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ABSTRACT

The aim of this study was to determine the effect of
the forage preservation method (silage vs. hay) on vola-
tile compounds and sensory properties of a traditional
Caciocavallo cheese during ripening. A brown-midrib
sudangrass hybrid was cultivated on a 7-ha field and
at harvesting it was half ensiled in plastic silo bags
and half dried to hay. Forty-four lactating cows were
equally allotted into 2 groups fed a isonitrogenous and
isoenergetic total mixed ration containing as the sole
forage either sorghum hay (H group) or sorghum si-
lage (S group). Milk from the 2 groups was used to
produce 3 batches/diet of Caciocavallo ripened for 30,
60, and 90 d. Milk yield and composition as well as
cheese chemical and fatty acid composition were not
markedly affected by the diet treatment and ripening
time. By contrast, ripening induced increased levels of
the appearance attribute “yellowness,” along with the
“overall flavor,” the odor/flavor attributes “butter” and
“hay,” the “salty,” “bitter,” and “umami” tastes, and
the texture attribute “oiliness,” whereas the appear-
ance attribute “uniformity” and the texture attribute
“elasticity” were reduced. The silage-based diet induced
higher perceived intensities of several attributes such
as “yellowness”; “overall flavor”; “butter”; “grass” and
“hay” odor/flavors; “salty,” “bitter,” and “umami”
tastes; and “tenderness” and “oiliness” textures. In S
cheese we also observed higher amounts of ketones and
fatty acids. Conversely, H cheese showed the terpene
a-pinene, which was not detected in S cheese, and a
higher intensity of the appearance attribute “unifor-
mity.” These differences allowed the trained panel to
discriminate the products, determined an increased
consumer liking for 90-d ripened cheese, and tended to
increase consumer liking for hay cheese.
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INTRODUCTION

Cheese quality is mainly dependent on technological
process (e.g., manufacturing, ripening time, and cheese
factory conditions) and chemical and microbiological
characteristics of raw milk (Fox et al., 2017), which in
turn are influenced by several upstream factors includ-
ing cow feeding (Martin et al., 2005). In particular, the
forage component of cow diet is able to convey specific
organoleptic and nutritional features to milk products,
and therefore really contributes to define “terroir” as
well as sensory and healthy attributes of dairy products
(Giaccone et al., 2016; Mordenti et al., 2017).

Caciocavallo is a traditional semi-hard pasta filata
cheese typically produced in up-land southern Italy
in artisanal small factories or on farm, using milk ob-
tained from animals fed with a combination of concen-
trate, pasture, and preserved forages according to the
seasonal variations of forage availability. Within the
forage preservation methods, ensiling appears to be a
more flexible and economic option compared with hay,
especially in mountain areas where unfavorable weather
conditions prevail (Borreani et al., 2007; Freschi et al.,
2015). However, poorly preserved and improperly man-
aged ensiled forages can develop unwanted spoilage
microorganisms that trigger a nutritive value reduction
and even impair the quality of milk and dairy products,
especially of ripened cheeses. As a consequence, the
use of ensiled forages within the quality labeled cheese
channels is still debated (Driehuis et al., 2018). In addi-
tion, even well-preserved silages per se can influence the
composition and sensory profile of cheeses (Stefanon
and Procida, 2004; Martin et al., 2009; Cosentino et
al., 2016). In recent years, interest has been growing
in milk and dairy products produced excluding silages
from cows’ diets (Paredes et al., 2018), so that “silage-
free” products have recently been included into the
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Traditional Specialties Guaranteed (TSG) register as
“Haymilk” or made from “Haymilk” (European Com-
mission, 2016).

As no protection of the general designation Cacio-
cavallo has been implemented and different cheeses,
independent from the feeding system, are currently
marketed under this common name (Piraino et al.,
2005), a possible differentiation and quality assurance
strategy for Caciocavallo cheese may be the TSG label
“Haymilk.”

Although a certain number of studies examined the
effects of silage feeding on milk and cheese character-
istics (see the reviews by Martin et al., 2005; Kalag¢
and Samkova, 2010; Kala¢, 2011; Khan et al., 2015),
only one of them addressed this issue while minimiz-
ing the confounding factors of forage source and cheese
manufacture (Verdier-Metz et al., 1998). However, no
studies addressed Caciocavallo cheese and the effect on
consumer liking in particular.

Therefore, following up a previous study describ-
ing the taxonomic structure of the microbiota of the
milk and the dynamic of bacterial communities dur-
ing Caciocavallo cheese-making and ripening (Giello et
al., 2017), we aimed to compare, at different ripening
times, the chemical, instrumental, and sensory proper-
ties of a Caciocavallo cheese produced by using hay or
silage as sole forage source, and their relationship with
consumer liking.

