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ABSTRACT

This study was designed to evaluate the effectsvoffeeding methods on milk yield,
composition and fatty acid (FA) profile obtainedrr dual-purpose cattle. Twenty-four
Aosta Red Pied cows beyond peak of lactation wesagaed to two groups and fed hay
and concentrates in the proportions 0.69 and OrB8& dry matter basis for ten weeks.
Concentrates were offered separately from forapesnses a day (separate ration, SR)
or as a total mixed ration (TMR). The feeding metlthhd not significantly influence
dry matter intake (16.8vs 16.9 kg head day' for SR- and TMR-fed cows,
respectively), milk yield (17.4/s 17.5 kg head day"), milk fat, protein and lactose
contents (36.4s35.2, 33.5/532.8, and 47.8s47.4 g k&) and yields (607.95613.4,
567.4vs572.7, and 805.85829.7 g head day"). The overall milk FA profile was very
similar between groups. Milk concentrations of Fged as indirect markers of rumen
function (C18:2t10c12, odd- and branched-chain FA) and the extentuohimal
biohydrogenation were comparable (P>0.05) betwe®& 8nd TMR-fed cows,
suggesting that ruminal pH did not vary considerad a consequence of the feeding

strategy applied.

Key words: feeding method; Aosta Red Pied cow; productionfgpmance; milk

composition; fatty acids

INTRODUCTION
In the dairy sector, total mixed rations (TMR) h&de=n used for feeding cows since the
1970s (Eastridge 2006). This feeding method hagived great attention mainly

because of the related possibilities to increasgrabover feeding programs and farm



mechanization levels (Rakes 1969), to improve ahipeaformance by means of the
synchronous supply of dietary nitrogen and fermaetanergy, and consequently to
raise income from milk production (Nocek al 1985; Yanet al 1998). For these
reasons, TMR have also aroused interest by theupesd associations of some
European Protected Designation of Origin (PDO) shseeThe Manufacturing Rules of
some of these cheeses (e.g., Comté cheese in Faamtd?armigiano Reggiano and
Fontina cheeses in Italy) prohibit the feeding aifrgl cows with silages due to possible
contaminatiorby Clostridium tyrobutyricumwhose spores can cause blowing problems
during cheese ripening (Bertost al. 2001). When the use of silages is forbidden, TMR
are prepared as blends of dried fodders, concestatd supplements. Water can be
added as binding agent to reduce selective consompy the cows (Leonardit al
2005).

In the early 1990s the use of ‘dry’ TMR in the gemghical area of Parmigiano
Reggiano cheese production (northern Italy) detaedhiimprovements of animal
performance and allowed significant reductions o$ts at farm level (Salghetti &
Manghi 2004). Attracted by these results, the pcedsi associations of Fontina PDO
cheese directed their attention towards the TMRIJifgg method. Differently from
Parmigiano Reggiano, which is mainly produced usimg breeds of high genetic merit
(e.g., ltalian Friesian), Fontina cheese is madi wmilk exclusively obtained from
dual-purpose medium-producing autochthonous Aostavsc These cattle are
traditionally fed with local hay (provide@d libitum) and concentrate, separately
administered. Until few years ago, concentrate uselde administered twice a day.
More recently, many producers supply concentraté Wigher frequency (four to six

administrations per day).



The majority of the studies dealing with the effeETMR on dairy cows’ performance
have been conducted on high-yielding animals. Thezethere is interest in deepening
the effects of TMR, as compared with the traditlosystem of feeding forages and
concentrates in a discrete format, on milk productperformance of dual purpose
and/or low-medium producing cows, whose milk isenftat the basis of the
manufacturing of typical cheeses.

Besides that, increasing concern should be addftdssthe effects of TMR on milk
fatty acid (FA) profile, as no information is cuntly available on this topic. It is known
that one of the advantages related to TMR is thgodpnity to prevent detrimental
effects due to dramatic fluctuations of ruminal pMhen ruminal pH declines specific
transFA (e.g., C18:210c12 and C18:110) are produced at the expense of the main
biohydrogenation intermediates (C1&211 and C18:1t11) of dietary linoleic acid
(C18:2 c9cl12) (Troegeler-Meynadieet al. 2003; Fuentest al 2009; Bauman &
Griinari 2003). A drop in ruminal pH, can also lgadchanges in milk concentrations of
odd- and branched-chain FA (OBCFA) (Fiewstzal 2012). Milk FA profile should
therefore be used as a useful and non-invasivecatati of alterations of rumen
fermentations determined by different feeding teghes applied in the dairy sector.

