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ABSTRACT

The effect of season of the year associated with
changes in feeding and management system (pasture-
based vs. confinement) on milk and cheese fatty acid
profile and on sensory properties of Caciocavallo cheese
was evaluated on 3 mountain dairy farms. Each farm
used a pasture-based feeding system from April to June
and from September to October (PS), and a confine-
ment system for the rest of the year (CS). As a conse-
quence of grazing, PS milk showed higher percentages
of C18:3, cis-9,trans-11 conjugated linoleic acid, and
trans-11 C18:1, and a reduced percentage of C16:0. The
fatty acid profile of cheese largely reflected that of the
corresponding raw milk from which cheese was made.
This led to a significant decrease of atherogenic index
in cheeses produced from cows on pasture. Based on
sensory analysis, cheese from animals kept on pasture
was more yellow and had a lower intensity of butter and
smoked odors than did CS cheese. In addition, graz-
ing induced a lower intensity of bitter and a higher
intensity of spicy flavors compared with cheese from
CS animals. In regard to texture, pasture feeding re-
sulted in higher intensity of friability and graininess.
All cheeses performed well in consumer tests; the panel
found all samples more than acceptable for overall lik-
ing, and for liking according to appearance, taste/fla-
vor, and texture. Overall liking of Caciocavallo cheese,
as assessed by slope analysis, was affected primarily
by taste/flavor (raw slope k = 0.88) and texture (k
= 0.97), whereas appearance had a lesser effect (k =
0.72). The acidic and sensory profiles of cheese were
well discriminated, with healthier cheeses produced by
grazing cows. Therefore, wider use of pasture should be
promoted to accentuate this favorable feature. Based
on the specific nutritional and sensory characteristics
of mountain Caciocavallo cheese, particularly that ob-
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tained from grazing animals, efforts should be made to
indicate the quality of this cheese to the consumer and
improve product recognition.

Key words: Caciocavallo cheese quality, feeding sys-
tem, pasture, management system

INTRODUCTION

The name “Caciocavallo Silano” designates an Italian
“pasta filata” cheese manufactured from raw or heated
cow milk, using various types of coagulants and starter
cultures, that has been endowed with protected designa-
tion of origin (PDO). Its geographical area of produc-
tion encompasses selected areas of 5 different regions of
southern Italy and includes both lowland and mountain
zones. A significant part of Caciocavallo PDO cheese is
manufactured in mountain semi-extensive dairy farms,
where animals are fed preserved forages and concen-
trates in winter and then switched to pasture in spring.

Upstream factors, in particular rearing system and
animal feeding, can influence quality as well as con-
sumer perceptions of dairy products within the same
cheese-making chain. In particular, pasture-based feed-
ing systems may provide specific organoleptic qualities
to milk products (Agabriel et al., 2004; Coulon et al.,
2004; Martin et al., 2005) and portray a healthy im-
age that may offer new marketing opportunities. This
healthy image is confirmed by several studies reporting
a modified FA profile with an increase in the unsatu-
rated fraction and conjugated linoleic acid (CLA) con-
tents in dairy products derived from grazing systems
(Chilliard et al., 2007). Therefore, pasture feeding may
represent a useful natural production system providing
added value to dairy products.

Studies related to the influence of ruminants’ feed-
ing regimen on the sensory properties of cheese are
particularly important for typical products (PDO or
other origin-promoting instruments) because feeding
regimen plays a central role in defining the relationship
between typical products and place of origin (Grappin
and Coulon, 1996).



The present study aimed to evaluate the effect of
season of the year associated with changes in the feed-
ing and management system (pasture based vs. confine-
ment) on milk and cheese FA profile and on sensory
properties (sensory profile and consumer liking) of Ca-
ciocavallo cheese from mountain semi-extensive dairies
under the usual conditions of farming and management
of the herd.

MATERIALS AND METHODS

Three dairy farms (A, B, C), located in Alta Irpinia,
Avellino province, southern Ttaly (40°54'N 15°25'E; 900
m above sea level), were selected for the study. The
farms used pasture as primary source of feeding during
the grazing season. Grazing was from the beginning of
April until the end of October, with an interruption
during July and August due to drought. The animals
were kept indoors for the rest of the year and their diets
were based only on grains and hay. Although on each
farm the treatment consisted of the combination of 3
different elements (season, feeding, and management
system), these are referred to hereafter as pasture-based
(PS) and confined (CS) management systems for the
sake of simplicity.

The 3 farms raised both Italian Friesian and Italian
Red Pied cattle, and calving was evenly distributed
throughout the year. Each farm produced Caciocavallo
cheese exclusively from milk produced on farm. Other
relevant farm characteristics are given in Table 1.