MATERIALS AND METHODS
Feeds, Animals, and Cheese-Making Procedure

The study was carried out in a dairy cattle farm
(70 Italian Friesian cows, 50 ha of usable agricultural
area) located in internal Apennine mountains of Cam-
pania, a region of southern Italy (41°16'N 15°05'E).
The farm produces a traditional food product named
Caciocavallo di Castelfranco (Italian Ministry of
Agricultural, Food and Forestry Policies, Ministe-
rial Decree n. 11262/2018) at a small-scale artisan
cheese-making facility. On May 2014, a 7-ha dryland
field (760 m above sea level) was sown with a brown-
midrib sudangrass hybrid for silage and hay produc-
tion [Hermes, Padana Sementi Elette s.r.l, Tombolo,
PD, Italy; Sorghum sudanense x Sorghum sudanense
(Piper) Stapf.]. The agro-meteorological conditions,
soil characteristics, and crop management practices
have been described elsewhere (Uzun et al., 2018b).
The forage was mowed on August 2014 at the late boot
stage [i.e., growth stage 5 to 6 according to Vanderlip
and Reeves (1972)], and one-half (3.5 ha) was chopped
at a theoretical length of 1.1 ¢m and ensiled without
any additives using a 2.7-m-diameter plastic silo bag
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(Boschi Servizi s.r.l., Villanova di Ravenna, RA, Ttaly),
whereas the other half was air-dried to hay and then
harvested in 1.2-m-diameter round bales stored in a
covered barn. Neither silage nor hay were rained on. In
March 2015, a 13-d-long feeding trial was undertaken.
Forty-four lactating cows were randomly allocated into
2 groups, silage (S) and hay (H), balanced for DIM
(169 4+ 116 vs. 165 £ 109 d, respectively, for the S and
H group), milk yield (23.4 + 8.2 vs. 23.7 + 7.4 kg/
head per d), and quality (fat 4.4 + 0.8 vs. 4.5 + 0.9%;
protein 3.4 + 0.5 vs. 3.6 + 0.4%); values shown are
mean + standard deviation. The groups were housed
in 2 adjacent freestall pens located in the same barn
and were milked twice daily (0500 and 1700 h). The
H group was fed a TMR containing as the sole forage
the sorghum hay that, for the S group, was replaced by
the sorghum silage. A limited quantity of sorghum hay
(5.4 kg as fed) was included in the silage-based TMR
to provide a basic level of physically effective fiber and
minimize the risk of ruminal acidosis. The forage spe-
cies, the commercial concentrate, and the forage to
concentrate ratio were similar to those usually used in
the area of production of Caciocavallo di Castelfranco.
Details of experimental forages and diets are given in
Table 1. The rations were fed once daily (0900 h) in
an amount to provide approximately 10% orts for ad
libitum consumption and were re-approached several
times daily. Feed intake was daily measured by the dif-
ference between feed offered and orts (23.6 + 1.1 and
24.5 + 0.4 kg of DM/d, respectively, for the H and S
groups). After 10 d of adaptation to the diets, during 3
consecutive morning milkings, bulk milk of each group
was separately collected and Caciocavallo cheeses from
H and S milk were manufactured at the same time in
separate vats using the identical traditional procedure
as described in details by Giello et al. (2017). Briefly,
raw milk was gently heated (38°C) and then inoculated
with natural whey culture from the previous cheese-
making day, and coagulated by liquid calf rennet (80%
chymosin, 20% pepsin; Linea rossa, Caglificio Clerici
S.p.a., Cadorago, Como, Ttaly). When curd reached
proper consistency (after about 30 min), the coagulum
was cut into 6 to 8 mm particles, the whey was partially
removed, and the fresh curd was left to acidify under
heated whey until pH decreased enough to allow curd
texturing. An artisanal stretchability test, as described
in Uzun et al. (2019), was performed to check the abil-
ity of curd for texturing. The manual stretching was
carried out in hot water and the curd was molded into
the typical flask-like shape with a short neck and a
small, round top. Finally, the cheeses were cooled in
water, salted in brine (25% NaCl for about 12 h), and
left to ripen in a cellar at 16 to 17°C and 60 to 70%
relative humidity.
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Table 1. Ingredients and chemical composition (means and SD of 3 samples collected over the cheese making

period) of the forages and the TMR fed to dairy cows'

Sorghum Sorghum
Ttem hay silage S-TMR H-TMR
Ingredient, kg as fed
Sorghum hay — — 5.4 12.7
Sorghum sﬂage — — 26.5 —
Concentrate® — — 13.0 13.3
Water — — — 16.8
Vitamin and mineral mix — — 0.40 0.40
DM, kg — — 22.7 22.7
Forage, % of DM — — 52.4 51.2
Chemical composition
DM, % 91.5 (0.48) 26.3 (0.56) 50.6 (0.43) 53.0 (0.38)
NE;, MJ/kg of DM 4.06 (0.06) 4.22 (0.05) 6.00 (0.01) 6.00 (0.01)
Ether extract, % of DM 2.0 (0.15) 2.8 (0.13) 4.0 (0.05) 3.8 (0.03)
CP, % of DM 7.1 (0.16) 8.8 (0.20) 16.8 (0.11) 16.2 (0.14)
Ash, % of DM 10.2 (0.22) 9.8 (0.13) 8.3 (0.17) 8.1 (0.17)
NDF, % of DM 61.0 (0.25) 57.3 (0.65) 39.5 (0.57) 40.1 (0.21)
ADF, % of DM 40.8 (0.25) 37.8 (0.50) 24.8 (0.23) 25.4 (0.42)
Starch, % of DM 2.1 (0.02) 3.00 (0.07) 19.3 (0.13) 19.4 (0.26)
SP,* % of DM 2.20 (0.09) 4.5 (0.10) 5.4 (0.36) 4.8 (0.48)
NPN, % of DM 0.29 (0.03) 0.58 (0.06) 0.68 (0.03) 0.60 (0.03)

'"H-TMR = diet containing sorghum hay as sole forage source; S-TMR = diet containing sorghum silage as

main forage source (59% as fed).

2 . .
Commercial concentrate based on maize meal, soybean meal, sunflower meal, beet pulp, barley meal, wheat

flour shorts, flaked maize, and hydrogenated palm fat.

*SP = soluble protein.

Three batches of Caciocavallo were produced for
each diet (average cheese yield 10%), all consisting of
12 cheeses with an average weight of 2.0 kg.

Sampling Procedure and Chemical
and Instrumental Analyses

In each cheese making day, samples of sorghum silage,
sorghum hay and TMR were collected to determine DM,
CP, ether extract, ash (AOAC International, 2002),
soluble protein, NPN (Licitra et al., 1996), NDF, ADF,
and ADL (Van Soest et al., 1991). Starch content was
determined by the polarimetric method described by
the international standard ISO 6493 (ISO, 2000). Con-
centration of NE; of the diets was calculated according
to Sauvant and Noziere (2013). Moreover, milk yield
of each cow was recorded during the morning milking
by means of recorder jars and 2 samples of bulk milk
from each vat were collected just before cheese-making,
packed under refrigeration in 200-mL plastic flasks, and
sent to the laboratory for immediate determination of
fat, protein, and lactose (Milkoscan 605, Foss Electric,
Hillergd, Denmark).

