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Fatty acids (FAs), tocopherols and retinoids were analysed in rawmilk and cheese from six commercial
sheep flocks monitored from early lactation in winter to late lactation in summer. In winter, animals
received concentrate and forage indoors; in early spring, animals grazed part-time on cultivated or
natural valley grasslands; and frommid spring on, animals were kept outdoors constantly onmountain
natural pastures. Mountain grazing in late lactation significantly increased the amount of healthy de-
sirable unsaturated FAs such as C18:1t11 (VA), C18:2c9t11 (RA), C18:2t11c13, C18:3c9c12c15 (ALA)
and C20:5c5c8c11c14c17 (EPA), and those of α-tocopherol and α-tocotrienol of milk and cheese.
Stepwise discriminant analysis was applied to classify cheese samples according to seasonal
feeding management. The multivariate approach was able to discriminate beyond doubt mountain
cheeses from those of indoor feeding and part-time valley grazing.
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Studies on influence of feeding management on milk com-
position have mostly been conducted with experimental
flocks in which main factors such as animal condition and
physiology, lactation stage, indoor feeding type, or grazing
management are under control (Atti et al. 2006; Ostrovský
et al. 2009). Studies made with commercial flocks are very
scarce in the scientific literature. On-farm investigations
provide data from the real context of commercial flocks
with uncontrolled factors in contrast to experimental farms.
Thus, effects of lactation, season and feeding management
are inseparably associated, and it is not possible to have a
commercial control flock to dissociate those effects as done
in experimental trials (Collomb et al. 2008; Abilleira et al.
2009; Revello-Chion et al. 2010). Nevertheless, despite
this handicap, on-farm studies are necessary to know real
situations in-depth and to determine the extent to which
experimental results translate to a commercial flock.

Milk fat composition is strongly influenced by animal
feeding and different lipid compounds have been reported

to characterise milk and cheese from grazing ruminants
(Morand-Fehr et al. 2007; Povolo et al. 2012). Some of
these compounds such as tocopherols come directly from
the pasture whereas others, such as FAs and retinol, are
products of animal and/or ruminant metabolism. Most
papers on sheep grazing reported that fresh pasture intake
lowered the saturated FA content of milk fat, whereas that
of some unsaturated FAs such as C18:1t11 (VA),
C18:2c9t11 (RA), C18:2t11c15 and C18:3c9c12c15 (ALA)
increased (Atti et al. 2006; Abilleira et al. 2009; Revello-
Chion et al. 2010). The accumulation of above-mentioned
unsaturated FAs in milk fat increases the nutritional quality
of milk and cheese from grazing animals because they are
claimed to have potential antiatherogenic, antiobesity and
anticarcinogenic properties for human health (Pintus et al.
2013). Studies on fat-soluble antioxidants (tocopherols and
retinoids) present in sheep milk are scarce in the scientific
literature, reporting higher content of vitamin E and A in
milk fat from grazing animals than in that from indoor
feeding based on concentrate and forage (Hulshof et al.
2006; Delgado-Pertíñez et al. 2013).

This work focuses on the Latxa sheep breed management
system used in the east region of the Cantabrian area*For correspondence; e-mail: luisjavier.rbarron@ehu.es
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(Northern Spain). Seasonal feeding changes during lactation
range from indoor feeding in winter (early lactation), part-
time grazing in spring (mid lactation) and extensive moun-
tain grazing in summer (late lactation). In particular, the
study analyses changes in FA and fat-soluble antioxidant
composition of milk and cheese from commercial flocks
with those seasonal feeding regimes.

Materials and methods

Commercial flocks and feeding management

Six commercial flocks of Latxa dairy breed were selected. All
flocks were ascribed to the Protected Denomination of
Origin (PDO) Idiazabal cheese (Basque Country Region in
Northern Spain) and had 200–500 lactating ewes during
the study period. Suckling lambs were weaned at 30 d,
and milking period extended from February (early lactation)
to late June (late lactation). All the shepherds followed the
same feeding strategy that consisted of concentrate and
conserved forages (alfalfa and grass hay) from February to
mid- March, and part-time grazing with supplementation
of concentrate and forage from late March to late April.
From May on, flocks were moved to mountain farms
located in the Aralar Natural Park (42°59′48″N and 2°06′
51″W) which is an 11 000 ha protected zone. In this moun-
tain park, grasslands are traditionally divided without phys-
ical artificial boundaries into different grazing areas, some of
which were used independently by each commercial flock.
Around 20 PDO Idiazabal flocks are moved every year
to these mountain pastures and shepherds make cheese in
mountain farms. The six commercial flocks participating in
this study were selected looking for representativeness of
different grazing areas of the Aralar Natural Park.

Each farmhouse purchased different concentrate formula-
tions and conserved forages from local suppliers, and some
of the shepherds prepared the forages themselves. For
indoor feeding, ewes were given 400 to 1500 and 500 to
4000 g/d/ewe of concentrate and forage in fresh matter, re-
spectively, varying from 0·2 to 3·0 the concentrate/forage
ratio used by each shepherd. For part-time grazing shep-
herds allowed ewes to graze up to 8 h/d depending on
weather conditions. Pastures were either cultivated private
grasslands where ryegrass (Lolium perenne) and white
clover (Trifolium repens) were predominant, or non-culti-
vated community-owned grasslands. The pasture compos-
ition of such community-owned grasslands consisted of
herbaceous species such as Trifolium repens, Festuca
rubra and Agrostis capillaris, with other non-graminoid
plants and some shrubs (Mandaluniz et al. 2009). For moun-
tain grazing, the commercial flocks were allowed to graze
all day and animals were kept outdoors overnight. The vege-
tation type and abundance of botanical species of the moun-
tain grazing areas of Aralar Natural Park was previously
reported (Mendizabal, 2009). Jasiono-Danthonietum grass-
land (code 6230, subtype a) was the most abundant vegeta-
tion unit in the mountain grazing areas, showing high plant

biodiversity with over 30 different botanical families of
which Poaceae, Fabaceae, Juncaceae and Asteraceae
were the major ones. Farmhouses and valley pastures
were located at an altitude of 200 to 400 m whereas moun-
tain farms and grazing areas were located at around 1000
m. Weather conditions were rather similar for all locations
of the farms participating in this study. The study was
carried out in 2011, and average monthly temperatures
from February to April were 9·0, 10·7 and 15·2 °C and accu-
mulated rainfall records were 145·4, 117·8 and 91·1 l/m2,
respectively. During grazing period in Aralar mountain
grasslands, average monthly temperatures from May to
June were 11·3 and 12·0 °C and accumulated rainfall
records were 67·9 and 76·8 l/m2, respectively (Euskalmet,
2011).