Sample Collection Procedure

The trial was divided into 2 periods of 10 wk each,
according to the seasonal pattern of pasture use: the
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first was from April to June 2009, during the grazing
season (PS), and the second was from December 2009
to February 2010, when the animals were kept indoors
(CS). Within each study period, the farms were visited
every 2 wk to collect feedstuffs and milk and cheese
samples to be used for subsequent analyses, for a total
of 5 sampling visits per farm.

Cheese-making process, brining, and ripening meth-
ods were recorded once a month to check for variations.
The 3 dairies did not change their production processes
throughout the experimental period and all used simi-
lar cheese-making procedures. Briefly, milk was gently
heated (39-40°C) and coagulated by addition of natural
whey culture and commercial kid rennet paste. After
approximately 30 min, the coagulum was coarsely cut
by hand, heated at 45°C for about 2 h, and then re-
duced to particles of 1.5 to 2 cm and held at room tem-
perature until the pH reached 5.30, a value suitable for
stretching. Thereafter, the curd was stretched manually
in hot water (80-85°C) into a typical flask-like shape
with a short neck and a small, round top. The cheeses
(about 1.5-2.5 kg each) were cooled in water, salted in
brine (27-30% NaCl) for about 6 h/kg, and then dried
in a room at a constant temperature (18-22°C) and
relative humidity (60-70%).

During the grazing season, the 3 herds grazed in cor-
responding pasture areas, where cages of 2 x 2 m were
randomly distributed. The number of cages was modi-
fied according to pasture sizes and characteristics (6,
4, and 4 for farms A, B, and C, respectively). At each
visit, samples of the pasture were cut from ungrazed
cages at a height of 5 cm. Proportions of botanical
groups (grasses, legumes, and other species) and plant
species within these groups were determined. Samples
of grains (wheat, oat, and barley meals and their mix-

Table 1. Characteristics of the 3 farms (A, B, C) under 2 management systems and diets offered in the barn (raw means + SD)

Confined management

Pasture-based management

Ttem A B C A B C
Farm characteristics
Usable agricultural area, ha 100 39 28 100 39 28
Available grazing areas, ha 20 13 8
Lactating cows, no. 41 17 19 40 16 21
Parity, no. 2.7+£1.0 23+12 23+12 25+ 1.1 2.6 £14 22+12
DIM 159 + 109 163 + 129 144 £+ 100 186 + 127 143 £+ 134 181 + 125
Indoor diet ingredients
Grain,' kg of DM /head per day 5.2 6.2 8.3 3.5 3.1 5.7
Hay,” kg of DM/head per day 11.7 10.0 10.2 3.9 3.6 4.3
Indoor diet composition
CP, % of DM 8.9+ 0.5 9.7 £ 1.17 121+ 1.3 9.7 £ 0.10 9.7 £0.27 9.94 £+ 0.06
Ether extract, % of DM 1.4+ 0.1 1.7+ 0.1 1.5+ 0.1 1.5+ 0.03 1.7 £ 0.08 1.6 £ 0.05
NDF, % of DM 48.6 + 1.2 48.2 £ 5.3 41.0+£ 1.4 41.6 £+ 1.35 43.6 + 2.21 35.8 + 2.31
NE;, MJ/kg of DM 5.61 £+ 0.10 5.72 + 0.03 5.63 £+ 0.20 6.41 + 0.12 5.8 +£0.19 6.2 + 0.23

'Barley, oat, and wheat meals.
*Natural meadow and clover hays.

Journal of Dairy Science Vol. 97 No. 4, 2014



FATTY ACID AND SENSORY PROFILES OF CACIOCAVALLO CHEESE 3

ture) and hays (clover and natural meadow) fed to the
cows in the barn were also collected and the amounts
recorded. Two samples (200 mL each) of bulk milk were
collected in sterile plain jars just before cheese mak-
ing. One sample was kept refrigerated at 4°C and sent
to the laboratory for milk composition analyses to be
conducted the same day of collection. The other sample
was stored at —20°C until milk FA analyses. Moreover,
a Caciocavallo cheese (about 1.5 kg) from each farm
produced from the sampled milk was identified and
marked before ripening. These cheeses were stored in
farm cheese-aging rooms and were sent to the labora-
tory for analyses after 90 d.

When the animals were kept indoors, feeds given in
the barn and milk and cheeses were sampled as previ-
ously described. In this period, feeding was based exclu-
sively on grain meals and hays, locally produced. The
rations fed to the cows in the barn were kept constant
within each season and the small differences observed
in nutritional parameters were due to variations in hay
composition (Table 1).

Chemical Analysis of Feeds, Milk, and Cheese,
and Color Analysis of Cheese

The AOAC official methods (AOAC International,
2002) were used to determine DM, ash, ether extract,
and CP contents of pasture and feed samples. Neutral
detergent fiber inclusive of residual ash was also deter-
mined (Van Soest et al., 1991). Milk was analyzed for
fat and protein contents by mid-infrared spectropho-
tometry (MilkoScan FT 6000, Foss Electric, Hillergd,
Denmark), for SCC (Fossomatic 90, Foss Electric), and
for urea level (CL-10 Plus, Eurochem, Rome, Italy).