Chemical and instrumental analyses of Caciocavallo
cheeses were determined at 30, 60, and 90 d of ripening.
Two cheeses for each batch of production and ripen-
ing time were analyzed. The chemical composition and
the fatty acid profile were determined on grated cheese
taken at 2 cm from the rind. Moisture, protein, and fat
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contents were measured by oven drying, Kjeldahl, and
Gerber methods, respectively (AOAC International,
2002). Extraction of fat and the subsequent GC analy-
sis to determine fatty acid composition were performed
as previously described by Romano et al. (2011).

Instrumental color and texture were measured on
cylindrical (diameter, 23 mm; height, 11 mm) samples
taken from the upper, central, and lower parts of a
cheese slice, and the mean values were used for sta-
tistical analysis. Color was determined according to
the CIELAB system by a U-3000 spectrophotometer
(Hitachi, Tokyo, Japan), and yellow index (YI) was
calculated according to Francis and Clydesdale (1975).
The compression test was performed by an Instron
Universal 5565 testing machine (Instron Ltd., High
Wycombe, UK). The velocity and the load cell were
50 mm/min and 500 kg, respectively, and each sample
underwent 2 cycles of 50% compression.

Sensory Analysis and Consumer Liking

The sensory analysis was carried out at 30, 60, and
90 d of ripening by using a quantitative descriptive
analysis (QDA) method (Murray et al., 2001). A panel
composed of 8 assessors participated in the analysis.
All panelists were experienced in the sensory analysis
of pasta filata cheeses, trained in the assessment of the
intensity of sensory stimuli and involved in the develop-
ment of the attributes to generate a specific vocabulary
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Table 2. Descriptive attributes and definitions used to evaluate Caciocavallo cheese

Descriptors Definition
Appearance
Yellow Overall intensity of yellow color
Uniformity Overall uniformity in structure and color
Odor/flavor

Overall odor
Overall flavor

Overall intensity of the odor
Overall intensity of the flavor

Milk Odor /flavor arising from milk at room temperature
Butter Odor/flavor arising from butter at room temperature
Grass Fundamental taste of fresh grass
Hay Fundamental taste of dry grass
Taste
Salty Fundamental taste associated with sodium chloride
Bitter Fundamental taste associated with quinine
Umami Fundamental taste elicited by certain peptides and nucleotides
Texture
Tenderness Minimum force required to chew cheese sample: the lower the force, the higher the tenderness
Elasticity Degree to which the product will return to its original shape after being compressed between the teeth
Oiliness Perception of the amount of fat released by the product during mastication

for Caciocavallo cheese as suggested by Albenzio et al.
(2013). A single score card with 2 appearance, 6 odor/
flavor, 3 taste, and 3 texture descriptors was compiled,
representing the consensus profile of sensory character-
istics (Table 2).

In all tests, carried out at about 1000 h, cheese cube
samples (1 cm®) were served in a randomized order. A
random 3-digit number was assigned to each sample
so that panelists were unable to recognize the treat-
ment. Attributes were evaluated by rating the samples
on 100-mm unstructured lines (0-20 mm weak, 21-40
mm weak/moderate, 41-60 mm moderate, 61-80 mm
moderate/strong, 81-100 mm strong intensity). Tests
were performed in sensory booths (ISO 8589; ISO,
1998) under red fluorescent lights to mask color dif-
ferences in the samples, except during the evaluation
of color, when white fluorescent lighting was used. A
slice of apple was provided to neutralize taste between
cheese samples. To avoid sensory fatigue due to the
number of samples, in each session, only 3 samples were
evaluated. The interval between samples was approxi-
mately 10 min. The panelists evaluated 3 replications
of each of the 6 products (3 ripening times x 2 diets)
and completed their assessment in 6 d.

Caciocavallo cheeses were also evaluated for con-
sumer liking at 30, 60, and 90 d of ripening (Kéhkénen
et al., 1996). A total of 75 consumers (46 females and
29 males) with an age ranging from 26 to 60 yr partici-
pated in the test. Each participant evaluated six 1-cm®
cheese cube samples (corresponding to the 3 ripening
times x 2 diets) in a controlled sensory analysis labora-
tory as described for QDA. For each product, consum-
ers expressed an overall liking and a liking according to
the following sensory inputs: appearance, taste/flavor,
and texture. In total each consumer expressed 4 likings
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for each product. Consumers expressed their liking on
a 9-point hedonic scale ranging from “extremely un-
pleasant” (1) to “extremely pleasant” (9) with a neutral
point corresponding to “neither pleasant nor unpleas-
ant” (5) (Kahkonen et al., 1996).

Cheese Volatile Organic Compounds Analysis

Due to the lack of samples, the volatile organic com-
pound analyses were carried out only at 30 and 60 d of
ripening. The extraction and analysis of volatile organic
compounds was performed using dynamic headspace
solid-phase microextraction and GC/MS, according to
Lee et al. (2003) and Genovese et al. (2019). The cheese
samples at —10°C were finely grated (about 1 mm), and
22.5 g were put in a 100-mL flask and then added with
25 mL of distilled water, 50 pL of 2-methyl-3-heptanone
(99% purity; Sigma-Aldrich, St. Louis, MO) as internal
standard, and 2.75 g of sodium phosphate (Sigma-
Aldrich). The analysis was performed in triplicate.

Statistical Analysis

Statistical analysis was performed by using SAS
package software version 8.1 (SAS Institute Inc., Cary,
NC). Two-way ANOVA per repeated measures (Mixed
procedure) was used to test the effect of diet on milk
yield, with diet (S and H) as non-repeated factor, day
of cheese manufacture (3 levels) as repeated factor, and
cow variance as error term. One-way ANOVA (GLM
procedure) was used to test the effect of diet (S and
H) on bulk milk composition. Data of chemical com-
position, instrumental color and texture, and volatile
compounds of cheeses were analyzed by 2-way ANOVA
(GLM procedure) to determine the fixed effects of diet
(S and H), ripening time (30, 60, and 90 d), and their
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interaction (diet x ripening). A multiple comparison of
means was performed using the Bonferroni test.

