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conditions, as well as to validate the results in on-farm conditions. Three experiments were
conducted in controlled conditions, and were designed to be representative of dairy sys-
tems with increasing fresh herbage proportions in cow diets: low (25% of diet dry matter
(DM)); high (75% of diet DM), and full grazing (100% of diet DM). The fourth experiment
was a survey conducted in commercial farms that adopt feeding systems similar to those
H . of controlled conditions. An overall effect of herbage phenology on milk FA composition
erbage phenological stage d

Fresh herbage proportion was observed. The number of FA that were affected by herbage phenology was higher as
Dairy farming system the proportion of fresh herbage in the cow diets increased. The C16:0, total even chain
saturated FA, odd chain FA, branched-chain FA, C18:1¢9, and monounsaturated FA con-
centrations in milk increased with increasing herbage phenology, whereas the de novo
synthesized FA, C18:1t11, CLAc9t11, C18:3n— 3 and total polyunsaturated FA concentra-
tions decreased. When low proportions of fresh mature herbage was fed to cows, the FA
profile of the derived milk differed from the control diet (without fresh herbage) only for
the higher concentrations of C18:1t11, CLAc9t11, and C18:3n — 3, whereas the differences
were greater and significant for several FA for similar proportions of fresh herbage at an
early phenological stage. The results obtained in controlled conditions were confirmed on-
farm: the C18:1t11 and CLAc9t11 were the most sensitive FA to the effect of fresh herbage
phenology. However, when low fresh herbage proportion were used in cow diets, the effect
of herbage phenology on milk FA concentration was negligible.

© 2015 Elsevier B.V. All rights reserved.

Keywords:
Milk fatty acids

Abbreviations: ADF, acid detergent fiber; aNDF, neutral detergent fiber; BCFA, sum of branched-chain FA; CLA, conjugate linoleic acid; CP, crude protein;
de novo FA, sum of de novo synthetized FA; ECSFA, sum of even-chain saturated FA; FA, fatty acid; DM, dry matter; MUFA, sum of monounsaturated FA;
OCFA, sum of odd-chain FA; OMD, organic matter digestibility; PUFA, sum of polyunsaturated FA; SFA, saturated FA; TMR, total mixed ration.

* Corresponding author.
E-mail address: mauro.coppa@unito.it (M. Coppa).

http://dx.doi.org/10.1016/j.anifeedsci.2015.07.006
0377-8401/© 2015 Elsevier B.V. All rights reserved.

Please cite this article in press as: Coppa, M., et al., Effect of phenological stage and proportion of fresh herbage in cow
diets on milk fatty acid composition. Anim. Feed Sci. Tech. (2015), http://dx.doi.org/10.1016/j.anifeedsci.2015.07.006



dx.doi.org/10.1016/j.anifeedsci.2015.07.006
dx.doi.org/10.1016/j.anifeedsci.2015.07.006
http://www.sciencedirect.com/science/journal/03778401
http://www.elsevier.com/locate/anifeedsci
mailto:mauro.coppa@unito.it
dx.doi.org/10.1016/j.anifeedsci.2015.07.006