Milk and cheese sampling

Ewes were milked twice a day. During the indoor and the
part-time valley grazing period automatic milking
machines, automatic vats, and controlled ripening cham-
bers were used. During the mountain grazing period, only
two flocks were milked using automatic machines, and
manual vats and ripening chambers without temperature
and relative humidity control were used. All cheeses were
manufactured according to the PDO Idiazabal guidelines
(Ministerio de Agricultura, Pesca y Alimentación, 1993)
with the milk from their own flocks in only one vat (200–
600 l).

Raw bulk milk samples from each commercial flock were
taken in mid-February (indoor feeding), mid-April (part-time
valley grazing), early June (early mountain grazing) and late
June (late mountain grazing). For each sampling, milk
samples (1·5 l) were taken from vats on two different days
of consecutive weeks (8 milk samples from each flock). Dry
matter (DM) mean percentage (by weight) was 18·93 ±
0·72, and total fat and protein mean percentages in DM
were 41·07 ± 5·95 and 48·50 ± 3·46, respectively.
Commercial cheeses (∼1·5 kg) were manufactured with the
same bulk milk as was sampled, and one cheese was ran-
domly collected per vat after 150 d of ripening (8 cheeses
from each flock). All milk samples and cheeses were trans-
ported to the laboratory in portable coolers on ice. Once in
the laboratory, aliquots of whole milk of each sample were
stored in 50-ml screw-capped plastic pots at −80 °C and
cheeses were cut in sections (∼200 g), vacuum-packed and
frozen at −35 °C, until analysis. DM mean percentage of
cheeses was 67·32 ± 3·83, total fat and protein mean percen-
tages in DMwere 51·42 ± 7·18 and 49·44 ± 1·87, respective-
ly. DM of milk and cheese was determined as described (IDF,
1962, 2004).

FA analysis

Fat was extracted frommilk and from finely grated cheese as
described previously (Secchiari et al. 2003). Fat extractswere
dissolved in chloroform (⩾99·8% purity, Sigma-Aldrich,
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Milan, Italy) and FA methyl esters (FAMEs) were prepared
with an acid-base-catalyzed transesterification (Christie,
1982; Kramer et al. 1997). Prior to transesterificacion, n-tri-
cosanoic acid (C23; ⩾99% purity; Sigma-Aldrich, St. Louis,
USA) was added to the fat extract as internal standard.
FAMEs were separated as described by Buccioni et al.
(2010) on a CP-Select CB (Varian, Middelburg, The
Netherlands) capillary column (100 m × 0·25 mm; 0·20 µm
film thickness) installed in a CP-3800 gas chromatograph
(Varian) equipped with a flame ionisation detector. FAMEs
were identified by comparing their retention times with
those of the standard mixture 37 Component FAME Mix
(Supelco, Bellefonte, USA). Individual FAME analytical stan-
dards (⩾90% purity) of C18:1t9, C18:1t10, VA, C18:1t12,
C18:1t13 (Supelco), RA, C18:2t11c15 and C18:2t10c12
(Matreya, Pleasant Gap, USA), and previously published
isomeric profiles in ruminant fats (Kramer et al. 2004)
were used to identify trans C18:1 and conjugated C18:2
isomers. Quantification was done using the internal calibra-
tion method for each of the FAs found in the samples.
Response factors relative to internal standard were
calculated for FAME standards solutions in the range of
0·005–0·2 mg/ml.

Geometrical and positional isomers of conjugated lino-
leic acid (CLA) were also separated by HPLC as previously
described (Buccioni et al. 2010) on a ChromSpher (Agilent,
Santa Clara, USA) silver ion stainless steel column (25
cm × 4·6 mm; 5 µm particle size) using a 410 autosampler
and a 210 solvent delivery pump module (Varian) coupled
to an ultraviolet light detector (model 325, Varian). Major
CLA isomers were identified by comparing their retention
times with those of CLAs mix standard (RA and
C18:2t10c12; Sigma-Aldrich) and to identify other CLA
isomers their retention times were compared with pub-
lished CLA isomeric profiles (Kramer et al. 2004). The
amount of CLA isomers was estimated based on their
area percentage of total CLA HPLC peaks and the
amount of RA calculated by GC. The concentrations of
FAs in milk and cheese samples were expressed as
mmol/100 g of DM. The atherogenicity index (AI) was cal-
culated as the content ratio of saturated FAs/unsaturated
FAs using the following formula (adapted from Ulbricht &
Southgate, 1991):

AI ¼ ðC12þ 4 × C14þ C16Þ
UFA� ½ðtMUFA� VAÞ þ ðCLA� RAÞ�

where UFA was the total content of unsaturated FAs, tMUFA
was the total content of trans monounsaturated FAs (C18:1),
and CLA, the total content of conjugated linoleic acid
isomers.

Tocopherol and retinoid analysis

Tocopherols and retinoids were simultaneously extracted
from 1 ml milk without saponification as previously
described (Moltó-Puigmartí et al. 2009), and from 500 mg
grated cheese using solid-liquid extraction and saponified

as described (Panfili et al. 1994). Tocopherols were ana-
lysed on a Zorbax RX-SIL column (25 cm × 4·6 mm, 5 µm
particle size) (Agilent) in a 2695 Alliance HPLC separation
module (Waters, Milford, USA) coupled to a fluorescence
detector (model 474, Waters) as previously described
(Valdivielso et al. 2015). For retinoid analysis, a separate
injection of the extract was done using a gradient elution
of n-hexane/2-propanol (HPLC grade, Teknokroma, Barce-
lona, Spain) from 99·8/0·2 to 95/5 (v/v) for 25 min. Fluores-
cence detection wavelengths for retinoids were set at 325
nm for excitation and 475 nm for emission. Tocopherols
and retinoids were identified by comparing their retention
times with those of high purity standards (⩾90%; Sigma-
Aldrich), or tentatively identified by comparison with litera-
ture data (Lampi, 2011). Some peaks were identified as
compounds with retinoid chemical structure according to
their response to excitation and emission fluorescence
wavelengths. Quantification was done by external calibra-
tion method using calibration curves for standards solutions
of α-, β-, γ- and δ-tocopherol analysed in concentrations
from 0·025 to 10 µg/ml, and solutions of retinol and
retinyl palmitate, in concentrations from 0·01 to 10 µg/ml.
The concentrations of tentatively identified α- and β-toco-
trienol, and those of peaks identified as compounds with
tocol or retinoid chemical structure were estimated using
the calibration curve of the standard with the nearest reten-
tion time. The concentrations of tocopherols and retinoids
in milk and cheese samples were expressed as μmol/100
g of DM.