To assess the panel performance, data gathered from
QDA were subjected to ANOVA using assessor (8 lev-
els), replication (3 levels), product (6 levels = 2 diets
X 3 ripening times), and their interactions as factors.
A second ANOVA was conducted to assess the effects
of diet (S and H), ripening time (30, 60, and 90 d)
and their interaction as factors. A mixed ANOVA us-
ing assessor as random factor was conducted for the
attributes “overall odor” and odor/flavor “milk” due to
the fact that for these 2 descriptors the interactions
assessor X product and assessor x replication were sig-
nificant. Similarly, to identify the most liked product,
liking scores were analyzed by ANOVA using diet (S
and H), ripening time (30, 60, and 90 d), and their
interaction as factors.

Partial least squares discriminant analysis was cho-
sen as an exploratory technique to investigate the cor-
relation between sensory properties and volatile organic
compounds of Caciocavallo cheese in relation to diet
and ripening. Partial least squares elaboration was car-
ried out using XLStat (version 2009.3.02), an add-in
software package for Microsoft Excel (Addinsoft Corp.,
Paris, France). All data are reported as least squares
means and standard errors of means. Statistical signifi-
cance was declared at P < 0.05.

RESULTS AND DISCUSSION
Chemical Composition of Feeds, Milk, and Cheese

The main differences in chemical and nutritive
characteristics of H and S sorghum were for CP, ether
extract (higher in silage), and NDF (higher in hay;
Table 1). Moreover, as expected, the ensiling increased
nitrogen solubility so that higher values of NPN and
PS were observed for S sorghum. As known, shatter-
ing of leaves, and the resultant reduction of protein
and lipid, is usually much larger in hay-making than in
ensiling. In addition, the exposition of forage to high
temperature or dry-air during hay-making can result in
a strong lipid reduction (Glasser et al., 2013). In spite
of these potential risks, the quality of H sorghum was
relatively little affected by the harvesting practices, as
also observed by Villeneuve et al. (2013). This result
suggest that any differences between cheese character-
istics can be attributed to the preservation method per
se (i.e., fermented vs. dry forage) rather than to differ-
ent nutritional inputs. As reviewed by Coblentz and
Akins (2018), few feeding trials have actually compared
the same forage preserved as hay and silage, whereas
previous studies make it difficult to identify the effects
of forage preservation method on animal product qual-
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ity, due to the concurrence of other confounding factors
such as differences in forage species (e.g., Verdier-Metz
et al., 2005), growth stages (e.g., Borreani et al., 2007),
or nutritional characteristics as a consequence of post-
harvesting damages (e.g., Hancock and Collins, 2006).

As also reported by other authors (Verdier-Metz
et al., 1998; Martineau et al., 2007; Villeneuve et al.,
2013), the dietary treatment did not affect milk yield
(26.8 vs. 27.0 £ 0.55 kg/d, LSM + SEM respectively,
for S and H group), and milk fat (4.07 vs. 4.27 £ 0.08).
Nevertheless, milk protein was slightly but significantly
higher in H milk (3.24 vs. 3.50 £ 0.032; P < 0.01). This
result, also observed by Verdier-Metz et al. (2005), may
be due to a reduction of microbial protein synthesis in
the rumen related to the higher solubility of protein of
S sorghum (Huhtanen et al., 2003). Accordingly, Vaga
and Huhtanen (2018) observed that dried grass con-
tributed to a greater extent than ensiled grass to the
provision of ammonia for microbial protein synthesis.

Chemical composition, instrumental color, and tex-
ture of Caciocavallo cheese are given in Table 3. No
effect of diet was observed on cheese moisture that, as
expected, decreased from 30 to 90 d of ripening (P <
0.05). As in raw milk, the protein content was higher
in H cheese (P < 0.05), whereas fat content was not
affected by diet or by ripening.

A strong influence of forage preservation method on
color was found with the S cheeses presenting higher
values of lightness (P < 0.05), redness, yellowness, and
YI (P < 0.001). The main effect of ripening time was
observed for lightness that regularly decreased until 60
d, reflecting the relative moisture reduction. The YI
value significantly (P < 0.01) increased from 30 to 60 d
as a result of L decrease, whereas b* did not vary, and
a* value did not display a regular trend. No significant
effects of diet were observed for instrumental texture,
with the exception of springiness, which was signifi-
cantly higher in the S cheeses (P < 0.001). Conversely,
from 30 to 90 d, hardness, springiness, and chewiness
declined (P < 0.01), although differences between 60
and 90 d were significant only for chewiness (P < 0.05).

The cheese fatty acid composition was not influenced
by the diet (Table 4). Although no studies are currently
available about the effect of preservation methods on
cheese fatty acids, results on milk showed a small effect
(Ferlay et al., 2006; Villeneuve et al., 2013). Fatty acid
profile of Caciocavallo did not change during ripening
as also reported by Buccioni et al. (2012), Bonanno et
al. (2013), and Esposito et al. (2014).

Sensory Profile and Consumer Liking

One relevant finding to emerge from this study is
that panel training was effective as the interaction of
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Table 3. Chemical composition, and instrumental color and texture of Caciocavallo cheese (LSM £ SEM) produced using TMR based on

sorghum hay and silage during ripening'

Ripening time

30d 60 d 90 d
Item S-TMR H-TMR S-TMR H-TMR S-TMR H-TMR SEM
Chemical composition
DM, % 53.9 52.7° 63.6" 62.4" 65.6" 66.8" 5.39
Fat, % of DM 50.2 48.9 47.9 49.2 49.7 48.0 1.46
Protein, % of DM 40.2° 41.3* 40.17 41.8* 40.0" 41.24 0.30
Color
L* (Lightness) 80.60" 78.15™F 75.34"BC 76.18" 76.29°" 72.26°¢ 0.923
a* (red-green) 1.85% 0.66" 2.20" —0.34"8 0.26"™8 —2.32¢ 0.441
b* (yellow-blue) 19.26™* 15.51*C 18.79"48 17.134¢ 18.84"48 16.19¢ 0.452
Yellow index 34,1248 28.34° 35.50" 32.11"° 35.31% 32.01° 0.620
Texture
Hardness, kg 14.6* 15.0* 9.5° 10.5" 8.2" 8.9" 0.907
Springiness, mm 2.51%4 2.09%P 1.86"A8 1.76"5¢ 2.144P 1.19°¢ 0.17
Chewiness, mm /kg 15.20* 14.71* 6.58"5¢ 7.46" 4.61"¢ 4.97¢ 0.65