On the basis of the above-mentioned consideratitbesgoal of this experimental trial
was to evaluate the effects of feeding frequenplupf concentrate separately from
forages or as a TMR on productive performance faiagter intake and milk production
levels) and milk composition, with particular empisaon FA profile of milk fat, in
dual-purpose medium-producing Aosta Red Pied cattiese milk is used for Fontina

PDO cheese manufacturing.



MATERIALSAND METHODS

Animals, experimental design and dietary treatments

The trial was carried out at the Montfleury resbafarm (Aosta Valley, NW Italy;
latitude: 45°43'59" N; longitude: 7°18'2" E; altiter 560 m a.s.l.). On January 13, 2010,
twenty-four multiparous Aosta Red Pied cows whoskk ms used for Fontina PDO
cheese manufacturing were selected from a herdOofaétating cows. They were
blocked in two homogeneous groups, according to gtage of lactation (mean and
standard deviation: 48 16 and 46t 18 days in milk), parity (3.& 1.8 and 3.& 1.9),
milk yield (18.2+ 2.6 and 18.3: 2.7 kg head day"), milk gross composition (fat,
protein, and lactose contents and yields), and fAile of milk fat. The groups were
then randomly assigned to one of the following ttremnts (12 cows per treatment): i)
SR (separate ration), hay (first and second cuts) @ncentrate fed separately at
proportionally 0.69 (first cut: 0.40, second cut2®) and 0.31 of dietary dry matter
(DM), respectively, and ii) TMR, the same diet aR §roup, but with the dietary
ingredients mechanically mixed in a mixer wagoroptio feeding. In the pre-trial
period (before January 13, 2010), all cows involirethe trial were fed the SR diet. A
three-week period (January 13 to February 2, 2@0i@daptation to the experimental
diets was provided, while the experimental periodected a total of 70 days, from
February 3 to April 13, 2010.

The administered hays were prepared from local dsvaomposed of about 70%
grasses and 30% legumes. The concentrate con@®%anaize grain, dry milled; 30%
barley grain, dry milled; 20% bran; 12% soybean Iirg® linseed meal flax (expeller),

on a DM basis.



The cows belonging to the SR group received thghage part of the diet twice a day
(at 05:00 and 15:30 h) in a conventional trougldileg arrangement. In addition,
computerized self feeders offered the concentratsiaequal meals starting at 05:00,
07:30, 10:00, 15:30, 19:00, and 22:00 h.

The TMR was prepared fresh daily every morning&00 h. Chopped hay (length: 3 to
5 cm) was uniformly mixed with the concentrate imixer wagon (mixing time: 15 to
20 min). During mixing, water (about 10 L héaday') was added to the TMR as
binding agent (Leonardit al 2005). The TMR was provided once a day immedjatel
after preparation.

The amount of feed offered was calculated to fulfie nutritional requirements of the
cows (INRA 2007) and subsequently adjusted to abapiproximately 5 to 10% daily
refusals (on as-fed basis).

All the cows involved in the trial were housed ie-$talls and hadd libitumaccess to

mineral blocks and fresh water.

Sampling and labor atory analyses

Feed

Hays and concentrate to be analyzed for their atenmomposition and FA profile
were collected at the beginning of the trial.

The samples were ground (cutting mill Pulveriséie- Fritsch GmbH, Idar-Oberstein,
Germany) to pass a 1-mm screen. They were anafyggeD®M, crude protein (CP),
ether extract (EE), ash, neutral detergent fioddDKNand acid detergent fiber (ADF)

according to recommended standard procedures (A@#D). Starch was analyzed by



using a POLAX-2L polarimeter (ATAGO CO., LTD. Japaaccording to “Gazzetta
Ufficiale della Repubblica Italiana” (2000).

For FA analysis, total lipids were extracted acomydo Folchet al (1957). Fatty acids
were then determined as previously reported by Resinal (2012). Peaks were
identified by comparison of retention times with ME standards (Matreya Inc.,
Pleasant Gap, PA, USA). Results were expressed mscantage of each individual
FAME per total FAME detected.

Uneaten feed was daily monitored during the troal ach group of cows. If refusals
were present, they were removed and weighed prisubsequent feed administration
in order to estimate feed intake. Refusals werepsaanbiweekly to be analyzed for
their DM content (AOAC 2000).

The proximate composition and FA profile of the estmental feedstuffs are presented
in Table 1.