Data treatment and statistical analysis

Three significant figures were used to express (mean and
standard deviation) the composition of FAs and fat-soluble
antioxidants in milk and cheese samples. Molar concentra-
tion units instead of weight units were used because all
chemical, biochemical and physiological reactions occur
under molar ratios. SPSS IBM Statistics software version
21·0 (New York, USA) was used for statistical analysis.
Analysis of variance (ANOVA) was used to determine the
presence or absence of significant differences (P⩽ 0·05) in
the chemical composition of milks and cheeses from the
commercial flocks managed with different seasonal
feeding regimes during lactation. Mixed linear model in-
cluding ‘season’ (fixed effect) nested within ‘flock’
(random effect) was used. F-test of the ‘season’ against the
interaction ‘season × flock’ was used when the interaction
term was significant (P⩽ 0·05). Four groups of samples
were compared on the ‘season’ factor: indoor feeding,
part-time valley grazing, early mountain grazing, and late
mountain grazing. Pairwise comparisons using the esti-
mated marginal means for the different groups were
carried out by Fisher’s Least Significant Difference (LSD)
test (P⩽ 0·05). A stepwise discriminant analysis was
applied to all analytical variables (FAs, tocopherols and reti-
noids) to classify cheese samples from the different feeding
regimes.
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Table 1. Seasonal changes in the fatty acid (FA) composition (mmol/100 g of DM) of milks from six commercial sheep flocks following the
same seasonal feeding pattern during the lactation period

Milk sampling dates and feeding regimes

Mid-February Mid-April Early-June Late-June

Indoor feeding Part-time valley grazing Early mountain grazing Late mountain grazing

C4† 12·0 ± 0·460a 9·84 ± 1·04b 9·23 ± 0·613b 9·74 ± 1·42b

C6† 9·06 ± 0·958a 7·50 ± 0·718b 6·08 ± 0·502c 6·49 ± 0·733c

C8† 7·04 ± 0·889a 5·82 ± 0·564b 4·37 ± 0·392c 4·64 ± 0·535c

C9† 0·19 ± 0·0540a 0·185 ± 0·0456a 0·104 ± 0·0313b 0·115 ± 0·0278b

C10† 16·3 ± 2·93a 13·8 ± 1·39b 10·1 ± 1·00c 10·8 ± 1·29c

C10:1 0·579 ± 0·125a 0·521 ± 0·0635b 0·438 ± 0·0656c 0·437 ± 0·0611c

C11† 0·143 ± 0·0366a 0·139 ± 0·0259a 0·0858 ± 0·0274b 0·0805 ± 0·0237b

Short chain FA 45·3 ± 5·45a 37·8 ± 3·84b 30·5 ± 2·63c 32·3 ± 4·09c

C12† 7·69 ± 1·71a 6·61 ± 0·685b 5·20 ± 0·385c 5·48 ± 0·614c

C12:1 0·0988 ± 0·0369 0·0974 ± 0·0269 0·0721 ± 0·0176 0·0821 ± 0·0329
iso C13† 0·0754 ± 0·0192 0·0733 ± 0·0251 0·0698 ± 0·0102 0·0871 ± 0·0248
anteiso C13† 0·0551 ± 0·0186 0·0491 ± 0·0144 0·0445 ± 0·0108 0·0474 ± 0·0129
C13† 0·149 ± 0·0310 0·131 ± 0·0143 0·126 ± 0·0127 0·123 ± 0·0226
Iso C14† 0·283 ± 0·0867 0·296 ± 0·0460 0·339 ± 0·0473 0·340 ± 0·0581
C14† 16·1 ± 2·76 14·6 ± 1·43 14·3 ± 0·935 15·0 ± 1·59
C14:1† 0·283 ± 0·0867 0·296 ± 0·0460 0·339 ± 0·0473 0·340 ± 0·0581
iso C15† 0·528 ± 0·0799b 0·522 ± 0·0798b 0·623 ± 0·0660a 0·700 ± 0·0895a

anteiso C15† 0·979 ± 0·135 0·933 ± 0·0798 1·026 ± 0·0909 1·01 ± 0·155
C15† 1·52 ± 0·181 1·47 ± 0·183 1·55 ± 0·0775 1·61 ± 0·221
iso C16† 0·508 ± 0·0883a 0·413 ± 0·0543b 0·432 ± 0·0226b 0·443 ± 0·056b

C16† 33·4 ± 4·53 29·3 ± 3·06 29·4 ± 1·70 31·2 ± 2·99
C16:1c9† 1·02 ± 0·242 1·02 ± 0·147 1·17 ± 0·0950 1·24 ± 0·168
iso C17† 0·606 ± 0·0577 0·546 ± 0·0768 0·632 ± 0·0417 0·643 ± 0·0818
anteiso C17† 0·672 ± 0·0660 0·573 ± 0·0792 0·648 ± 0·0479 0·628 ± 0·0798
C17† 0·788 ± 0·0810b 0·701 ± 0·107b 0·939 ± 0·0971a 0·938 ± 0·108a