ACaMeans within a row with different uppercase and lowercase superscripts are significantly different at P < 0.001 and P < 0.05, respectively.
"H-TMR = diet containing sorghum hay as sole forage source; S-TMR = diet containing sorghum silage as main forage source (59% as fed).

product by replication was never significant, whereas
the interactions assessor x product and assessor X rep-
lication were only significant for the attributes “overall
odor” and odor/flavor “milk.” For these 2 attributes a
mixed ANOVA was performed, as detailed in the sec-
tion on statistical analysis of Braghieri et al. (2016).
Table 5 shows the sensory profile of cheese as affected
by diet and ripening time. All of the attributes were
influenced by the diet (P < 0.05) apart from the overall
odor and the odor/flavor “milk”; the ripening time in-

fluenced all of the attributes (P < 0.05) apart from the
overall odor and the odor/flavors “milk” and “grass”;
the interaction of diet x ripening time affected the
appearance attributes “yellow” and “uniformity” (P <
0.01), the overall flavor (P < 0.05), the taste attribute
“bitter” (P < 0.001), and the texture attribute “tender-
ness” (P < 0.01).

The intensity of the attribute “yellow” as perceived
by panelists was lower in H cheeses than in S cheeses
(P < 0.01). This result is in agreement with both our

Table 4. Fatty acid composition (% of total fatty acid) of Caciocavallo cheese (LSM 4+ SEM) produced using TMR based on sorghum hay and

silage at 30, 60, and 90 d of ripening’

Ripening time

30 d 60 d 90 d
Fatty acid S-TMR H-TMR S-TMR H-TMR S-TMR H-TMR SEM
C4:0 4.64 4.82 4.88 4.79 4.32 4.49 0.36
C6:0 3.0 2.91 3.07 3.11 2.95 3.15 0.33
C8:0 1.87 1.95 1.76 1.72 1.95 1.49 0.29
C10:0 2.59 2.77 3.05 2.80 3.01 3.96 0.49
C12:0 3.89 3.13 3.26 3.27 3.68 3.40 0.48
C14:0 12.91 12.78 13.15 12.96 13.25 12.44 0.97
C14:1 1.04 111 1.00 1.06 0.88 0.96 0.21
C15:0 1.12 1.19 1.23 1.24 0.97 1.15 0.19
C16:0 36.00 36.60 35.81 36.48 35.95 36.92 1.00
C16:1 1.62 1.59 1.60 1.49 1.63 1.59 0.13
C17:0 0.59 0.60 0.56 0.49 0.49 0.57 0.01
C17:1 0.27 0.30 0.34 0.33 0.32 0.31 0.04
C18:0 8.24 8.22 8.03 8.00 8.06 8.23 0.20
C18:1n-9 trans 0.49 0.51 0.48 0.52 0.50 0.49 0.03
C18:1n-11 trans 0.20 0.21 0.19 0.20 0.19 0.20 0.02
C18:1n-9 cis 18.31 18.28 18.28 18.45 18.44 18.36 0.37
C18:20-6 cis 2.03 1.85 1.94 1.86 2.04 2.03 0.16
C18:3n-3 0.34 0.33 0.36 0.33 0.36 0.36 0.03
CLA cis-9,trans-11 0.30 0.33 0.32 0.31 0.33 0.34 0.03
Others 0.57 0.51 0.68 0.60 0.70 0.68 0.10

"H-TMR = diet containing sorghum hay as sole forage source; S-TMR = diet containing sorghum silage as main forage source (59% as fed).
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Table 5. Perceived intensities of sensory attributes and consumer liking of Caciocavallo cheese produced using TMR based on sorghum hay and

sorghum silage at 30, 60, and 90 d of ripening’

Ripening time

30 d 60 d 90 d

Ttem S-TMR H-TMR S-TMR H-TMR S-TMR H-TMR LSD
Appearance’

Yellow 51.92" 36.04" 56.38" 42.38" 52.08" 56.29" 7.54

Uniformity 80.46° 92.13" 88.17" 84.04™ 68.08" 78.63° 6.15
Odor/flavor®

Overall odor 53.00 60.71 63.50 58.58 59.92 53.04 —

Overall flavor 44.00° 48.75" 53.75" 44.46° 65.25" 52.42" 6.94

Milk 37.46 37.54 36.33 30.67 26.04 29.00 —

Butter 20.54" 18.08° 26.13" 17.25° 34.13" 22.29" 5.61

Grass 12.83¢ 12.25¢ 19.54° 9.63¢ 18.21% 14.29% 4.78

Hay 19.13° 13.79° 19.67° 15.33° 47.29* 29.63" 6.19
Taste?

Salty 32.13¢ 22.83" 40.25° 27.50° 61.42" 49.33" 4.39

Bitter 31.08* 12.79¢ 29.00™" 24.71" 27.54" 34.38" 6.57

Umami 14.790° 12.33° 27.83" 14.46° 34.67" 26.08" 5.53
Texture?

Tenderness 75.00" 52.25% 55.13% 48.83¢ 56.50° 64.29" 7.00

Elasticity 39.38" 45.25" 39.38" 39.17° 22.21" 30.04" 9.06

Oiliness 36.75" 22.38" 24.92" 22.67" 41.58" 36.71" 7.23
Consumer liking® 5.73¢ 6.19" 6.19" 5.87" 6.08" 6.63° 0.34

*™Means within a row with different superscripts differ (P < 0.05).

"H-TMR = diet containing sorghum hay as sole forage source; S-TMR = diet containing sorghum silage as main forage source (59% as fed).