Milk FA composition was determined after lipid ex-
traction using the Rose-Gottlieb method, and the trans
esterification of triglycerides into the fatty acid methyl
esters (FAME) according to the procedures described
elsewhere (Romano et al., 2010). The Supelco 37 Com-
ponent FAME mix (Supelco, Bellefonte, PA) and a
CLA isomer mixture (Nu-Chek Prep. Inc. Elysian, MN)
were used as external standards. A butter oil reference
standard (CRM 164, Community Bureau of Reference,
Brussels, Belgium) was routinely used to determine
recoveries and correction factors for individual FA. Val-
ues <0.1 were not quantified. Atherogenic index was
calculated according to Ulbricht and Southgate (1991).

From each cheese, a sample of about 200 g was taken
at 2 cm from the rind and was used to determine
chemical composition and to extract fat for FA profile.
Moisture was determined by oven drying; quantification
of fat, protein, and sodium chloride contents were de-
termined by the Gerber, Kjeldahl, and potentiometric
methods, respectively (Fox, 1963; AOAC International,

2002). Extraction of fat from cheese samples was car-
ried out according the Schimith-Bondzynski-Ratzlaff
method with modifications as described by Romano
and collaborators (2011). The FA profile of cheese was
determined as previously described for milk.

Cheese color was measured, according to CIELAB
system, by a Minolta colorimeter CR-300 (illuminant
D65, Minolta Camera Co. Ltd., Osaka, Japan) on 3
external and 3 internal nonoverlapping areas of a slice
of cheese.

Sensory Analyses of Cheese

Twelve panelists with a mean age of 25 yr were se-
lected on the basis of their capacity to identify the 4
basic tastes (sourness, sweetness, bitterness, and salti-
ness; Jellinek, 1985). During preliminary sessions, the
assessors, on the basis of available literature (Muir et
al., 1995, 1996; Adhikari et al., 2003), developed and
then agreed on a consensus list of attributes and their
definitions. A single score card with 3 odor, 6 taste,
6 consistency, and 2 color descriptors was compiled,
representing the consensus profile of sensory charac-
teristics (Table 2). Subsequently, a reference frame for
assessor training was developed, as suggested by Alben-
zio et al. (2013). Standard reference products specific
to each identified attribute were sought. Under the
guidance of the panel leader, the assessors determined
which of the proposed references were most suitable to
represent the previously identified sensory attributes.
The identification of reference standards required two
2-h sessions. For a reliable evaluation, at least 2 points
of the scale were anchored to the reference material
during the panel training.

A quantitative descriptive analysis (QDA) method
(Murray et al., 2001) was used to assess the products.
In all tests, which were carried out at about 1000 h,
cheese cube samples (1 cm®) were served in random or-
der. Attributes were evaluated by rating the samples on
100-mm unstructured lines with anchor points at each
end (0 = absent and 100 = very strong). Tests were
performed in sensory booths (ISO 8589; ISO, 1988)
under red fluorescent lights to mask color differences
in the samples, except during the evaluation of cheese
color, when only white fluorescent lighting was used.
The panelists were not provided with any information
regarding the samples to be tasted. Panelists were
asked to eat a slice of apple between samples to make
the palate conditions similar for each sample. To avoid
sensory fatigue due to the number of samples, only 3
samples were evaluated in each session. The interval
between samples was approximately 10 min. The panel-
ists evaluated 5 replications of each cheese product. In
all, 10 sessions were performed to analyze cheese.
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Table 2. Descriptive attributes and definitions used to evaluate Caciocavallo cheese

Descriptor Definition
Odor /flavor
Milk Odor/flavor arising from milk at room temperature
Butter Odor /flavor arising from butter at room temperature
Smoked Odor/flavor associated with smoked cheese
Taste
Acid Fundamental taste associated with citric acid
Sweet Fundamental taste associated with sucrose
Bitter Fundamental taste associated with quinine
Salty Fundamental taste associated with sodium chloride
Spicy Taste associated with hot pepper and involving the whole mouth
Seasoned Taste associated with the degree of seasoning
Texture
Tenderness Minimum force required to chew cheese sample: the lower the force, the higher the tenderness
Creaminess Formation of a creamy bulk during mastication
Grainy Perception of course particles in mouth
Adhesiveness Force required to remove the mouth coating layer of cheese: the higher the force, the higher the adhesiveness
Moisture Moisture released by the product in the mouth during early mastication (dry: saliva is absorbed by the product; humid:
liquids are released during mastication).
Friability Extent to which cheese fragments are increasingly perceived during mastication
Aspect
Uniformity Overall uniformity in structure and color
Yellowness Overall intensity of yellow color

Caciocavallo cheeses were also evaluated for con-
sumer acceptability (Kahkonen et al., 1996). A total of
100 consumers with an average age of 40 yr and bal-
anced for sex participated in the test. Each participant
evaluated six 1-cm® cheese samples (corresponding to
the 3 farms X 2 management systems) in a controlled
sensory analysis laboratory as described for QDA. For
each product, consumers expressed an overall liking
and liking according to the following sensory inputs:
appearance, taste/flavor, and texture. Consumers rated
their liking on a 9-point hedonic scale labeled at the left
end with “extremely unpleasant” (1), at the right end
with “extremely pleasant” (9), and at the central point
with “neither pleasant nor unpleasant” (Kadhkonen et
al., 1996).