C17:1† 0·278 ± 0·0553b 0·264 ± 0·0380b 0·347 ± 0·0316a 0·377 ± 0·0574a

Medium chain FA 65·1 ± 10·3 57·9 ± 6·20 57·2 ± 3·74 60·3 ± 6·42

iso C18† 0·0716 ± 0·0188 0·0649 ± 0·0168 0·0860 ± 0·0229 0·0826 ± 0·0208
C18† 15·7 ± 2·18 14·01 ± 1·67 14·5 ± 1·405 15·4 ± 1·64
C18:1c9† 24·9 ± 3·18 22·6 ± 2·53 24·4 ± 1·55 26·8 ± 2·93
C18:1c11 0·437 ± 0·125 0·420 ± 0·0957 0·348 ± 0·0350 0·346 ± 0·0517
C18:1c12 0·521 ± 0·0858 0·441 ± 0·0794 0·553 ± 0·0270 0·584 ± 0·0740
C18:1c13+t15 0·230 ± 0·0383a 0·191 ± 0·0534b 0·170 ± 0·0299b 0·163 ± 0·0357b

C18:1c14+t16 0·187 ± 0·0255 0·168 ± 0·0220 0·171 ± 0·0153 0·183 ± 0·0493
C18:1c15 0·688 ± 0·150 0·675 ± 0·0866 0·661 ± 0·0742 0·649 ± 0·0849
C18:1t6-8 0·211 ± 0·0388b 0·208 ± 0·0435b 0·227 ± 0·0357ab 0·252 ± 0·0476a

C18:1t9† 0·408 ± 0·0666 0·371 ± 0·0608 0·431 ± 0·0366 0·458 ± 0·0494
C18:1t10 0·392 ± 0·0585 0·371 ± 0·104 0·332 ± 0·0345 0·341 ± 0·0591
C18:1t11 (VA)† 2·42 ± 1·27b 3·00 ± 0·556b 4·20 ± 0·587a 4·01 ± 0·832a

C18:1t12† 0·403 ± 0·0865 0·377 ± 0·0685 0·337 ± 0·0444 0·339 ± 0·0395
C18:2c9c12 (LA)† 2·92 ± 0·557a 2·33 ± 0·391b 2·38 ± 0·159b 2·51 ± 0·267b

C18:2c9t11 (RA)† 1·34 ± 0·689c 1·78 ± 0·355b 2·54 ± 0·312a 2·48 ± 0·472a

C18:2t9c12† 0·0616 ± 0·0218 0·0600 ± 0·0141 0·0771 ± 0·0180 0·0695 ± 0·0129
C18:2t11c15† 0·616 ± 0·283b 0·718 ± 0·102b 0·939 ± 0·152a 0·995 ± 0·212a

C18:3c6c9c12 (GLA)† 0·123 ± 0·0234a 0·0900 ± 0·0234b 0·0854 ± 0·0177b 0·0911 ± 0·0177b

C18:3c9c12c15 (ALA)† 1·36 ± 0·293b 1·47 ± 0·249b 2·04 ± 0·180a 2·12 ± 0·300a

C18:4c6c9c12c15 0·138 ± 0·0493b 0·125 ± 0·0318b 0·227 ± 0·0511a 0·220 ± 0·0654a

C20† 0·338 ± 0·0638b 0·278 ± 0·0450b 0·374 ± 0·0371a 0·389 ± 0·0535a

C20:1c11† 0·0562 ± 0·0198 0·0409 ± 0·0115 0·0492 ± 0·0169 0·0428 ± 0·0127
C20:3c8c11c14† 0·197 ± 0·0411 0·163 ± 0·0174 0·189 ± 0·0299 0·212 ± 0·0244
C20:3c11c14c17† 0·00376 ± 0·0125b 0·00906 ± 0·0212b 0·0441 ± 0·0289a 0·0403 ± 0·0320a

C20:4c5c8c11c14† 0·0474 ± 0·0354 0·0492 ± 0·0129 0·0404 ± 0·0156 0·0577 ± 0·0198
C20:5c5c8c11c14c17 (EPA)† 0·133 ± 0·0371c 0·131 ± 0·0163c 0·187 ± 0·0267b 0·203 ± 0·0409a

C21 0·0897 ± 0·0180 0·0951 ± 0·0170 0·109 ± 0·0164 0·112 ± 0·0227
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Results and discussion

FAs in milk and cheese

Table 1 shows the FA composition of milk samples from
commercial flocks during the lactation period with different
feeding regimes. C16, C18:1c9, C14 and C18 were the
major FAs (with individual percentages higher than 9·5%
of total FAs), and showed unchanged content (P > 0·05)
among milks with different feeding regime. The content of
most individual short-chain FAs (C4–C11) was lower (P⩽
0·05) in mountain milks than in milks from indoor feeding
or under part-time valley grazing. Among straight even-
numbered saturated FAs, the content of C12 was lower
(P⩽ 0·05) in mountain milks than in indoor feeding and
part-time valley grazing milks, whereas the opposite oc-
curred for the content of C20 and C22 (Table 1). Among
straight odd-numbered saturated FAs, the content of C17
was higher (P⩽ 0·05) in mountain milks than in indoor
feeding and part-time valley grazing milks. Likewise, a con-
siderable increase was observed in the content of iso C15,
the only odd branched-chain saturated FA significantly
affected by seasonal feeding changes. As a result of the
above-mentioned changes, the total content of saturated
FA was lower (P⩽ 0·05) in milks from grazing sheep than
in milks from indoor feeding. The content of total unsatur-
ated and monounsaturated FAs did not change significantly

in the milks from sheep with different feeding regimes,
mainly due to the constant content of C18:1c9 in the milk
samples (Table 1). The concentration of total transmonoun-
saturated and polyunsaturated FAs was higher (P⩽ 0·05) in
mountain milks compared to indoor feeding milk. VA was
the major trans monounsaturated FA in all milk samples
and its content was considerably higher in mountain milks
than in indoor feeding or part-time valley grazing milks.
Major polyunsaturated FAs in all milk samples showing per-
centages over 0.5% of the total FAs were C18:2c9c12c15
(LA), ALA, RA and C18:2t11c15. As observed for VA, the
content of RA and C18:2t11c15 were higher (P⩽ 0·05) in
mountain milks than in indoor feeding or part-time valley
grazing milks. On the contrary, the content of LA was
slightly lower (P⩽ 0·05) in milks from grazing animals
than in indoor feeding milk. The content of some individual
polyunsaturated FAs with more than three double bonds
significantly increased in mountain milks, particularly
C20:5c5c8c11c14c17 (EPA) and C22:6c4c7c10c13c16c19
(DHA) (Table 1). Due to the above-mentioned changes, the
n-3/n-6 FA ratio increased significantly when sheep grazed
on mountain pastures, whereas the opposite occurred for
the atherogenicity index value (Table 1).