Milk

The cows were machine milked twice a day at 05:8) ¥65.30 h. Before starting the
milk yield recording and samples collection, a éareeek period (from January 13 to
February 2, pre-experimental period) of adaptatiotine diets was provided. Individual
daily milk yields were recorded by automatic met@kéimilk, TDM, Brescia, Italy)
once a week during the trial. Milk samples (50 nfilom each individual cow were
collected at the morning milking once a week ad,Mi@lowing the same time schedule
as for milk yield recording (for totally 264 samg)e These samples were immediately
stored at 4°C with azidiol as preservative and Sparnted to the laboratory for the
analysis of fat, protein, and lactose (MilkoScan 6000, Foss Electric, Hillerad,

Denmark).



Individual milk samples (150 mL) to be used for Ftermination were instead
collected every two weeks during the morning migkifor totally 144 samples) and
frozen at —-20°C until analyzed. Fatty acids analysias performed as previously
reported by Rennat al (2012). Peaks were identified by injecting pur&ME
standards (Sigma-Aldrich, Milano, Italy; MatreyacinPleasant Gap, PA, USA and
Restek Corporation, Bellefonte, PA, USA) and by panson with the chromatogram
published by Collomb and Buhler (2000). Quantiimat was assessed by using
nonanoic acid as internal standard. The resultsegpeessed as absolute values as g

100g" fat.

Statistical analysis

Dry matter intake results were submitted to an petelent sample Student’test using

the PROC TTEST procedure of Statistical Analysist&y (SAS 2006).

The changes in milk yield, milk main constituentsda~A were analyzed using the

PROC MIXED procedure of SAS (2006) for repeated sueas over time. The cow was

considered as the experimental unit. Compound syrgnfest-order autoregressive or

unstructured covariance structure, according to $meallest Schwarz Bayesian

information criterion, was applied (Littedt al 1998). The following model was used:
Yik =u+ FTi + Gy +SDc + (FT x SD) + gijk,

where Yjx = mean of response variable,= population mean, FT= fixed effect of

treatment (feeding technique)g)C= random effect of cow within the treatmentsSD

fixed effect of sampling date, (F¥ SD)x = fixed effect of interaction between feeding

technique and sampling date, afg- experimental error.



10

Significance was declared ak®05. Results of statistical analysis are repowsd
means (DM intake) and estimate least-squares mdalis other investigated

parameters).

RESULTSAND DISCUSSION

Effect of feeding technique on dry matter intake, milk yield and milk gross
composition

Estimated total DM intakes were very similar betawgeoups, namely 16.8 and 16.9 kg
head® day* for SR- and TMR-fed cows, respectively. Nooetkal (1985) reported
significantly higher DM intake in dairy cows fed TMif compared to cows fed the
roughage and concentrate components of the diaraepy. Such an increase in intake
could have been referable to a reduction in feratemt fluctuations within the rumen
as an effect of more steady daily distributionsaficentrate intake (Istasstal 1986).
However, no significant differences in total DMake were instead observed in other
studies (Gordoet al 1995; Yrjaneret al 2003; Ferriget al. 2006). The lack of positive
DM intake response to the TMR feeding techniquehia current trial could be the
consequence of both the low inclusion rate (31%gomicentrate in the offered diets and
the relatively high frequency of concentrate adstmaittion applied with the SR feeding
method. In fact, higher feed intakes have beenipuely associated with TMR feeding
if the offered diets were characterized by higld.60) concentrate proportions only
(Phippset al 1984; Istasset al 1986; Gordoret al 1995). Moreover, high frequencies
(four or more times daily) of concentrate admirmigtm in case of diet components fed
separately, being able to resemble the typical T8§Rchrony of fermentable energy

and nitrogen supplies to the ruminal microflora rfiYat al 1998), resulted in
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comparable DM intakes in cows fed TMR or unmixeetslin other studies (Gordan

al. 1995; Yrjaneret al 2003).

The sampling date did not significantly affect DMake. Such result was expected. In
fact, at the beginning of the trial the cows wetetheir 10th week postpartum and
usually only slight changes occur in DM intake ofvimedium producing dairy cows
approximately between the 8th (maximum DM intaked she 20th week postpartum
(NRC 2001).

Results concerning milk production levels and nritlain constituents are shown in
Table 2. The mean daily milk yield was not sigrafitly affected by the feeding system
(17.4 and 17.5 kg heddday' for SR- and TMR-fed cows, respectively). Results
previously shown by other authors on the effedeetling ingredients as complete diets
or administered separately on milk production penfince are quite contrasting.
Lactating cows fed TMR were reported to yield mioniék if compared to cows offered
the same feedstuffs separately (Gore@bml 1995; Yanet al 1998), sometimes as the
consequence of higher DM intake and higher digdisyibvalues of the TMR diet
(Istasseet al. 1986). Nevertheless, no significant effects olk production levels have
been found in other studies (Phipggsal 1984; Nocelet al 1985; Ferriet al 2006). It