2 - .
Scores were given by an 8-member trained panel.
3Scores were given by a 75-member untrained consumer panel.

instrumental findings (Table 3) and previous studies
conducted on the effect of the diet on product quality
(Agabriel et al., 1999; Verdier-Metz et al., 2005). Color
differences in milk and cheese related to forage species
or forage preservation are due to different amounts of
carotenoids (Noziere et al., 2006). In particular, cheeses
manufactured with milk from grass silage are markedly
more yellow than those made with hay milk when the
hay is left on the ground for a long time, whereas silage
making better preserves carotenes (Coulon et al., 2004;
Noziere et al., 2006).

In agreement with Papetti and Carelli (2013), ripen-
ing determined a gradual increment of the attribute
“yellow” from 30 to 60 and 90 d (P < 0.05). Although
only partially sustained by our instrumental findings,
this result is supported by other studies showing that
the b* index (yellowness) increases during cheese ripen-
ing (El-Nimr et al., 2010; Jung et al., 2013; Nedomové
et al., 2017). These changes in color may be due to
the chemical modifications occurring during ripening,
such as proteolysis of casein, which becomes less white,
and the prevalence of reflecting components, such as
riboflavin (Johnson, 1999). Color is an important ap-
pearance attribute for food products as consumers as-
sociate certain colors with certain flavors (Wadhwani
and McMahon, 2012). In addition, color affects food
identification and may produce expectations influenc-
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ing consumers’ liking (Hutchings, 2003; Delwiche,
2004). The attribute “yellow,” however, was not differ-
ent between diet groups at 90 ripening days, possibly
because the effect of ripening prevailed on the effect of
the diet over such a long ripening period.

The other appearance attribute “uniformity” was
perceived as more intense in H cheese (P < 0.01) as a
possible consequence of the microbial activity, which
characterized the production of these cheeses. Giello et
al. (2017) in the same cheese samples observed that the
2 products were characterized by different microbiota.
Accordingly, Coppola et al. (1990) and, more recently,
Braghieri et al. (2018) observed that pasta filata cheeses
obtained with different starter cultures could be dif-
ferentiated on the basis of their visual characteristics.
“Uniformity” significantly decreased from 60 to 90 d
of ripening (P < 0.001), whereas no differences were
observed between 30 and 60 ripening days. This reduc-
tion can be attributed to the natural process of aging
involving microbial activity (formation of holes) and
leading to a lower water content (formation of cracks).
The significant diet X ripening interaction was due to
the fact that no difference was observed between the 2
diet groups at 60 ripening days.

The attribute “overall flavor” was perceived as more
intense in products S as compared with H products
(P < 0.05). In addition, most of the other flavor at-
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tributes, such as “butter,” “grass,” and “hay,” showed

higher intensities in S cheeses than in H cheeses (P
< 0.001). Conversely, in Cantal cheese, which is not a
pasta filata cheese, Verdier-Metz et al. (2005) observed
higher intensities of the flavor attributes butter, grass,
and hay when the animals were fed hay compared with
cheeses produced with milk obtained from silage-fed
animals.

Ripening significantly affected “overall flavor” (P <
0.001) and the flavor attributes “butter” and “hay,”
with higher intensities at 90 d of maturation as com-
pared with 30 and 60 d (P < 0.001). Similar results
were obtained by Fresno and Alvarez (2012) in Ma-
jorero goat cheese, whereas in Gouda cheese Jung et al.
(2013) observed a reduction of butter flavor during rip-
ening. The significant interaction diet x ripening can
be attributed to the significant gradual increase of the
“overall flavor” from 30 to 60 and 90 d of ripening in
S products (P < 0.05), whereas in H products this at-
tribute increased significantly only at 90 d as compared
with 30 and 60 d of ripening (P < 0.05). Ripening is a
very complex process involving microbiological and bio-
chemical modifications (McSweeney, 2004). Proteolysis
leads to the formation of a large number of peptides,
further degraded to small peptides and free amino acids
(FAA). Amino acid catabolism is the major process
involved in flavor formation and cheese characterization
due to specific FAA patterns (Niro et al., 2017). In ad-
dition, the characteristic aroma of ripened cheeses may
be extremely variable, due to the influence of the enzy-
matic activities of indigenous or added microorganisms
(Oliszewski et al., 2013), such as nonstarter lactic acid
bacteria (Gobbetti et al., 2015; Guarrasi et al., 2017).

As for taste attributes, “salty” (P < 0.001), “bitter”
(P < 0.05), and “umami” (P < 0.001) were perceived
with higher intensities in S cheeses than in H products.
A higher bitterness in cheeses made using milk from
silage-fed animals compared with those made from hay-
fed animals was also reported by Coulon et al. (2004).
In agreement with Fresno and Alvarez (2012) and Jung
et al. (2013), these taste attributes increased through-
out ripening (P < 0.05). As also reported for flavor
and odor, proteolysis plays a major role in determining
taste changes of the ripened cheese following a similar
microbiological degradation pattern, which leads to the
formation of smaller peptides and FAA (Fox et al., 1993;
Fallico et al., 2005). Bitterness, in particular, is linked
to the accumulation of bitter-tasting peptides deriving
from proteolysis and peptidolysis (Smit et al., 2000;
Sousa et al., 2001). The significant diet X ripening in-
teraction observed for “bitterness” can be attributed to
the fact that for S cheese the high perceived intensity of
this attribute did not change throughout the ripening
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period, whereas for H cheese it steadily increased from
low levels at 30 d to medium at 60 d and high at 90 d
of ripening (P < 0.05). This result may be explained
on the basis of the different microbiological activity
observed in the 2 cheeses, possibly more intense from
the beginning of the ripening period in S cheese.

Numerous authors noted that the perceived intensity
of both “salty” (Barlow et al., 1989; Muir et al., 1995)
and “umami” attributes (Young et al., 2004; Drake et
al., 2007) increases with increasing ripening time. This
result can be attributed to the reduction of moisture
(see Table 3) and the consequent increment of salt and
glutamate concentrations in the cheese (Fresno and
Alvarez, 2012).