Table 2 shows the FA composition of 150 d ripened
cheeses made with milks from the commercial sheep flocks
with different feeding regimes. The FA profile (in relative

Table 1. (Cont.)

Milk sampling dates and feeding regimes

Mid-February Mid-April Early-June Late-June

Indoor feeding Part-time valley grazing Early mountain grazing Late mountain grazing

C22† 0·133 ± 0·0212b 0·130 ± 0·0187b 0·174 ± 0·0214a 0·172 ± 0·0299a

C22:6c4c7c10c13c16c19 (DHA)† 0·091 ± 0·0333b 0·0730 ± 0·0321b 0·133 ± 0·0212a 0·152 ± 0·0310a

C24† 0·0660 ± 0·0225 0·0601 ± 0·0149 0·0786 ± 0·0145 0·0733 ± 0·0219
Long chain FA 54·3 ± 9·54 50·5 ± 6·76 56·1 ± 5·02 59·6 ± 7·54

OCFA 6·16 ± 0·827 5·71 ± 0·787 6·32 ± 0·562 6·43 ± 0·927
BCFA 3·78 ± 0·568b 3·48 ± 0·473b 3·90 ± 0·368ab 3·98 ± 0·579a

OBCFA 2·92 ± 0·375 2·70 ± 0·356 3·04 ± 0·268 3·11 ± 0·445
SFA 124 ± 17·6a 108 ± 11·5b 101 ± 7·63b 106·3 ± 11·9b

UFA 40·2 ± 7·76 38·0 ± 5·30 43·1 ± 3·76 45·8 ± 6·13
MUFA 33·1 ± 5·68 31·0 ± 4·03 34·3 ± 2·75 36·7 ± 4·64
C18/C18:1c9 0·631 ± 0·0569 0·621 ± 0·0354 0·595 ± 0·0362 0·575 ± 0·0443
tMUFA 3·83 ± 1·52b 4·33 ± 0·833b 5·52 ± 0·738a 5·40 ± 1·03a

PUFA 7·03 ± 2·08b 7·00 ± 1·27b 8·89 ± 1·02a 9·13 ± 1·49a

VLPUFA 0·470 ± 0·092c 0·432 ± 0·052c 0·581 ± 0·050b 0·676 ± 0·093a

n-6 PUFA 3·35 ± 0·679a 2·70 ± 0·459b 2·77 ± 0·241b 2·94 ± 0·342b

n-3 PUFA 2·34 ± 0·709b 2·52 ± 0·452b 3·57 ± 0·459a 3·72 ± 0·682a

n-3/n-6 PUFA 0·700 ± 0·294c 0·933 ± 0·105b 1·29 ± 0·147a 1·27 ± 0·174a

Total FA 165 ± 25·3 147 ± 16·9 144 ± 11·4 152 ± 18·1
AI 2·73 ± 0·486a 2·57 ± 0·205b 2·20 ± 0·160c 2·18 ± 0·128c

nd, not detected; OCFA, odd-chain FA; BCFA, branched-chain FA; OBCFA, odd branched-chain FA; SFA, saturated FA; UFA, unsaturated FA; MUFA, mono-
unsaturated FA; tMUFA, trans monounsaturated FA excluding C18:1t15 and C18:1t16; PUFA, polyunsaturated FA; VLPUFA, very long-chain (C⩾ 20) poly-
unsaturated FA; AI, atherogenicity index
a–cMeans followed by a different superscript letter in the same row are significantly different (P⩽ 0·05)
†Positively identified by comparison with retention times of standards
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Table 2. Seasonal changes in the fatty acid (FA) composition (mmol/100 g of DM) of 150 d ripened cheeses made with milks from six
commercial sheep flocks following the same seasonal feeding pattern during the lactation period

Milk sampling dates and feeding regimes

Mid-February Mid-April Early-June Late-June

Indoor feeding Part-time valley grazing Early mountain grazing Late mountain grazing

C4† 13·1 ± 1·30a 13·6 ± 2·08a 11·6 ± 1·46b 10·8 ± 1·09b

C6† 10·5 ± 1·01a 10·1 ± 1·67a 8·34 ± 0·967b 7·64 ± 0·835b

C8† 8·34 ± 0·994a 7·75 ± 1·28a 6·04 ± 0·812b 5·50 ± 0·624b

C9† 0·278 ± 0·0498a 0·239 ± 0·0497a 0·167 ± 0·067b 0·124 ± 0·0384b

C10† 19·5 ± 2·93a 18·1 ± 2·63a 13·8 ± 1·83b 12·7 ± 1·50b

C10:1 0·686 ± 0·128a 0·695 ± 0·109a 0·551 ± 0·0693b 0·553 ± 0·0740b

C11† 0·155 ± 0·0330a 0·170 ± 0·048a 0·117 ± 0·0291b 0·115 ± 0·0262b

Short chain FA 52·6 ± 6·44a 50·8 ± 7·86a 40·6 ± 5·23b 37·4 ± 4·19b

C12† 9·12 ± 1·78a 8·80 ± 1·28a 6·96 ± 0·754b 6·59 ± 0·654b

C12:1 0·124 ± 0·0361a 0·145 ± 0·0286a 0·0895 ± 0·0343b 0·0994 ± 0·0316ab

isoC13† 0·0762 ± 0·0230 0·0971 ± 0·0180 0·100 ± 0·0196 0·0933 ± 0·0173
anteisoC13† 0·0697 ± 0·0277 0·0707 ± 0·0219 0·0650 ± 0·0223 0·0633 ± 0·0181
C13† 0·167 ± 0·0229 0·181 ± 0·0270 0·169 ± 0·0229 0·161 ± 0·0222
iso C14† 0·334 ± 0·0635 0·368 ± 0·0596 0·355 ± 0·0435 0·369 ± 0·0477
C14† 19·0 ± 2·68 20·2 ± 2·27 18·9 ± 1·62 18·2 ± 1·52
C14:1† 0·334 ± 0·0644b 0·400 ± 0·0574a 0·427 ± 0·0545a 0·432 ± 0·0666a