G Model
ANIFEE-13329; No.of Pages 13

2 M. Coppa et al. / Animal Feed Science and Technology xxx (2015) XxX—-Xxx
1. Introduction

In Europe, grasslands occupy about 39% of the utilized agricultural area, and grazing dairy cows account for about 24
million grazing livestock units (Peeters, 2012). Thus, pasture-based dairy farming systems play a key role in European
milk production. These systems are also interesting because of the high nutritional value of the produced milk, in particular
referring to the fatty acid (FA) composition. Feeding cows with fresh herbage increases milk polyunsaturated FA (PUFA), con-
jugated linoleic acids (CLA) and n — 3 FA and decreases saturated FA (SFA) and n — 6 FA concentrations in milk (Shingfield et al.,
2013; Chilliard et al., 2007; Dewhurst et al., 2006), and thus a more favorable FA profile is reached for human health (Kratz
etal., 2013; Givens, 2010). Recently, some dairy companies, in various EU countries (i.e. France, Belgium, The Netherlands),
have applied a price premium for cow milk rich in FA with a putative positive effect on health (i.e. high concentrations of n — 3
and PUFA, and low concentrations of SFA) (Borreani et al., 2013). However, the FA composition of pasture-derived milk and
dairy products varies to a great extent according to herbage characteristics and diet formulation (i.e. forage-to-concentrate
ratio) (Chilliard et al., 2007; Dewhurst et al., 2006), whereas animal related factors (i.e. breed and lactation stage) have been
shown to have negligible effects (Coppa et al., 2013; Ferlay et al., 2006). The relationships between the botanical composition
of a pasture and FA concentrations of milk have been studied in depth, both in controlled conditions (Coppa et al., 2011;
Ferlay et al., 2006) and in on-farm conditions (Revello-Chion et al., 2010; Bugaud et al., 2002; Collomb et al., 2002). However,
some factors other than botanical composition, such as grazing management, and animal characteristics may affect milk FA
profile (Coppa et al., 2015; Couvreur et al., 2006). Herbage phenological stage can also play an important role, as variations
in the FA concentration of herbage have been reported to vary accordingly by several authors (Glasser et al., 2013; Buccioni
et al,, 2012; Khan et al., 2012). The effects of herbage phenology on milk yield and FA composition have been studied in
sheep grazing on different Mediterranean species of forages or their mixtures (reviewed by Cabiddu et al., 2005). These
authors have shown an increasing trend of C18:3n — 3 and rumenic acid (CLAc9t11) with herbage maturity. On the contrary,
Vanhatalo et al. (2007) have shown a progressive decrease in both these FA and PUFA concentration in milk with increasing
herbage maturity, when cows were fed ensiled temporary grasslands at different phenological stages. Similar results have
recently been found by Kdlber et al. (2014) for C18:3n — 3, but not for CLAc9t11, when cows were fed indoors with fresh
herbage at vegetative and reproductive stages. However, little is known about how fresh herbage phenology interacts with
various proportions of fresh herbage in cow diets on milk FA concentrations.

The work was aimed at evaluating the effect of herbage phenological stage, and its interaction with different fresh herbage
proportion in cow diet (corresponding to increasing intensification of production conditions), on FA composition of milk in
controlled conditions, and at verifying the results on-farm.

2. Materials and methods
2.1. Animals and feeding treatments

Three experiment with increasing proportion of fresh herbage in cow diet have been conducted in controlled conditions
(Experiments 1, 2 and 3) and a farm survey has been carried out on commercial dairy farms with feeding systems similar to
those studied in the controlled conditions (Experiment 4). Experiments 1 and 2 were carried out at the INRA experimental
farm of Marcenat in an upland area in central France (45°15’N, 2°55’E; altitude 1135-1215 m; annual rainfall 1100 mm),
while Experiment 3 was conducted on a commercial farm located in Scarnafigi (CN), in the Piedmont lowlands, in North-
West Italy (44°41'N, 7°34'E, altitude 295 m; annual rainfall 730 mm). The farms involved in Experiment 4 were distributed
throughout the Torino and Cuneo Provinces in Piedmont, in North-West Italy, as described hereafter.

2.1.1. Experiment 1: Full grazing

After a two-week pre-experimental period, during which 18 winter-calving Montbéliarde cows grazed on the same
pasture, cows were divided into three equivalent groups of six, considering body weight (612 49.1kg), milk yield
(18.0 £ 0.4 kg/cow x day), milk fat and protein contents (37.5 +0.43, and 31.9 + 0.22 g/kg of milk, respectively), days in milk
(177 £7.0), and parity. The three groups were assigned to three pasture plots, differing for floristic diversity, in order to
understand the effect of the evolution of herbage phenology on different pasture types: a temporary grassland; a moderately
biodiversified permanent grassland; and a highly biodiversified permanent pasture. Cows did not receive any concentrate
supplementation. During the 3-week experiment on the first growth cycle, cows grazed during day and night by strip grazing
(electric fences were moved forward every two days). Individual milk samples were collected once a week at weeks 1 and
3, which corresponded to the early (stem elongation) and late (late flowering) herbage phenological stages.

2.1.2. Experiment 2: Intermediate fresh herbage proportion

A group of 5 Montbéliarde winter-calving dairy cows (594 + 14.1 kg of body weight; 15.1 + 1.5 kg/cow x day of milk yield;
109+ 11.9 days in milk) strip-grazed a botanically diversified pasture, for four consecutive weeks in the first growth cycle.
Cows were supplemented with 3.8 kg/cow x day of a commercial concentrate (on a dry matter (DM) basis, wheat, 37.3%,
bran, 22.6%, wheat gluten, 14.4%, sunflower cake, 5.4%, rapeseed cake, 4.6%, cereal by-products, 10.0%, molasses, 2.5%, and
carbonate, minerals and vitamins, 3.2%), and fresh herbage represented about 75% of the dietary DM. Individual milk samples
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were collected once a week at weeks 1 and 4, which corresponded to the early (stem elongation) and late (late flowering)
herbage phenological stages.