Is not clear if the moderate milk yield potentidltbe cows used in the current trial
should or should not be considerpdr sea cause of the lack of feeding system
influence on milk production levels. Gordat al (1995) showed that the feeding
method affects the production responses of daivyscmdependently of their genetic
merit. However, on the basis of the results repbry other authors, the milk
production potential seems to be one key factahenregulation of yield response of

dairy cows to different concentrate feeding str@®g(Agnew et al 1996). As
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previously mentioned for DM intake, Istassteal (1986) showed the notable influence
of diet’s F:C ratios on milk production performanmfelactating cows offered complete
diets or diet ingredients separately. The proportsd concentrate used in the current
study is the one typically applied in winter rasodestined to Aosta cows within the
Fontina PDO cheese production chain. Such propoisiconsiderably lower than those
used in previous trials with dairy cows of high geo merit, where higher milk yields
by the animals were associated to TMR-feeding (Goet al 1995; Yanet al. 1998;
Salghetti & Manghi 2004). The low proportion of cemtrate, associated to the medium
genetic merit of the cows, could be consequenthsittered one of the reasons for the
observed lack of positive milk yield response in Hied if compared to SR-fed Aosta
Red Pied cows. In addition, it is worth mentionithgt significantly lower milk yields
were found when concentrate, in case of feedingrsép rations, was offered in a
limited number of meals per day (Istasseal 1986), while no differences were
observed in case of daily allowance of concentrateour x 6 hours time windows
(Yanet al 1998).

As expected, the sampling date significantlig@{®01) affected the milk production
levels, which declined in both groups of cows dgrihe trial (that is from week 10 to
week 20 postpartum) following the advance of tlagetof lactation. Milk yield was not
significantly affected by the interaction betweerding technique and sampling date.
Considering milk gross composition, the concentratiand yields of fat, protein and
lactose were not significantly different in TMR- carSR-fed cows as previously
published by other authors (Gordenal 1995; Yrjaneret al 2003; Ferriget al 2006).
Feeding a complete diet in place of concentratarsegly from grass silage determined,

instead, a significant decline in milk fat concatittn and yield in high-producing early
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lactating Holstein cows in the study conducted kgnYt al (1998). These authors
attributed such a difference to a variation in figantake, and consequently to an
unbalanced F:C ratio, between their experimentauggs. Concerning protein, it is
known that its content and yield can be mainlyuaficed by the F:C ratio of the diet
(enhancements can be obtained by increasing cowgientrate intake) and by the
amount and source of dietary protein and fat (Jen& McGuire 2006). In the present
trial, the amount and source of dietary protein &atdwere identical between the
administered diets. Moreover, even if forage andceatrate DM intakes were not
separately evaluated, it is plausible to hypotletiat they were comparable between
TMR- and SR-fed cows. In fact, the substitutionerdtetween roughage and
concentrates is known to be of scarce importancecases of low concentrate
supplementation levels and when using hay instéadage as roughage component of
the diet (Faverdiret al 1991). The lack of significant differences in &aid protein
concentrations and yields between TMR- and SR-fedt® cows can be therefore
attributed to analogous forage and concentrateuropson achievable with the two
feeding strategies. Finally, obtained results reigar lactose content and yield were
expected as these parameters are usually not isagily modified by nutritional
manipulation, particularly if considering normahge diets for dairy cows (Jenkins &
McGuire 2006).

The statistical analysis showed that the samplaig dignificantly affected milk gross
composition. Particularly, milk protein content sleal higher values in the period from
the 15th to the 20th week of lactation if compati@the previous weeks (from the 10th
to the 14th), while milk lactose content decreasadng the whole experimental period.

Milk fat content only showed a tendency towardglgly higher values at the end of the
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trial. Such variations in the concentrations of fabtein and lactose were expected as
they usually occur with the advance of lactatioagst (Auldistet al 1998). The
interaction between feeding technique and samplatg did not significantly influence
the content and yield of milk main constituents.

Effect of feeding technique on milk fatty acid profile

To the best of our knowledge, this trial reportstfte first time the FA profile of milk
fat from cows fed concentrate and forage separalislyibuted or as a mixed ration.
Results concerning groups of FA and individual BAmilk are shown in Tables 3 and
4, respectively.