iso C15† 0·670 ± 0·132c 0·742 ± 0·115b 0·843 ± 0·102a 0·826 ± 0·112a

anteiso C15† 1·13 ± 0·122 1·28 ± 0·112 1·34 ± 0·197 1·27 ± 0·182
C15† 1·82 ± 0·166b 2·05 ± 0·130a 2·02 ± 0·190a 1·99 ± 0·216a

iso C16† 0·620 ± 0·113a 0·613 ± 0·0662a 0·562 ± 0·050b 0·558 ± 0·0461b

C16† 39·1 ± 3·98 41·0 ± 5·14 39·1 ± 2·68 37·7 ± 2·29
C16:1c9† 1·17 ± 0·193 1·35 ± 0·333 1·49 ± 0·108 1·50 ± 0·151
iso C17† 0·713 ± 0·107 0·811 ± 0·125 0·815 ± 0·0673 0·771 ± 0·0712
anteiso C17† 0·800 ± 0·103 0·839 ± 0·0938 0·882 ± 0·0989 0·810 ± 0·0842
C17† 0·937 ± 0·135c 1·04 ± 0·124b 1·21 ± 0·0905a 1·18 ± 0·121a

C17:1† 0·327 ± 0·053c 0·378 ± 0·0290b 0·454 ± 0·0581a 0·442 ± 0·0383a

Medium chain FA 76·5 ± 9·80 80·3 ± 10·0 75·8 ± 6·21 73·1 ± 5·70

iso C18† 0·104 ± 0·0314 0·0970 ± 0·0234 0·132 ± 0·0406 0·0974 ± 0·0229
C18† 18·1 ± 3·06 20·0 ± 2·14 19·7 ± 1·37 18·5 ± 1·58
C18:1c9† 28·0 ± 3·88b 32·4 ± 4·01a 32·8 ± 2·41a 31·7 ± 2·21a

C18:1c11 0·497 ± 0·158 0·563 ± 0·136 0·457 ± 0·0505 0·408 ± 0·0412
C18:1c12 0·602 ± 0·0976 0·680 ± 0·116 0·703 ± 0·0678 0·706 ± 0·0411
C18:1c13+t15 0·290 ± 0·0736a 0·281 ± 0·0883a 0·209 ± 0·0229b 0·190 ± 0·0336b

C18:1c14+t16 0·216 ± 0·0707 0·246 ± 0·0596 0·235 ± 0·0678 0·209 ± 0·0486
C18:1c15 0·727 ± 0·308 0·953 ± 0·158 0·897 ± 0·107 0·793 ± 0·0659
C18:1t6-8 0·257 ± 0·0652 0·299 ± 0·0906 0·315 ± 0·0650 0·292 ± 0·0502
C18:1t9† 0·455 ± 0·0521b 0·561 ± 0·117a 0·607 ± 0·0589a 0·584 ± 0·0442a

C18:1t10 0·462 ± 0·0722 0·532 ± 0·161 0·462 ± 0·0623 0·420 ± 0·0362
C18:1t11 (VA)† 2·37 ± 0·714c 4·46 ± 1·11b 5·62 ± 1·43a 5·12 ± 0·923a

C18:1t12† 0·468 ± 0·123 0·517 ± 0·129 0·447 ± 0·0410 0·405 ± 0·0420
C18:2c9c12 (LA)† 3·38 ± 0·652 3·26 ± 0·544 3·16 ± 0·232 3·00 ± 0·155
C18:2c9t11 (RA)† 1·35 ± 0·359c 2·65 ± 0·650b 3·35 ± 0·726a 3·21 ± 0·499a

C18:2t9c12† 0·0482 ± 0·0321b 0·0879 ± 0·0279a 0·0950 ± 0·0354a 0·109 ± 0·0234a

C182t11c15† 0·604 ± 0·179c 1·06 ± 0·220b 1·26 ± 0·331a 1·21 ± 0·191a

C18:3c6c9c12 (GLA)† 0·122 ± 0·0209 0·128 ± 0·0351 0·123 ± 0·0293 0·127 ± 0·0219
C18:3c9c12c15 (ALA)† 1·66 ± 0·196c 2·16 ± 0·323b 2·62 ± 0·213a 2·52 ± 0·283a

C18:4c6c9c12c15 0·137 ± 0·0438c 0·229 ± 0·0485b 0·296 ± 0·0829a 0·257 ± 0·0555b

C20† 0·380 ± 0·0896b 0·384 ± 0·0380b 0·499 ± 0·0464a 0·475 ± 0·0417a

C20:1c11† 0·0717 ± 0·0404 0·0684 ± 0·0194 0·0645 ± 0·0220 0·0508 ± 0·0194
C20:3c8c11c14† 0·210 ± 0·0780 0·218 ± 0·0526 0·222 ± 0·0399 0·229 ± 0·0627
C20:3c11c14c17† nd 0·0173 ± 0·0281c 0·0386 ± 0·0341b 0·0451 ± 0·0287a

C20:4c5c8c11c14c17 nd nd nd nd
C20:5c5c8c11c14c17 (EPA)† 0·185 ± 0·0505b 0·203 ± 0·0363b 0·246 ± 0·0464a 0·249 ± 0·0594a

C21† 0·0981 ± 0·0234 0·127 ± 0·0240 0·139 ± 0·0204 0·136 ± 0·0310
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Table 2. (Cont.)

Milk sampling dates and feeding regimes

Mid-February Mid-April Early-June Late-June

Indoor feeding Part-time valley grazing Early mountain grazing Late mountain grazing

C22† 0·171 ± 0·0295b 0·174 ± 0·0284b 0·226 ± 0·0212a 0·218 ± 0·0262a

C22:6c4c7c10c13c16c19 (DHA)† 0·112 ± 0·116 0·131 ± 0·0454 0·140 ± 0·0377 0·148 ± 0·0334
C24† 0·0715 ± 0·0168 0·0712 ± 0·0276 0·0987 ± 0·0232 0·0955 ± 0·0194
Long chain FA 61·1 ± 10·6b 72·6 ± 10·5a 75·1 ± 7·76a 71·5 ± 6·69a