Diet tended to influence “tenderness” (P < 0.10),
with higher perceived intensities in S cheeses than in
H cheese. Verdier-Metz et al. (2005), due to the dif-
ferent textural properties of the Cantal cheese, did
not record tenderness. However, these authors noted a
lower perceived melting texture in cheese manufactured
by using milk from silage-fed animals than in cheese
obtained from hay-fed cows. These authors attributed
their results to the higher proportion of low-melting-
point fatty acids detected in milk from hay-fed animals.
However, these different results are not necessarily in
contrast as in our study little differences were observed
between products in terms of fatty acid profile, whereas
a high microbial activity was observed in S cheese (Gi-
ello et al., 2017), which may have induced the softening
of the product. Cheese softening is often due to the
hydrolysis of the casein micelle by proteolysis and to
the reduction of the water-binding ability caused by
pH changes (McSweeney, 2004). The significant effects
of the ripening time and the interaction ripening time
x diet inducing unpredictable trends may be due to the
combination of the concurrent but contrasting effects
of microbiological activity and loss of water, leading to
softening and toughening, respectively.

In agreement with Fresno and Alvarez (2012), elas-
ticity decreased with ripening time (P < 0.001), sup-
porting instrumental results (Table 3). Gwartney et al.
(2002) attributed this effect to the higher fat content of
ripened cheeses, although a reduced water content may
have also played a role.

Oiliness showed higher perceived intensities in S
cheese as compared with H products (P < 0.001), al-
though no significant differences in fat content were
observed between chemical composition of H and S
cheeses. However, as stated for other attributes, the
higher microbial activity observed in S products (Giello
et al., 2017) may have affected this result. As observed
in previous studies (e.g., Everard et al., 2006), oiliness
perception was also affected by ripening with a pro-
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gressive increase from 30 to 90 d (P < 0.001); again
microbial activity and lipid oxidation may have played
a role.

All of the 6 products were characterized by a good
eating quality as they were all rated well above the
neutral point (5, corresponding to neither pleasant nor
unpleasant) of the assessment scale. Consumer liking
(Table 5) was affected by ripening time and ripening
time x diet (P < 0.05), whereas it only tended to be
affected by diet (P < 0.10). Higher liking levels were
observed for products ripened for 90 d, as compared
with cheese ripened for 30 and 60 d (P < 0.05), whereas
liking tended to be higher for cheese obtained from hay-
fed cows (P < 0.10). Although process characteristics
may have a marked effect on pasta filata cheese liking
(Braghieri et al., 2015, 2018), previous studies failed
to detect differences in consumer liking for pasta filata
cheeses obtained from different management, including
feeding (Esposito et al., 2014) and dietary treatments
(Uzun et al., 2018a). However, these results are not
necessarily in contrast with ours, as in the Esposito
et al. (2014) study silage was not included in any of
the dietary treatments, whereas in Uzun et al. (2018a)
silage was included in all dietary treatments, and silage
is known to have a marked impact on cheese sensory
properties (Coulon et al., 2004). The significant effect of

the interaction ripening time x diet may be attributed
to the different effect of ripening on S and H cheeses.
In particular, in S cheese liking increased from 30 to 60
d of ripening (P < 0.05), with no further changes at 90
d. Conversely, in H cheese no differences were observed
between 30 and 60 d of ripening, whereas a significant
increment of liking was observed at 90 d, when product
H was scored as the most liked, in comparison with the
same cheese ripened 30 and 60 d (P < 0.05).

Volatile Compounds

The GC/MS analysis allowed the identification of
21 different volatiles in cheese (Table 6). For all the
samples the most abundant volatile compounds were
acids and ketones, followed by esters, alcohols, alde-
hydes, and hydrocarbons.

Whereas a-pinene was identified only in the H
cheeses, higher levels of 2,3-butanedione, 2-heptanone
(P < 0.05), 3-hydroxy-2-butanone, hexanoic acid, and
octanoic acid (P < 0.001) were found the S cheeses at
both ripening times.

A large quantity of volatile compounds was produced
during ripening, so that acetone and 2-ethyl-1-hexanol
were higher in 60-d ripened cheeses as well as the ac-
ids (i.e., acetic acid, butanoic, hexanoic, octanoic, and

Table 6. Headspace concentrations (ug/kg) of volatile compounds determined in Caciocavallo cheese produced using TMR based on sorghum

hay and sorghum silage after 30 and 60 d of ripening’'

Ripening time

30 d 60 d
Chemical group Compound S-TMR H-TMR S-TMR H-TMR SEM
Ketones Acetone 40.22° 53.947 108.73° 186.32" 52.25
2,3-Butanedione 30.48" 24.23" 32.98" 24.06" 10.52
2-Pentanone 147.67 139.56 124.07 133.38 45.6
3-Hydroxy-2-butanone 517.54% 328.01°¢ 421.64¢ 286.41° 80.58
2-Hydroxy-3-pentanone 32.82° 41.26 29.01" 30.48" 9.37
2-Heptanone 93.08" 67.61° 81.11% 55.5° 18.07
2-Nonanone 22.41% 17.5" 21.08* 14.17° 5.68
Acids Acetic acid 83.68" 63.29" 137.748 193.764 58.35
Butanoic acid 490.92° 368.65" 735.84% 789.53" 139.04
Hexanoic acid 397.08° 143.37¢ 616.16* 333.64° 85.32
Octanoic acid 43.85" 15.47°¢ 74.06* 39.4" 12.15
Decanoic acid 7.13 NF? 13.42 9.57 5.42
Esters Ethyl acetate 31.67" 40.05" 56.03" 62.03" 20.57
Propyl acetate 17.23" 17.52% 41.21° 23.73" 18.67
Alcohols 1-Butanol 11.98* 6.55" 5.02" NF 4.93
2-Ethyl-1-hexanol NF NF 52.52 43.4 16.88
2.3-Butanediol 27.64 18.73 NF NF 8.11
Aldehydes Heptanal 35.44 32.49 22.78 26.17 15.08
Nonanal 18.14% 19.18" 21.26" 28.56% 4.30
Others «a-Pinene NF 5.87 NF 6.74 5.28
Hexane 56.39% 52.294 36.13P 18.45" 22.89

A-GaMeans within a row with different uppercase and lowercase superscripts are significantly different at P < 0.001 and P < 0.05, respectively.
'"H-TMR = diet containing sorghum hay as sole forage source; S-TMR = diet containing sorghum silage as main forage source (59% as fed).