Absolute values for the detected FA were compartabthose reported by other authors
(Collomb et al 2008) with dairy cows reared in the Alps and fahilarly (high-
roughage - more than 80% - and low-concentratesdiegd Aosta cows. Milk
concentrations of C18:A0c12, iso- andaiso-branched-chain FA, and linear odd-chain
FA whose synthesis is highly dependent on rumenr@mwment (Bauman & Griinari
2003; Fievezet al 2012) were not significantly affected by the fisgdtechnique.
Under the chromatographic conditions applied irs thial, C18:1t10, which is also
usually associated to a lowering in ruminal pH esal(Bauman & Griinari 2003),
coeluted with othetrans-octadecenoic isomers (C18t@-11). Therefore, it was not
possible to assess whether or not the feeding igahrhad a significant effect on its
concentration in milk fat. However, it is known tHa18:1t10 is produced within the
rumen by means of a reduction of C182c12 (Bauman & Griinari 2003). Therefore,
the lack of significant differences in the C18182c12 concentration in milk fat between
groups leads to reasonably hypothesize that C180L as well did not differ

considerably according to the feeding method agdplié is worth mentioning, in
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addition, that C18:210c12 was detected in milk from both TMR- and SR-feivs
only in traces (<0.01 g 100'dat), while alterations of ruminal environment aiually
associated with higher concentrations in milk faétersoret al. 2003). The obtained
results are also consistent with the lack of sigaift differences in milk fat
concentrations and yields, which suggests that itio fiad depression occurred during
the trial.

Besides ruminal pH, the extent of biohydrogenatioourring within the rumen can be
significantly influenced by the amounts of dietargsaturated FA ingested by the
animals (Troegeler-Meynadiet al 2003). However, in the present study the same die
ingredients were fed to the two groups of cows emmparable intakes were observed.
Therefore any possible change in the extent of mambiohydrogenation should be
ascribed to variations in ruminal pH values.

The results obtained in our trial showed that radkcentrations of: i) oleic acid and its
detected ruminal biohydrogenation intermediate pectsl (C18:1t6-11 and C18:X11)
(Mosley et al 2002; Proellet al. 2002), ii) linoleic acid and its detected ruminal
biohydrogenation intermediate products (C18@11, t10cl12, t9t11, t9t12, t8cl2,
cot12,t11c15,t9¢c12 and C18:19, c11,cl2 and C18:16 tot1l6) (Collombet al 2004;
Lee & Jenkins 2011a; Honkaner al 2012), iii) a-linolenic acids and its detected
ruminal biohydrogenation intermediate products (@1®t11, t11c13, c9cl11, t10c12,
tot11, t11c15, cot13 and C18:1kc11, c12 and C18:110 totl6) (Collombet al 2004;
Destaillatset al 2005; Shingfielcet al. 2010; Lee & Jenkins 2011b), and iv) stearic acid
(C18:0) as the final end product of the entire parogenation process (Shingfiedtial

2010) did not statistically differ between SR- aidR-fed cows. Such results suggest
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that the feeding technique had no outstanding &sffeic the extent of biohydrogenation
occurring within the rumen.

The absence of significant differences in milk conmnpds used as indirect non-invasive
markers of ruminal pH variations and in the extemtruminal biohydrogenation
indicates that pH values were comparable betweentwo experimental groups.
Explanations could be ascribed to the high F:®ratid the frequent administration of
concentrate applied with the SR feeding strategy. béneficial effects on rumen
function determined by TMR feeding if compared ¢parate feeding of concentrate as
frequent meals during the day were already preljoabserved by Yrjaneret al
(2003). Our results seem also to corroborate tidirfg by Faret al. (2002) and Caet

al. (2010), who showed similar pH values in rumindistulated dairy cows fed TMR
or diet ingredients separately, with administereztsdcharacterized by a F:C ratio of
approximately 50:50 and comparable milk productiewels as those achieved in the
present study.

The lack of considerable variations in the oveffdl profile between SR- and TMR-fed
cows in our trial confirm as well earlier findingy Cookeet al (2004), who reported
no significant changes in the FA profile of bedfamuscular fat as the consequence of
diet ingredients administration as a TMR or in acdete format. On the basis of the
obtained results, it is possible to affirm that teeding method did not have remarkable
effects on the quality of the lipid fraction of kilThe cheese compositional variability
in FA is known to depend mainly on the compositidrthe original milk (Lucast al
2006; Rennat al. 2009). Therefore, both feeding strategies cacooeeniently applied
within the Fontina PDO cheese production chain euthany alteration in the quality of

the lipid fraction of the cheese.
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The sampling date significantly affected many oé ttletected FA. The observed
changes were quantitatively of negligible importsmce the maximum extent of the
variation was generally around 10-18%. Moreover thajority of these changes
occurred during the experimental period (weeks d@Q into lactation) without any
clear increasing or decreasing trend (data not shoWt is known that milk fat
composition changes with lactation stage. Howetteg, main changes in milk FA
usually occur in the early lactation period, partaely during the first 10 weeks of
lactation (Palmquiset al 1993; Craninxet al 2008). Therefore, the changes observed
in our study are likely not to be ascribed to agigant effect of lactation week on milk
FA, but probably to slight variations (up to 1.4§ kead" day’) in DM effectively
ingested by the animals during the trial. The itéon term (FTx SD) did not
significantly affect the FA composition of milk.