OCFA 7·24 ± 0·997b 8·03 ± 0·917a 8·31 ± 0·985a 7·99 ± 0·979a

BCFA 4·51 ± 0·722 4·92 ± 0·635 5·09 ± 0·642 4·86 ± 0·602
OBCFA 3·46 ± 0·514 3·84 ± 0·486 4·04 ± 0·507 3·84 ± 0·485
SFA 145 ± 19·0a 149 ± 19·6a 134 ± 12·6b 127 ± 11·2b

UFA 44·9 ± 7·86b 54·7 ± 8·77a 57·3 ± 6·53a 55·0 ± 5·33a

MUFA 37·1 ± 6·13b 44·6 ± 6·76a 45·8 ± 4·73a 43·9 ± 3·92a

C18/C18:1c9 0·644 ± 0·0585 0·619 ± 0·0249 0·602 ± 0·030 0·585 ± 0·0445
tMUFA 4·01 ± 1·03c 6·37 ± 1·61b 7·45 ± 1·65a 6·82 ± 1·10ab

PUFA 7·80 ± 1·73c 10·1 ± 2·01b 11·5 ± 1·81a 11·1 ± 1·41a

VLPUFA 0·507 ± 0·245b 0·570 ± 0·162b 0·591 ± 0·158a 0·672 ± 0·184a

n-6 PUFA 3·76 ± 0·783 3·69 ± 0·659 3·60 ± 0·336 3·47 ± 0·263
n-3 PUFA 2·69 ± 0·586c 3·80 ± 0·701b 4·54 ± 0·745a 4·43 ± 0·651a

n-3/n-6 PUFA 0·717 ± 0·264c 1·03 ± 0·092b 1·26 ± 0·177a 1·28 ± 0·178a

Total FA 190 ± 26·9 204 ± 28·4 192 ± 19·2 182 ± 16·6
AI 2·89 ± 0·407a 2·48 ± 0·205b 2·18 ± 0·102c 2·20 ± 0·127c

nd, not detected; OCFA, odd-chain FA; BCFA, branched-chain FA; OBCFA, odd branched-chain FA; SFA, saturated FA; UFA, unsaturated FA; MUFA, mono-
unsaturated FA; tMUFA, trans monounsaturated FA excluding C18:1t15 and C18:1t16; PUFA, polyunsaturated FA; VLPUFA, very long-chain (C⩾ 20) poly-
unsaturated FA; AI, atherogenicity index
a–cMeans followed by a different superscript letter in the same row are significantly different (P⩽ 0·05)
†Positively identified by comparison with retention times of standards

Table 3. Seasonal changes in the conjugated linoleic acid (CLA) composition (mmol/100 g of DM) of milks and 150 d ripened cheeses from
two commercial sheep flocks following the same seasonal feeding pattern during the lactation period

Milk sampling dates and feeding regimes

Mid-February Mid-April Early-June Late-June

Milk Indoor feeding Part-time valley grazing Early mountain grazing Late mountain grazing

t7c9 0·0475 ± 0·0127b 0·0522 ± 0·00214b 0·111 ± 0·0414a 0·106 ± 0·0280a

c9t11 (RA)† 1·49 ± 0·543c 1·86 ± 0·153b 2·78 ± 0·229a 2·76 ± 0·133a

t9c11 0·0346 ± 0·00655b 0·126 ± 0·0326b 0·160 ± 0·0370a 0·181 ± 0·0668a

t11c13 0·0622 ± 0·0260b 0·0706 ± 0·00300b 0·147 ± 0·0180a 0·147 ± 0·0100a

t12c14 0·0197 ± 0·00183 0·0207 ± 0·00301 0·0190 ± 0·00380 0·0219 ± 0·00182
cis,cis 0·0541 ± 0·00699 0·0659 ± 0·0142 0·0805 ± 0·0491 0·0529 ± 0·0220
trans, trans 0·0696 ± 0·0170b 0·0725 ± 0·00256b 0·0907 ± 0·00495a 0·0887 ± 0·00373a

Total CLA 1·78 ± 0·601c 2·26 ± 0·175b 3·39 ± 0·282a 3·36 ± 0·155a

Cheese
t7c9 0·0606 ± 0·0133 0·0666 ± 0·00434 0·0790 ± 0·00487 0·0770 ± 0·00359
c9t11 (RA)† 1·58 ± 0·540c 2·38 ± 0·0826b 3·96 ± 0·498a 3·79 ± 0·158a

t9c11 0·128 ± 0·00824b 0·235 ± 0·112ab 0·428 ± 0·139a 0·361 ± 0·174a

t11c13 0·0631 ± 0·0289b 0·0886 ± 0·00351b 0·218 ± 0·0566a 0·187 ± 0·0115a

t12c14 0·0283 ± 0·00611 0·0275 ± 0·00196 0·0272 ± 0·00341 0·0270 ± 0·00124
cis,cis 0·0707 ± 0·0111 0·0870 ± 0·00280 0·174 ± 0·117 0·109 ± 0·00950
trans, trans 0·0785 ± 0·0147c 0·0960 ± 0·00449b 0·124 ± 0·0127a 0·122 ± 0·00818a

Total CLA 2·00 ± 0·622c 2·98 ± 0·212b 5·01 ± 0·832a 4·67 ± 0·366a

a–cMeans followed by a different superscript letter in the same row are significantly different (P⩽ 0·05)
†Positively identified by comparison with retention times of standards
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percentages) of the cheeses was essentially the same in each
seasonal feeding as those of the correspondingmilk samples.
However, in terms of amount (mmol/100 g of DM) the
content of most individual FAs was higher in cheese than
in milk samples. The higher FA concentration in the cheese
matrix was probably due to losses of mainly milk proteins,
lactose, fat and minerals into whey when curd stirring and
draining during cheesemaking process (Abd El-Gawad &
Ahmed, 2011). The above-mentioned trends in milk of
most individual FAs were also observed in cheeses obtained
with different feeding regimes (Tables 1 and 2).

Table 3 shows average concentrations of individual CLA
isomers separately analysed by HPLC in milk and cheese
samples. CLA isomers were only analysed in milk and
cheese from two of the six commercial flocks. Total CLA
content in both milk and cheese increased progressively
(P≤ 0·05) from indoor feeding to grazing regime, and par-
ticularly when sheep were under extensive mountain
grazing. RA was the predominant CLA isomer in all milk
and cheese samples (around 80% of the total CLA
content) followed by C18:2t9c11 and C18:2t11c13
showing individual percentages higher than 3% in both
milk and cheeses. As reported for RA by GC analysis, the
content of these three major CLA isomers was significantly

higher in mountain milks and cheeses than in indoor
feeding or part-time valley grazing milks and cheeses.