Statistical Analyses

Data were analyzed with SAS software (SAS Institute
Inc., Cary, NC). Data on milk and cheese composition
were analyzed by a mathematical model that included
the effects of management system, farm, and manage-
ment system X farm interaction.

The main objective of this work was to compare
the 2 seasons of production associated with changes
in the feeding and management system. Consequently,
even though the effect of farm was often significant, for
clarity, data (least squares means) are only expressed
by management system and only the most noteworthy
differences observed between farms are discussed in
the text. For the same reason, the significance of the
interaction management system x farm, found for some
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milk and cheese FA, was considered negligible and is
only briefly discussed. Moreover, to assess the transfer
of FA from starter milk to cheese, data of FA composi-
tion of milk and cheese were compared separately for
each management system and farm by using one-way
ANOVA; however, because negligible differences were
observed between FA profiles of cheeses and milk, for
the sake of brevity, the results of this comparison were
omitted.

Sensory profile data were subjected to ANOVA with
assessor (12), replication (5), product (6 = 2 manage-
ment system X 3 farms), and their interactions as
factors. A further ANOVA was performed using man-
agement system (2), farm (3), and their interaction as
factors. To identify the most liked product, acceptabil-
ity data were analyzed by ANOVA, using farm, man-
agement system, and interaction as factors.

The relationship between overall liking and attribute
liking (appearance, taste/flavor, and texture) was
analyzed by linear regression analysis according to the
following equation:

Overall liking = ky + k; (attribute liking),

where k; is the Y intercept and k; are the individual
slopes relating attribute liking to overall liking (raw
slopes). Each consumer served as his/her own control.
Significance of this linear equation was evaluated by
correlation coefficient (r). Goodness of fit for the in-
dividuals was measured by the Pearson coefficient of
determination (R?), which shows the percentage of
variability that can be accounted for by a straight line.
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Table 3. Botanical and chemical compositions of pasture (LSM + SEM) as affected by farm

Farm
Item A B C P-value
No. of samples 30 20 20
Botanical composition
Nonedible biomass," % of DM 24.3 + 1.59* 15.5 + 1.95° 10.9 + 1.95° <0.0001
Graminaceae, % DM of edible biomass 53.2 + 1.76° 57.6 + 2.57° 64.5 + 2.57" 0.0007
Lolium spp., % DM of Graminaceae 25.6 & 1.95¢ 79.6 £ 2.39" 70.1 £ 2.39° <0.0001
Other Graminacae,” % DM of Graminaceae 74.4 + 1.95 20.4 + 2.39%¢ 29.9 + 2.395% <0.0001
Leguminosae, % DM of edible biomass 27.1 £ 1.52 31.3 £ 1.87 28.7 + 1.87 0.23
Trifolium spp., % DM of Leguminosae 52.5 & 0.63° 79.6 + 0.78"5 84.6 + 0.78" <0.0001
Other Leguminosae,® % DM of Leguminosae 47.5 + 0.63* 20.4 & 0.78" 15.4 + 0.78¢ <0.0001
Other species,” % DM of edible biomass 19.7 + 0.514 11.1 + 0.63" 6.8 + 0.63° <0.0001
Chemical composition
DM, % 22.0 + 0.98 24.0 + 1.20 22.5 + 1.20 0.43
CP, % of DM 14.9 £ 0.57" 17.4 £+ 0.70° 17.6 £ 0.70" 0.004
Ether extract, % of DM 2.5 + 0.07 2.3 £ 0.09 2.4 + 0.09 0.47
NDF, % of DM 57.3 + 1.70" 47.0 + 2.09" 47.1 + 2.09" 0.0001
NE,;, MJ/kg of DM 4.89 £ 0.11° 5.24 + 0.13" 5.46 + 0.13* 0.005

A CMeans within a row with different uppercase superscript letters differ at P < 0.001.

"“Means within a row with different lowercase superscript letters differ at P < 0.01.

"Dead materials, nonedible species, and mature plants.

>Bromus spp., Hordeum spp., Dactylis glomerata, Festuca spp., Agrostis spp., Avena spp., Poa spp., and Phleum spp.
3Medz'cago spp., Vicia spp., Hedysarum coronarium, and Onobrychis viciifolia.
*Calendula arvensis, Chrysanthemum coronarium, Achillea spp., and Tarazacum spp.