In conclusion, dual-purpose and of medium genetcimAosta cattle in mid-lactation
offered the same high forage (61% of total DM) degther as a TMR or with
concentrates offered separately from forages smnedi daily using computerised self
feeders showed comparable DM intake, milk yieldlkngross composition and FA
profile of milk fat. Mixing diet ingredients or fdeng them separately had no significant
influence on milk concentrations of specific FA @€24t10c12,iso- andaiso-branched
chain FA, and linear odd-chain FA) used as indireatkers of rumen function. Milk
concentrations of dietary unsaturated FA, as wall those of their ruminal
biohydrogenation intermediate and final productgrevnot affected by the feeding
method applied, suggesting that the latter did infuence the extent of ruminal

biohydrogenation. Fatty acids results indirectlgigate that ruminal pH did not vary
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considerably between groups. Both tested feednagesfies can be conveniently applied

without any alteration in the quality of the ligigction of milk.
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Table 1. Proximate composition (g kdM, unless otherwise stated) and fatty acid

profile (% of total FAME) of the experimental fedwal$s.

Experimental feedstuffs

Hay (first cut) Hay (second cut) Concentrate

Main nutrients

DM (g kg?) 915 913 893
Ash 89 124 78
CP 124 136 151
EE 19 22 35
NDF 627 604 226
ADF 336 300 166
Starch 15 15 387
NSC' 141 114 510
NE. (MJ kg* DM) 4.56 4.84 7.24
Fatty acids

C14 8.30 17.64 3.00
Cl4:1 0.30 0.40 0.05
C16 22.74 20.91 10.71
C16:1c9 1.08 0.73 0.12
C18 8.91 4.18 3.99
C18:1c9 7.13 4.27 21.27
C18:1cll 0.61 0.55 1.46
C18:2c9c12 18.89 15.40 31.59
C20 2.88 0.94 0.17
C18:3c9c12c15 29.19 34.98 27.65
> SFA 42.82 43.66 17.87
> MUFA 9.11 5.96 22.89
> PUFA 48.07 50.38 59.24

Abbreviations: DM, dry matter; FAME, fatty acid rhgt ester; CP, crude protein; EE,
ether extract; NDF, neutral detergent fibre; ADKida detergent fibre; NSC,
nonstructural carbohydrates; NEiet energy for lactation; SFA, saturated fattidsic
MUFA, monounsaturated fatty acids; PUFA, polyunsatied fatty acids.

" Calculated as 1000 - (NDF + CP + EE + ash).
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Table 2. Milk yield and gross composition of Aodked Pied cows fed hay and

concentrate separately (SR) or as a total mixedhrfTMR).

Feeding technique p'
SR TMR
(n=132§ (n=132) kT SD
Milk yield (kg head" day™) 17.4 17.5 ns  **
Milk composition (g kg
Fat 36.4 35.2 ns 0.08
Protein 33.5 32.8 ns  ***
Lactose 47.3 47.4 ns
Component vield (g heddday?)
Fat 607.9 613.4 ns ¥
Protein 567.4 572.7 ns  ***
Lactose 805.5 829.7 ns ***

Abbreviations: n, number of milk samples; FT, feediechnique; SD, sampling date.

" Probability: *** P<0.001; ns, not significant (P>0.05). The P-valushiswn if, thus
being not significant, it shows a tendency (0.05&R8). The effect of interaction
between feeding technique and sampling date (FDpw&s not significant; therefore
significance are only presented for feeding teahaitFT) and sampling date (SD).

* Total number of milk samples equal to 132 (12 cevid sampling days).
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Table 3. Mean contents (g 10T at) of groups of fatty acids in milk fat of Aosied

Pied cows fed hay and concentrate separately (6&) a total mixed ration (TMR).