*NF = compound not found.
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decanoic) possibly as an effect of lipolytic action. For
2-nonanone, propyl acetate, and nonanal, the effect of
ripening was different for S and H cheeses.

Although comparisons with the existing literature
may be difficult due to differences in analytic tech-
niques, cheese-making procedures, indigenous micro-
flora, and ripening length and conditions (Ferndndez-
Garcia et al., 2002; Stefanon and Procida, 2004), our
results are in line with those reported by Stefanon and
Procida (2004) in Montasio cheese. These authors noted
limited effects of silage feeding on aldehydes, whereas
ketones were influenced by diet and ripening. Ketones
originate from AA degradation (Barbieri et al., 1994;
Urbach, 1997) and are important components of cheese.
Therefore, their higher content may have negatively af-
fected the liking of S cheese as also observed by Moio
et al. (1993). The pine note of a-pinene was lacking in
S cheese, while being a key compound of H cheese. The
a- and (3-pinenes are common terpenes of the forages
and their level in milk and cheeses is higher if lactat-
ing cows are fed natural pastures or hay rather than
silage fodder, as in silage terpenes decline due to the

bioconversion in other compounds operated by micro-
organisms involved in the fermentation (Kala¢, 2011).
Nevertheless, Verdier-Metz et al. (1998) and Stefanon
and Procida (2004) failed to find an effect of silage
feeding on a-pinene.

Relationship Between Volatile Compounds
and Sensory Properties

Figure 1 shows the partial least squares regression
analysis between sensory attributes and volatile com-
pounds of cheeses. Partial least squares analysis al-
lowed a good separation between S and H cheeses along
the first axis, whereas cheeses ripened 30 and 60 d
were separated along the second axis (Figure 1). Silage
feeding and 60-d ripening induced the formation of a
higher number of volatile compounds than hay feeding
and 30 d of ripening. The sorghum silage Caciocavallo
ripened for 60 d showed “overall flavor,” the odor/
flavor attributes “butter,” “hay,” and “grass,” and vola-
tile compounds such as octanoic acid, decanoic acid,
2-pentanone, 2,3-butanedione, and propyl acetate. The

Correlations on axes t1 and t2
1
butanoic acid
® 2-ethyl-1-hexanol
0.75 octan.glc acid ethyl acetate .acetone
decanoic acid = acetic acid
overall flavor e hexanoic &cid
[ ]
05 n S-60 nonanal
propyl acetate " »
-60
0.25 mH-60
hay 2,3-butanedione mH-60
® S.60 uH-60
|
Z-Qentanone
Ny 0 u
e 2-nonanone S-30
® 2-heptanone :
3-hydr.oxy-2-butanone = H-30 a-pinene
-0.25 °
= H-30
S-30lS 3
hexane ° wH-30
-0.5 . heptanal
o 2-hydroxy-3-
1-butanol pentanone
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-0.75
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Figure 1. Partial least square analysis for the selected GC/MS volatiles and the sensory odor descriptors. S-60 = sorghum silage Caciocavallo
ripened for 60 d; S-30 = sorghum silage Caciocavallo ripened for 30 d; H-60 = sorghum hay Caciocavallo ripened for 60 d; H-30 = sorghum hay

Caciocavallo ripened for 30 d.
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sorghum silage Caciocavallo ripened for 30 d exhibited
the odor/flavor attribute “milk,” the texture attribute
“oiliness,” and volatile compounds such as 2-nonanone,
2-heptanone, 3-hydroxy-2-butanone, hexane, 1-butanol,
heptanal, 2-hydroxy-3-pentanone, and 2,3-butandiol.
In particular, the “butter” note seems to be correlated
to 2,3-butandione (diacetyl), the attribute “milk” to
3-hydroxy-2-butanone, and the texture “oiliness” to
2-heptanone and 2-nonanone. The H cheeses are lo-
cated along the positive end of the first axis and are
separated by the second axis according to the ripening
period. The H cheese at 60 d of ripening was correlated
to “overall odor,” acetic acid, butanoic acid, hexanoic
acid, acetone, 2-ethyl-1-hexanol, and nonanal, whereas
at 30 d it was characterized by a-pinene and 2-hydroxy-
3-pentanone.

CONCLUSIONS

Even if the use of ensiled forage did not affect the
chemical composition and fatty acid profile of Cacio-
cavallo cheese, several volatile compounds and sensory
characteristics changed according to the forage preser-
vation method and the ripening time. Ripening induced
increased levels of the appearance attribute “yellow-
ness,” along with the “overall flavor,” the odor/flavor
attributes “butter” and “hay,” the “salty,” “bitter,” and
“umami” tastes, and the texture attribute “oiliness,”
whereas the appearance attribute “uniformity” and the
texture attribute “elasticity” were reduced. A silage-
based diet induced higher perceived intensity of several
attributes such as “yellowness” appearance, “overall
flavor,” “butter,” “grass” and “hay” odor/flavors,
“salty,” “bitter” and “umami” tastes, “tenderness,” and
“oiliness” textures. In S cheese we also observed higher
amounts of ketones and acids. Conversely, H cheese
showed the terpene a-pinene, which was not detected
in S cheese, and a higher intensity of the appearance
attribute “uniformity.” These differences allowed the
trained panel to discriminate the products and deter-
mined an increased consumer liking for hay cheese at 30
and 90 d of ripening, thus supporting a differentiation
marketing strategy for Caciocavallo cheese sold with
the TSG label “Haymilk.”
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