Each individual generated 3 raw slopes (i.e., for ap-
pearance liking, taste/flavor, liking, texture liking vs.
overall liking, respectively). The standard deviation
(SD) measures the variability of that individual’s raw
slopes. The larger the SD of the 3 raw slopes, the more
differentially one sensory attribute liking drives overall
liking. The smaller the SD of the 3 raw slopes, the more
equally the sensory attributes liking drive overall liking.

RESULTS
Composition of Grazing Pasture

No agronomic practices were applied in the natural
pasture used on farm A. Pastures in farms B and C, in
contrast, were sown every 3 to 4 yr with a mixture of
annual ryegrass (Lolium spp.) and clovers (Trifolium
spp.), and sporadically received nitrogen fertilization.
The average botanical and chemical compositions of
grazing areas are shown in Table 3. All pasture areas
were mostly composed of Graminaceae and Legumino-
sae, but the natural pasture (farm A) showed higher
percentages of nonedible biomass (P < 0.001) and other
species (P < 0.001) compared with the other 2 farms.
Moreover, within the Graminaceae and Leguminosae
families, the percentages of Lolium spp. (P < 0.001)
and Trifolium spp. (P < 0.001) were lower in natural
(farm A) than in sown pastures (farms B and C). As a
consequence, natural pasture showed higher percentages
(P < 0.001) of other Graminaceae and other Legumino-

sae. The botanical diversity and relative abundance of
individual plant species were clearly affected by seeding
practices, and possibly by application of fertilizers high
in nitrogen, which may be inappropriate for the growth
of native and palatable plants (Parfitt et al., 2005).
Chemical and nutritional characteristics of pastures
varied between farms depending on botanical composi-
tion and plant growth stage (Table 3). In particular,
sown pastures (farms B and C) showed higher percent-
ages of CP (P < 0.01), a lower proportion of NDF (P
< 0.001), and, consequently, a higher energy content
(P < 0.01) compared with pasture from farm A. No
significant differences were observed for fat content.

Milk Traits and Cheese Chemical
Composition and Color

Management system did not affect any milk char-
acteristics (Table 4), including SCC, which were high,
possibly because of incorrect milking techniques or the
presence of subclinical mastitis.

Table 4 shows that the proximate chemical compo-
sition values were within the standards required for
Caciocavallo cheese (EC No 1204/03) and the related
production roles (e.g., fat content not less than 38% in
DM). Management conditions had a significant effect
(P < 0.05) only on percent of DM, which was higher in
CS cheeses compared with PS cheeses; other chemical
parameters were not affected.
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Table 4. Milk and cheese characteristics (LSM £+ SEM) as affected by management system

Management system

Item Confined Pasture-based SEM P-value
Milk
Yield, kg/head per day 18.6 18.7 0.47 0.92
Fat, % 4.01 3.73 0.12 0.12
Protein, % 3.28 3.23 0.03 0.26
Urea, mg/dL 16.0 17.9 2.12 0.52
SCC, logy cells/mL 5.45 5.46 0.05 0.84
Cheese
DM, % 71.37 69.82 0.47 0.03
Fat, % of DM 47.99 47.70 0.41 0.62
Ash, % of DM 4.62 4.48 0.16 0.53
Protein, % of DM 32.81 33.66 0.55 0.29
pH 5.45 5.36 0.06 0.24
NaCl, % of DM 1.86 1.88 0.12 0.91
Cheese color
L (lightness) 73.05 70.41 0.77 0.03
a* (red-green color) —0.38 1.33 0.18 <0.0001
b* (yellow-blue color) 20.72 26.39 0.35 <0.0001

In agreement with others (Carpino et al., 2004; Se-
gato et al., 2007; Cozzi et al., 2009) cheeses made from
PS milk showed significantly higher redness (a value; P
< 0.001) and yellowness (b value; P < 0.001) and, thus,
a lower lightness (L) index (P < 0.05).

The differences observed between farms for DM (P
< 0.01), fat (P < 0.001), protein (P < 0.001), and salt
(P < 0.05) contents and for color traits (P < 0.001) of
cheeses (data not shown) may be attributed to several
different factors (e.g., genetic type, diet formulation,
pasture composition, cheese aging conditions) and are
common in cheeses from small dairies and small-batch
cheese making.