Feeding technique P
SR TMR

n=72 (=72 kT SD
> short chaify 9.78 9.61 ns kel
s medium chaih 48.24 47.00 ns *x
3 long chaiff 28.20 26.80 ns ns
s saturated 63.05 61.53 ns ns
¥ branched chaf 2.71 2.63 ns o
s iso branched chain 1.23 1.20 ns ok
> aisobranched chaf 1.48 1.43 ns b
S monounsaturatéd 19.84 18.82 ns ns
s Cc18:1 16.84 16.08 ns ns
s C18:1trand 1.74 1.58 ns *
2 polyunsaturatéﬂ 3.35 3.10 ns ns
¥ C18:2 2.48 2.28 ns ns
s C18:2trans" 1.05 0.99 ns *
s transwithout CLA" 4.33 3.98 ns ns
S n3 FA 0.80 0.75 ns **
> n6 FA 2.35 2.17 ns *
n6/n3 2.99 2.94 ns ko
> CLAY 0.54 0.50 ns **
¥ unsaturated 23.20 21.91 ns ns
HSFAS 42.16 41.22 ns *

Abbreviations: n, number of milk samples; FT, fegediechnique; SD, sampling date;
CLA, conjugated linoleic acid; FA, fatty acids; H&Mypercholesterolemic saturated
fatty acids.

" Probability: *** P<0.001; ** P<0.01; * P<0.05; ns, not significant (P>0.05). The
effect of interaction between feeding technique sertpling date (FT x SD) was not
significant; therefore significance are only preasérfor feeding technique (FT) and
sampling date (SD).

* Total number of milk samples equal to 72 (12 cevéssampling days).
SCalculated as: C12 + C14 + C16.
4C4, C5, C6, C7, C8, C10, C10:1.

b C12, C13iso, Cl1l3aiso C12:1c + C13, Cldiso, C14, Cl5iso, C14:1t, Cl15aiso,
Cl4:1c, C15, Claso, C16, Cl7so, C16:1t, Cl7aisqo Cl16:1c.

¢ C17, Ci8iso, C17:1t, C18aiso, C18,% C18:1, C195 C18:2, C20, C20:1, C18:3
c6c9cl12, C20:1c5, C20:1c9, C20:1c11, C18:3c9cl2cl5, C18:2c0t1l +1t/c9 +1t8cl0,
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C18:2t11c13 +c9cll, C18:2t9t11, C20:2¢c,c n6, C22, C20:3n6, C20:3n3, C20:4n6
(AA), C20:5n3 (EPA), C22:5n3 (DPA), C22:6n3 (DHA).

9 c4, C5, C6, C7, C8, C10, C12,branched chain, C14, C15, C16, C17, C18, C19,
C20, C22.

® C13iso+ aisq C1l4iso, C15iso+ aiso, C16iso, C17iso+ aiso, C18iso + aiso.
f C13iso, C14iso, C15iso, C16iso, C17iso, C18iso.
9 C13aiso, C15aiso, C17aisq Cl8aisa

" C10:1, C12:X + C13, C14:1ct, C16:1ct, C17:1t, ¥ C18:1, C20:%, C20:1¢5, C20:1
c9, C20:1c11.

' C18:1t5,16-11,t12-14 +c6-8,¢9, ¢c11,c12,cl4 +116.
1 C18:115,16-11,t12-14 +c6-8.

ks C18:2, C18:36c9c12, C18:3c9c12cl5, C20:2c,c n6, C20:3n3, C20:3n6, C20:4n6
(AA), C20:5n3 (EPA), C22:5n3 (DPA), C22:6n3 (DHA).

' C18:2t,t-NMID + t9t12, c9t13 +1t8c12, cotl2, c,c-MID + t8cl13,t11c15,t9¢c12,c9cl2,
c9cl15,cot1l +t7c9 +t8cl10,t10c12,t11c13 +c9cll, tot1 1.

M C18:2t,t-NMID + t9t12,cot13 +t8cl12,c9t12, c,c-MID + t8c13,t11c15,t9¢c12, C18:2
cotl1 +t7c9 +t8cl0, C18:210c12, C18:211c13 +c9cl1, C18:29t11.

"C14:1t, C16:1t, C17:1t, 5 C18:1t, = C18:2t (without CLAtrans), C20:1t.

° C18:2t11cl5 + C18:2c9cl5, C18:3¢9c12cl5, C20:3n3, C20:5n3 (EPA), C22:5n3
(DPA), C22:6n3 (DHA).

P C18:1t12, C18:1c12, C18:2tt-NMID + t9t12, C18:2cot12, C18:2t9c12, C18:2
c9cl2, C18:3c6c9c12, C20:2c,cnb, C20:3n6, C20:4n6 (AA).

9C18:2cot11 +t7c9 +1t8c10,t10c12,t11c13 +c9cll, tot11l.