2.1.3. Experiment 3: Low fresh herbage proportion

Twelve high-yielding Holstein dairy cows were divided into three homogeneous groups considering milk yield
(31 £0.83 kg/cow x day), days in milk (176 +7.8), and body weight (721 +12.4kg). The first two groups received a total
mixed ration (TMR) supplemented with fresh harvested herbage (mainly Lolium multiflorum), which represented about 25%
of the diet DM, distributed over early (steam elongation) or late (late flowering) phenological stages, respectively. The third
group (used as a control) received the same TMR, without fresh herbage supplementation. All the groups received more
than 10 kg/cow x day of concentrate. After a two-week period of adaptation to the diets, the milk was sampled for three
consecutive days at each milking.

2.1.4. Experiment 4: On-farm survey

Sixty bulk milk samples from grazing herds on commercial farms were collected over a whole grazing season. The farms
were selected to be representative of the three production systems considered in the previously mentioned controlled
experiments. During each milk sampling, the production conditions and herbage phenological stages were recorded thought
on-farm surveys, as described by Borreani et al. (2013). Milk samples were grouped into three groups according to the fresh
herbage proportion in cow diet: Low, Intermediate and Full grazing, with fresh herbage proportions in the cow diets of about
20,75 and 100%, respectively. Milk samples in each group were classified according to the herbage phenological stages: early
phenological stage (Early), from vegetative stage to grass stem elongation; and late phenological stage (Late), from flowering
to grass grain maturity.

2.2. Vegetation surveys, sampling and chemical analysis

The herbage botanical composition was determined through botanical surveys (Braun-Blanquet, 1932). A representative
herbage subsample (as well as a sample of the TMR from Experiment 3) was analyzed for the DM content by oven drying
at 80°C for 48 h (Dulphy et al., 1999) and another subsample was dried for qualitative analyses in a forced-draft oven to a
constant weight at 65 °C, air equilibrated, weighed and ground in a Cyclotec mill (Tecator, Herndon, VA, USA) to pass a 1 mm
screen. The ground samples were analyzed for crude protein (CP) (total N x 6.25), according to the Dumas method (method
number 992.23, AOAC, 2005), using a Nitrogen analyser (Primacs SN, Skalar, Breda, The Netherlands), and for pepsin-cellulase
solubility (Aufrére and Michalet-Doreau, 1983) as a measure of the organic matter digestibility (OMD). Neutral detergent
fiber (aNDF) was analyzed using a Raw Fiber Extractor (FIWE, VELP Scientifica, Usmate Velate, Italy) with the addition of
heat-stable amylase (A3306, Sigma Chemical Co., St. Louis, MO) and expressed on a DM basis including residual ash, as
described by Van Soest et al. (1991). Acid detergent fiber (ADF) and acid detergent lignin were analyzed (Robertson and Van
Soest, 1981) and expressed on a DM basis including residual ash. The starch concentration was determined according to the
AOAC method (method number 996.11; AOAC, 2005), using a K-TSTA assay kit (Megazyme International, Bray, Ireland).

2.3. Milk sampling and analyses

Individual milk samples in Experiments 1, 2 and 3 were pooled in 60:40 ratio for morning and evening milkings of
the sampling day, respectively, while the bulk milk was collected directly from the farm tank in Experiment 4. Milk fat
and protein contents were measured on a subsample by Fourier transform infrared spectroscopy (MilkoScan FT6000, Foss
System, Hillered, Denmark). After having lyophilized (Thermovac TM-20; Froilabo S.A., France) other milk subsamples for FA
analysis, they were methylated and analyzed according to Coppa et al. (2015). The FA methyl esters were injected (0.6 L),
by mean of an auto-sampler, into a gas chromatograph equipped with a flame ionization detector (Agilent Technologies
7890A, Wilmington, USA). The FA methyl esters from all the samples were separated on a 100 m x 0.25 mm i.d. fused-silica
capillary column (CP-Sil 88, Chrompack, Middelburg, The Netherlands). The injector temperature was maintained at 255 °C
and the detector temperature at 260 °C. The initial oven temperature was held at 70 °C for 1 min, increased to 100°C at a rate
of 5°C/min (held for 2 min), and then increased by 10°C/min to 175 °C (held for 42 min), and 5 °C/min to a final temperature
of 225 °C (held for 15 min). The carrier gas was hydrogen and pressure was maintained constant (158.6 kPa) during analysis.
Peaks were routinely identified by comparing retention times against commercial authentic standards. The FA methyl esters
proportions were corrected to the FA proportions, according to their respective molecular weight.