Milk FA Profile

The FA composition of milk is shown in Table 5.
Compared with CS milk, the content of de novo (<16
C) FA slightly decreased in PS milk, with the excep-
tion of C8:0 and C13:0. A generalized reduction of
de novo FA is expected in milk from grazing animals
because high levels of dietary PUFA from pasture can
compete with de novo FA for esterification in the mam-
mary gland and thus decrease synthesis of short- and
medium-chain FA (Palmquist et al., 1993). Moreover,
a negative energy balance may occur in lactating cows
on pasture, thus reducing the synthesis of short- and
medium-chain FA in the mammary gland (Palmquist
et al., 1993). The lack of a more marked reduction of de
novo FA in PS milk may be attributed to the fact that,
on all farms, grazing pasture was integrated with grain
meals (Table 1). The supplementation of concentrates,
on the one hand, may have helped to cover the cows’
needs, but may also have diluted the effect of dietary
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PUFA on the synthesis of de novo FA. This hypothesis
is supported by the study of Bargo et al. (2006), who
reported that the provision of concentrate supplemen-
tation to grazing animals increased the total content of
short- and medium-chain FA in milk.

In agreement with several studies (see Collomb et
al., 2006 for a review), FA of mixed origin (C16:0 and
C16:1) were always lower in PS milk (P < 0.001).
Moreover, within the C18 family, PS milk showed
higher percentages of C18:0, trans-11 C18:1, C18:3n-3,
and cis-9,trans-11 CLA (P < 0.001) and lower contents
of C18:2n-6 (P < 0.001).

The FA composition of CS milk was similar on the
3 farms (data not shown), likely because of the similar
winter-feeding regimen used in the farms (i.e., grain
meals and hays). The major effect of pasture feeding on
trans-11 C18:1 and cis-9,trans-11 CLA concentration
(data not shown) was found for milk produced on farm
A (40.53 and +0.96 g/100 g of FA, respectively for the
2 FA), followed by farms B (40.32 and +0.67% /weight)
and C (+0.30 and +0.36%/weight). These results may
be due to the different pasture used on the 3 farms
(i.e., semi-natural pasture for farm A and sown pasture
for farms B and C), in agreement with other on-farm
studies (Collomb et al., 2002; Falchero et al., 2010)
that reported differences in milk ¢is-9,trans-11 CLA
and C18:3n-3 contents depending on grassland botani-
cal composition. In addition, the higher concentrate
supplementation in farm C (Table 1) may have lowered
the cis-9,trans-11 CLA and trans-11 C18:1 contents.

Factors other than diet may also play a role in affect-
ing milk FA composition. Kelsey et al. (2003) observed
that variation among individuals can influence milk
cis-9,trans-11 CLA content, whereas breed, parity, and
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Table 5. Milk FA composition as affected by management system (LSM + SEM)

Management system

FA,

g/100 g of FA Confined Pasture-based SEM P-value
C4:0 2.98 2.58 0.09 0.006
C6:0 1.59 1.43 0.05 0.02
C8:0 0.99 1.00 0.02 0.73
C10:0 2.98 2.64 0.10 0.02
C11:0 0.29 0.25 0.02 0.04
C12:0 34 3.05 0.10 0.02
C13:0 0.15 0.14 0.01 0.63
C14:0 12.1 11.6 0.21 0.11
C14:1 0.95 0.81 0.03 0.008
C15:0 1.25 1.4 0.04 0.02
C16:0 33.26 29.26 0.03 <0.0001
C16:1 2.61 2.3 0.44 <0.0001
C17:0 1.15 1.11 0.03 0.33
C18:0 11.21 13.69 0.28 <0.0001
trans-11 C18:1 0.38 0.76 0.01 <0.0001
C18:1n-9 cis 20.88 23.51 0.54 0.002
C18:2n-6 cis 2.38 1.88 0.08 <0.0001
C20:0 0.16 0.22 0.01 0.0009
C20:1 0.12 0.24 0.04 0.04
C18:3n-3 0.65 0.93 0.02 <0.0001
cis-9,trans-11 CLA' 0.37 1.03 0.05 <0.0001
(C20:4n-6 0.15 0.17 0.01 0.60
SFA 71.51 68.37 0.52 0.0003
MUFA 24.94 27.62 0.51 0.0004
PUFA 3.55 4.01 0.09 0.002
Atherogenic index” 2.99 2.49 0.08 0.0002

!Conjugated linoleic acid.
’[C12:0 + (4 x C14:0) + C16:0] /unsaturated FA.

stage of lactation tend to have a minor effect. An effect
of individual cannot be excluded due to the limited size
of the herds, but the lack of differences between farms
for winter milk cis-9,trans-11 CLA contents (data not
shown) support the hypothesis of a major effect of diet.

Overall, under the actual conditions of herd man-
agement tested, we could clearly identify the effect of
season on milk FA profile in terms of increased per-
centages of C18:3n-3, cis-9,trans-11 CLA, and trans-11
C18:1 (P < 0.001) and reduction in C16:0 (P < 0.001)
as a consequence of grazing. The PS season also in-
creased percentage PUFA (P < 0.01) and decreased the
atherogenic index (P < 0.01).