"C10:1, C12:Xc + C13, C14:1ct, C16:1ct, C17:1t, ¥ C18:1,> C18:2, C20:1, C18:3
c6c9cl2, C20:1c5, C20:1c9, C20:1c11, C18:3c9cl2cl5, C18:2c9t11 +t7c9 +18cl0,
C18:21t11c13 +c9cl1, C18:2t10c12, C18:2t9t11, C20:2c,c n6, C20:3n6, C20:3n3,
C20:4n6 (AA), C20:5n3 (EPA), C22:5n3 (DPA), C22:GD8HA).
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Table 4. Mean contents (g 100 fat) of individual fatty acids in milk fat of AoatRed

Pied cows fed hay and concentrate separately (6&) a total mixed ration (TMR).

Feeding technique P
SR TMR

(n=72f (n=72) kTS
C4 3.08 2.95 ns ok
C5 0.02 0.02 ns *k
C6 2.14 2.10 ns *k
Cc7 0.02 0.02 ns *k
C8 1.30 1.30 ns i
C10 2.84 2.86 ns *x
Cil0:1 0.38 0.35 ns rxk
Ci12 3.35 3.33 ns *x
C13iso 0.04 0.04 ns *rk
C13aiso 0.10 0.09 ns xk
Cl1l2:1c+ C13 0.19 0.18 ns ns
Cl4iso 0.19 0.18 ns *k
Cl4 10.25 10.11 ns Fxk
C15iso 0.31 0.30 ns xk
C14:1t 0.01 0.01 ns *k
C1l5aiso 0.54 0.53 ns xk
Cl4:1c 0.92 0.93 ns *xk
Ci15 1.22 1.22 ns ok
C16iso 0.36 0.35 ns *
C16 28.53 27.82 ns *k
C17iso 0.33 0.32 ns ns
C16:1t 0.06 0.05 ns *
C1l7aiso 0.64 0.61 ns ns
Cil6:1c 1.07 1.08 ns xk
C17 0.56 0.53 ns ok
C18iso 0.01 0.01 ns xk
C17:1t 0.06 0.06 ns ns
C18aiso 0.21 0.20 ns *k
C18 6.74 6.42 ns ok
C18:1t5 0.01 0.01 ns *
C18:1t6-11 1.41 1.26 ns *
C18:1t12-14 +c6-8 0.33 0.31 ns *
C18:1c9 14.23 13.78 ns *
Cl8:1cl1 0.46 0.44 ns ns
C18:1cl12 0.16 0.16 ns *
C18:1c14 +tl16 0.19 0.18 ns ns
C19 0.09 0.08 ns *

C18:2t,t-NMID + t9t12 0.07 0.06 ns ns
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C18:2c9t13 +t8c12 0.06 0.06 ns *
C18:2cot12 0.09 0.09 ns ns
C18:2c,c-MID + t8cl13 0.09 0.09 ns ns
C18:2t11c15 0.08 0.08 ns *x
C18:2t9c12 0.12 0.11 ns *k
C18:2c9c12 (LA) 1.41 1.28 ns Fkk
C18:2c9c15 0.01 0.01 ns *kk
C20 0.13 0.13 ns ns
C20:1t 0.03 0.02 ns ns
C18:3¢c6c9cl2 0.02 0.02 ns ns
C20:1c5 <0.01 <0.01 ns *
C20:1c9 0.14 0.13 ns ns
C20:1c11 0.04 0.04 ns *hk
C18:3c9c12c15 (ALA) 0.58 0.54 ns **
CLA c9t11 +t7c9 +18c10 0.51 0.47 ns *k
CLA t10c12 <0.01 <0.01 ns ns
CLA t11c13 +c9cl1 0.02 0.02 ns *
CLA tot11 0.01 0.01 ns ns
C20:2c,c n6 0.02 0.02 ns **
C22 0.03 0.03 ns ok
C20:3n6 0.05 0.05 ns ns
C20:3n3 0.01 0.01 ns *
C20:4 n6 (AA) 0.07 0.07 ns ns
C20:5 n3 (EPA) 0.06 0.06 ns *x
C22:5 n3 (DPA) 0.06 0.06 ns ns
C22:6 n3 (DHA) <0.01 <0.01 ns ns

Abbreviations: n, number of milk samples; FT, feediechnique; SD, sampling date;
cis; t, trans NMID, non methylene interrupted diene; MID, md#ne interrupted
diene; LA, linoleic acid; ALAa-linolenic acid; CLA, conjugated linoleic acid; AA,
arachidonic acid; EPA, eicosapentaenoic acid; Di&psapentaenoic acid; DHA,
docosahexaenoic acid.

" Probability: *** P<0.001; ** P<0.01; * R0.05; ns, not significant (P>0.05). The
effect of interaction between feeding technique sachpling date (FT x SD) was not
significant; therefore significance are only prdasenfor feeding technique (FT) and
sampling date (SD).

* Total number of milk samples equal to 72 (12 cevéssampling days).