Tocopherols and retinoids in milk and cheese

Table 4 shows the tocopherol and retinoid composition of
milks and 150 d ripened cheeses from commercial flocks
with different feeding regimes. The most abundant compound
in all milk and cheese samples was α-tocopherol representing
over 75% of the total tocols. The content of α-tocotrienol
ranged between 5 and 14% of the total tocol content in milk
and cheese samples, whereas those other minor compounds
such as γ-tocopherol and β-tocotrienol were lower than 3%.
The content of α-tocopherol increased (P⩽ 0·05) in milk and
cheese when sheep grazed onmountain pastures as compared
to its content in milks or cheeses from indoor feeding sheep.
The content of α-tocotrienol was significantly higher in late
mountain grazing cheese than in the other cheese samples,
with no significant differences found among milk samples.
As mentioned above for FAs, the changes observed in the
tocol composition of milks from sheep with different seasonal
feeding regimes were also essentially the same as those found
for cheeses, although the total content of tocols was higher
(P⩽ 0·05) in cheese than in milk samples. Retinyl palmitate

Table 4. Seasonal changes in the tocopherol and retinoid composition (μmol/100 g of DM) of milks and 150 d ripened cheeses from six
commercial sheep flocks following the same seasonal feeding pattern during the lactation period

Milk sampling dates and feeding regimes

Mid-February Mid-April Early-June Late-June

Milk Indoor feeding Part-time valley grazing Early mountain grazing Late mountain grazing

α-tocopherol† 1·51 ± 0·655c 2·20 ± 0·224b 3·42 ± 0·289a 3·48 ± 0·352a

α-tocotrienol 0·280 ± 0·0344 0·247 ± 0·0349 0·208 ± 0·0657 0·206 ± 0·0260
Unknown tocol‡ 0·176 ± 0·185 0·252 ± 0·0970 0·0700 ± 0·0700 0·101 ± 0·0564
γ-tocopherol† 0·0352 ± 0·0153a 0·0233 ± 0·0150b 0·0137 ± 0·00458b 0·0101 ± 0·00100b

Total tocols 2·00 ± 0·890c 2·72 ± 0·371b 3·71 ± 0·429a 3·80 ± 0·434a

Retinyl palmitate† 1·37 ± 0·441 1·63 ± 0·520 1·40 ± 0·0769 1·55 ± 0·088
Unknown retinoid§ 2·27 ± 1·36 2·95 ± 0·839 2·95 ± 0·509 2·77 ± 0·508
Total retinoids 3·64 ± 1·80 4·58 ± 1·36 4·36 ± 0·586 4·32 ± 0·596

Cheese
α-tocopherol† 2·33 ± 0·547c 3·38 ± 0·916b 4·02 ± 0·437b 5·01 ± 1·33a

α-tocotrienol 0·265 ± 0·0156bc 0·197 ± 0·0733c 0·292 ± 0·122b 0·454 ± 0·104a

unknown tocol‡ 0·314 ± 0·154 0·513 ± 0·302 0·209 ± 0·0826 0·316 ± 0·141
γ-tocopherol† 0·097 ± 0·0392a 0·0680 ± 0·0256b 0·0356 ± 0·0149c 0·0385 ± 0·00889c

β-tocotrienol 0·0756 ± 0·0951 0·0592 ± 0·0604 0·0229 ± 0·0141 0·0331 ± 0·0121
Total tocols 3·08 ± 0·851c 4·22 ± 1·38b 4·58 ± 0·671b 5·85 ± 1·60a

Retinol† 1·72 ± 0·325ab 1·84 ± 0·280a 1·48 ± 0·262b 1·85 ± 0·566a

Unknown retinol¶ 0·198 ± 0·0546 0·186 ± 0·0567 0·208 ± 0·0383 0·218 ± 0·105
Total retinoids 1·92 ± 0·379ab 2·03 ± 0·336a 1·69 ± 0·301b 2·07 ± 0·670a

a–cMeans followed by a different superscript letter in the same row are significantly different (P⩽ 0·05)
†Positively identified by comparison with retention times of standards
‡μmol calculated using the molecular weight of α-tocopherol
§μmol calculated using the molecular weight of retinyl palmitate
¶μmol calculated using the molecular weight of retinol
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was found in milk whereas retinol was found in cheese due to
saponification of cheese samples. Despite other authors’
observed increase of retinol in goat and cow milk when com-
paring grazing systems with indoor feeding (Fedele et al.
2004), no significant increase (P> 0·05) was found in the
content of retinol or total retinoids of milk and cheese from
grazing sheep (Table 4).

Discriminant analysis

Discriminant analysis was applied to all analytical variables
to classify cheese samples into the seasonal feeding groups.
Figure 1 shows the cheese sample distribution in the graph
displaying the two first canonical discriminant functions.
As observed, cheese samples from indoor feeding and
part-time valley grazing were correctly classified into their
seasonal feeding group, but cheese samples from early
and late mountain grazing were mixed forming a single
homogeneous mountain grazing group. The highest differ-
ence in the centroid value along function 1 axis was
found between indoor feeding and mountain grazing
groups (around 14 units). The difference in the centroid
value between part-time valley grazing and indoor
feeding, or mountain grazing was very similar (around 6
units each). Therefore, this multivariate approach was able
to discriminate beyond doubt mountain cheeses from
those of indoor feeding and part-time valley grazing.

In conclusion, important changes were reported in the
composition of FAs and fat-soluble antioxidant composition
of milk and cheese from commercial flocks following the
same management pattern with different seasonal feeding
regimes during lactation. Mountain grazing in late lactation
still improved the nutritional quality of milk and cheese by
increasing the amounts of some healthy desirable FAs and
α-tocopherol and significantly decreasing that of total satu-
rated FAs and C12, and the atherogenicity index of milk
and cheese. Finally, the differences in FA and fat-soluble
antioxidants found in milk and cheese during the lactation
period were capable to discriminate among seasonal
feeding regimes, in particular between mountain grazing,
and indoor feeding and part-time valley grazing.
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