Cheese FA Profile

The FA composition of cheese is presented in Table 6.
In agreement with others (Buccioni et al., 2010; Revello
Chion et al., 2010) reporting a complete transfer of
FA from milk to cheese, the FA profile of Caciocavallo
cheeses after 90 d of aging largely reflected the raw
milk from which they were made. Thus, most of the
discussion previously reported for milk FA profile also
applies to cheese, although no effects of season were ob-
served for the majority of de novo (<16 C) FA. The PS
cheeses displayed lower C16:0 contents and higher per-

centages of C18:1, C18:3n-3, and cis-9,trans-11 CLA.
As a consequence, unsaturated FA content increased
to the detriment of SFA content in the cheese. This led
to a significant decrease in the atherogenic index (P <
0.001), resulting in a more favorable FA composition
of cheese from grazing cows. Therefore, a wider use of
pasture may be promoted in order to accentuate this
positive feature.

Cheese Sensory Properties and Consumer Liking

A main result of the sensory analysis was that the
product x replication and product x assessor interac-
tions were never significant (P > 0.05), indicating a
high reliability of the panel performance; that is, the
cheeses were not evaluated differently in different repli-
cations or by different assessors. The lack of significant
interactions allowed us to perform a second ANOVA
using management system, farm, and their interaction
as main factors. According to this analysis, most of the
sensory attributes were affected by management system
and farm. Results concerning the effect of management
system are reported in Table 7.

The sensory quality of cheese depends on several fac-
tors linked to both the cheese-making technology (milk
treatment, starter cultures, clotting process conditions)
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Table 6. Caciocavallo cheese FA composition as affected by management system (LSM £+ SEM)

Management system

FA,

g/100 g of FA Confined Pasture-based SEM P-value
C4:0 2.92 2.32 0.11 <0.001
C6:0 1.16 1.21 0.08 0.66
C8:0 1.04 1.19 0.07 0.15
C10:0 2.72 2.51 0.11 0.16
C11:0 0.33 0.42 0.03 0.02
C12:0 3.02 2.74 0.11 0.09
C13:0 0.21 0.16 0.04 0.40
C14:0 12.33 11.69 0.24 0.06
C14:1 0.95 0.72 0.05 0.005
C15:0 1.24 1.49 0.05 <0.001
C16:0 33.77 29.43 0.38 <0.0001
C16:1 2.55 2.46 0.09 0.48
C17:0 1.11 1.14 0.04 0.71
C18:0 10.71 12.95 0.24 <0.0001
trans-11 C18:1 0.46 0.83 0.02 <0.0001
C18:1n-9 cis 21.49 24.00 0.50 0.002
C18:2n-6 cis 2.53 2.04 0.13 0.01
C20:0 0.16 0.22 0.01 0.0003
C20:1 0.13 0.22 0.04 0.16
C18:3n-3 0.67 0.98 0.04 <0.0001
cis-9,trans-11 CLA' 0.36 1.12 0.04 <0.0001
C20:4n-6 0.16 0.17 0.01 0.07
SFA 70.71 67.47 0.54 0.0002
MUFA 25.58 28.22 0.51 <0.001
PUFA 3.71 4.31 0.13 0.003
Atherogenic index” 2.94 2.43 0.08 <0.001

!Conjugated linoleic acid.
’[C12:0 + (4 x C14:0) 4 C16:0]/unsaturated FA.

and the chemical and microbiological characteristics of
the raw milk (Martin et al., 2005). Nevertheless, when
other factors are similar, some cheese characteristics
can be associated with the feeding regimen. In our

study, the effect of management system was clear and
in agreement with previous studies. Cheese from ani-
mals kept on pasture (Table 8) was more yellow in color
(P < 0.001) and showed a lower intensity of butter (P

Table 7. Sensory profile of Caciocavallo cheese as affected by management system (LSM 4+ SEM)

Management system

Item Confined Pasture-based SEM P-value
Appearance
Uniformity 49.35 48.44 1.60 0.0001
Yellowness 39.01 48.72 1.68 0.0001
Odor /flavor
Milk 38.17 43.43 2.30 0.10
Butter 32.88 27.00 2.07 0.05
Smoked 17.67 10.26 1.64 0.002
Taste
Sweet 29.49 34.01 2.25 0.16
Salty 24.61 28.23 1.70 0.13
Acid 16.48 14.10 1.42 0.24
Bitter 21.32 14.59 1.57 0.003
Spicy 15.08 21.21 1.39 0.002
Seasoned 34.45 38.49 1.67 0.003
Texture
Tenderness 47.12 49.84 2.06 0.35
Friability 24.90 36.29 1.75 0.0001
Grainy 25.76 35.79 1.86 0.0002
Adhesivity 34.97 38.44 1.96 0.21
Creaminess 27.61 30.19 1.77 0.30
Moisture 36.44 33.88 1.92 0.35

Journal of Dairy Science Vol. 97 No. 4, 2014



FATTY ACID AND SENSORY PROFILES OF CACIOCAVALLO CHEESE 9

Table 8. Hedonic scores of Caciocavallo cheese as affected by management system (LSM + SEM)