2.4. Statistical analyses

Statistical analyses were performed using the SPSS for Windows software package (version 17.0; SPSS Inc., Chicago, IL). In
the controlled experiments, data were processed using the repeated measure model of analysis of variance. In Experiment
1, the sampling period was the repeated factor, whereas the fixed factors were pasture type, and pasture type x period
interaction. In Experiment 2, the herbage phenological stage was tested as a repeated factor. In Experiment 3, the sampling
day was the repeated factor, whereas the dietary treatment, and dietary treatment x period interaction were the fixed factors.
As neither the day of sampling nor the interaction were found to be significant, only the data about the significance of the
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Table 1
Botanical composition of the plots used for the three controlled experiments.
Item No. of species Proportion of ground cover (%)
Total Species >10 Species 1-10
Experiment 1: temporary grassland 17
Grasses 5 76.2 Dactylis glomerata, Elymus repens, Poa annua
Lolium perenne
Legumes 1 7.1 Trifolium repens
Other species 11 16.7 Taraxacum officinale, Capsella bursa-pastoris,
Plantago major
Experiment 1 moderately 31
biodiversified pasture
Grasses 13 73.6 Dactylis glomerata, Poa pratensis, Festuca rubra, Phleum pratense,
Alopecurus pratensis Bromus mollis, Agrostis tenuis, Arrhenaterum
elatius, Trisetum flavescens
Legumes 3 7.1 Trifolium repens, Lathyrus pratensis
Other species 15 19.3 Stellaria graminea, Achillea millefolium,
Cerastium glomeratum, Stellaria media, Veronica
chamaedrys, Cerastium funtanum, Alchemilla
vulgaris
Experiment 1 highly biodiversified 50
pasture
Grasses 14 52.3 Festuca rubra, Agrostis Festuca ovina, Briza media, Phleum phleoides,
capillaris Trisetum flavescens, Poa pratense, Avenula
pubescens
Legumes 5 1.5 Trifolium repens
Other species 31 46.2 Thymus pulegioides, Plantago lanceolata,
Achillea millefolium, Veronica chamaedrys,
Galium verum, Gentiana lutea, Rumex acetosella,
Cerastium fontanum, Stellaria graminea, Viola
lutea, Luzula campestris, Cerastium tomentosum,
Conopodium majus
Experiment 2 46
Grasses 12 56.3 Festuca rubra, Agrostis Anthoxanthum odoratum, Deshampsia flexuosa,
capillaris Briza media, Cynosurus crystatus, Avenula
pubescens
Legumes 9 5.7 Trifolium repens, Chamaespartium sagittale,
Lotus corniculatus
Other species 25 38 Hieracium pilosella, Thymus pulegioides,

Genziana lutea, Stachys officinalis, Achillea
millefolium, Galium verum, Helianthemum
nummularium, Meum athamanticum, Potentilla
tebernaemontani, Scabiosa columbaria, Plantago

lanceolata
Experiment 3 14
Grasses 5 86 Lolium multiflorum
Legumes 2 8 Trifolium repens, Trifolium pratense
Other species 7 6

dietary treatment are reported. In Experiment 4, general linear model of analysis of variance was used, in which the fresh
herbage proportion in cow diet, the herbage phenological stage and their interaction were used as fixed factors.

3. Results
3.1. Herbage and feedings composition

The vegetation of the plots used in the controlled experiments was dominated by grasses (Table 1), with a ground cover
that exceeded 70%, except for the highly biodiversified pastures in Experiment 1 and Experiment 2, in which it was around
50%. The legume contribution to the ground cover was low for all the experimental plots, whereas the contribution of the
other families was high, especially for the highly biodiversified pasture (in Experiment 1) and in Experiment 2 (>40%). The
botanical composition of the pastures grazed in the farms involved in the survey showed a numerically lower contribution
of grasses to the herbage ground cover than the experimental plots, and a higher contribution of legumes. The legume
contribution to ground cover on average was higher than 40% for the low fresh herbage groups and the late group, in the
farms with an intermediate herbage proportion in the cow diet (Fig. 1). The contribution of the other species to the ground
cover was over 40% in both Early and Late groups of the Full grazing farms and in the early group of the farm giving an
intermediate fresh herbage proportion in cow diet (Fig. 1). The majority of the farms of Full grazing group grazed during
summer on upland pasture (in average about 1800 m a.s.l.; Table 3), whereas the availability of upland pastures during