Management system

Ttem Confined Pasture-based SEM P-value
Overall liking 6.80 6.63 0.10 0.23
Appearance 6.83 6.70 0.09 0.34
Taste/flavor 6.49 6.67 0.10 0.18
Texture 6.81 6.73 0.09 0.52

< 0.05) and smoked (P < 0.01) odors than cheese from
CS animals. In addition, grazing induced a lower inten-
sity of bitter flavors (P < 0.01) and a higher intensity
of spicy flavors (P < 0.01) compared with cheese from
CS animals. In regard to texture, PS cheeses had higher
intensities of friability and graininess (P < 0.001). Car-
pino et al. (2004) showed that addition of pasture to a
maize silage-based diet resulted in a yellower Cacioca~
vallo Ragusano cheese that was less difficult to fracture
and with higher scores for floral and herbaceous odors.
Similar results were obtained by Chilliard and Ferlay
(2004) and Bonanno et al. (2013).

Milk contains variable amounts of pigments such as
carotene, which is present in large proportions in green
forage and contributes to the yellow coloration of dairy
products (Noziere et al., 2006). The higher yellowness
intensity perceived by panelists for PS cheeses con-
firmed the results concerning instrumental color (Table
4), with a higher b index for the same cheeses.

Changes in the texture of PS cheese may be attrib-
uted, at least partly, to the corresponding FA compo-
sition, which was poorer in SFA such as C14:0 and
richer in unsaturated FA such as C18:1 (Table 6) as a
consequence of the ingestion of fresh forages. The lower
melting point of unsaturated FA may produce softer
cheeses (Martin et al., 2005). In addition, some attri-
butes (i.e., spicy and bitter flavors, friability and grainy
texture) may be affected by a more intense proteolysis
occurring in spring and summer, which, in turn, may
contribute to softening cheese during ripening and may
have a direct effect on flavor through the production
of short peptides and amino acids (McSweeney, 2004).

Table 8 shows the hedonic scores for cheese as af-
fected by management system. All cheeses performed
well in the consumer tests; the panel found all samples
acceptable, with scores >5 (neutral score: neither pleas-
ant nor unpleasant) for overall liking and liking accord-
ing to appearance, taste/flavor, and texture.

The consumer panel did not perceive any differences
for cheeses produced in different farms or management
systems. The high temperatures (70-80°C) reached
during the cheese-making process may have flattened
any differences perceivable by untrained consumers.

The regression of consumer liking against analytical
sensory data can show the most important input driv-
ing the acceptance for a specific product (Ward et al.,
1999; Moskowitz, 2001). Therefore, the relationship be-
tween overall liking and liking of specific sensory inputs
(appearance, taste/flavor, and texture) was analyzed
by linear regression analysis. Significance of this lin-
ear equation was evaluated by correlation coefficient.
Thirty percent of consumers showed no significant
correlation for all the sensory properties; thus, these
consumers were not included in the analysis. Signifi-
cant differences were observed between appearance and
both texture and taste/flavor (P < 0.001 and P < 0.05,
respectively), whereas no differences were observed be-
tween texture and taste/flavor. Therefore, overall liking
of Caciocavallo cheese was affected primarily by taste/
flavor [raw slope (k) = 0.88) and texture (k = 0.97),
as their raw slopes values were higher. Appearance
also affected consumer liking (k = 0.72) but to a lesser
extent. Visible characteristics, including visible fat and
marbling, are thought to play an important role in
orienting consumer preference before consumption for
meat and meat products (Fortin et al., 2005), whereas
for most other food products, such as cheese, appear-
ance may be less important as a driver of overall liking
than taste or texture (Moskowitz and Krieger, 1995).

Based on the sensory characteristics of the products,
trained panelists were able to discriminate Caciocavallo
cheeses, whereas untrained consumers were not able to
detect differences in product. Overall liking of Cacioca-
vallo cheese was primarily affected by taste/flavor and
texture and less so by appearance.

CONCLUSIONS

Under the actual production conditions tested in this
study, the FA profiles of Caciocavallo cheese were well
discriminated between seasons, with healthier cheeses
produced during the season of pasture feeding. Varia-
tions in cheese chemical composition and color among
farms indicate that these artisanal products are charac-
terized by a high degree of diversity, and the variations
that often occur in traditional cheeses produced in
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small-scale farms should be considered normal. A spe-
cific quantitative vocabulary for Caciocavallo sensory
analysis was defined, which should be implemented to
systematically monitor the quality of cheese produced
in the area. Quantitative descriptive analysis detected
the effect of grazing on several sensory attributes. Thus,
based on the specific nutritional and sensory features of
mountain Caciocavallo cheese, efforts should be made
to signal the quality of this cheese to the consumer and
improve product recognition.
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