Please cite this article in press as: Coppa, M., et al., Effect of phenological stage and proportion of fresh herbage in cow
diets on milk fatty acid composition. Anim. Feed Sci. Tech. (2015), http://dx.doi.org/10.1016/j.anifeedsci.2015.07.006



dx.doi.org/10.1016/j.anifeedsci.2015.07.006

G Model
ANIFEE-13329; No.of Pages13

M. Coppa et al. / Animal Feed Science and Technology xxx (2015) xXx—-Xxx 5
100
90
80
70
60
5 ] e .
40
30
20
10
0
Early Late Early Late Early Late
Low Low Full Full Full Full
OGrasses W Legumes O Other species

Fig. 1. Proportions of grasses, legumes and other species on total ground cover in the vegetation of the plots grazed by the herd of the commercial farm
during the survey. Note: Low, low fresh herbage proportions in cow diet; Int., intermediate fresh herbage proportions in cow diet; Full, full grazing; Early,
from grasses steam elongation to booting; Late, from grasses heading to flowering.

summer was less frequent among the farms of the Intermediate group, mainly grazing mountain pasture at an intermediate
altitude (on average about 700 m a.s.l.; Table 3). The Low groups grazed only lowland pastures (Table 3).

The DM, aNDF, and ADF contents of the herbage increased numerically, while the CP content and OMD decreased with
herbage maturity in Experiments 1 (for all the pasture types), 2 and 3 (Table 2). In Experiment 1, the decrease in CP and OMD
was numerically higher for the temporary grassland. The Late fresh herbage had higher DM, aNDF, and ADF contents, and a
lower CP content and OMD value than the Early one (Table 2). The TMR starch content was 28.3 g/kg DM. The Experiment 3
forage-to-concentrate ratio (F/C) was 65/35 for both the Early and Late groups, and 55/45 for the TMR control group (Table 2).

In Experiment 4, the fresh herbage proportions in cow diet in the Low, Intermediate and Full grazing groups were similar
to those applied in the three controlled experiments (Table 3). In the Intermediate group, fresh herbage was supplemented
with small amounts of hay (about 16% of diet DM) and concentrates (about 10% of diet DM), whereas in the Low group, fresh
herbage was supplemented with higher amounts of hay and concentrate (about 25 and 36% of diet DM, respectively) and
with corn silage (about 20% of diet DM). The herd characteristics and cow diet compositions were similar for the Early and
Late sub-groups in the Low, Intermediate and Full grazing groups. Slightly higher values of DM, aNDF, and ADF contents
and a lower CP content and OMD value were observed for the fresh herbage in all the Late groups, compared to the Early
groups. The chemical composition of the herbage in Experiment 4 was within the range of values of the herbage from the

Table 2
Cow diet composition and nutritive value of herbage (and total mixed ration in Experiment 3) according to herbage phenological stage in the experiments
conducted in controlled conditions.

Item? Experiment 1 Experiment 2 Experiment 3
Temporary Moderately Highly
grassland biodiversified biodiversified
pasture pasture
Early Late Early Late Early Late Early Late Early Late TMR®
Cow breed Montbéliarde Holstein
Live weight 614 603 618 603 604 600 594 571 720 718 724
Days in milk 152 173 150 171 153 174 109 138 169 182 176
Diet composition (% on DM)"
Fresh herbage 100 100 100 100 100 100 75 75 25 25 -
Conserved forages® - - - - - - - - 40 40 55
Concentrate — raw materials? - - - - - - - - 22 22 28
Commercial concentrate mix - - - - - - 25 25 12 12 16
Forage to concentrate ratio 100-0 100-0 100-0 100-0 100-0 100-0 75-25 75-25 65-35 65-35 55-45
DM (%) 16.8 20.8 213 27.4 273 33.7 20.7 40.7 193 24.8 55.8
NDF (g/100 g DM) 45.1 50.4 433 49.1 45.0 50.4 55.9 58.4 53.2 55.5 38.5
ADF (g/100 g DM) 284 344 27.0 333 29.0 333 31.0 33.2 31.0 315 204
CP (g/100g DM) 17.8 124 15.2 13.1 13.8 13.2 133 11.2 153 13.0 17.2
OMD (%) 77.7 71.8 74.0 69.6 74.0 71.9 69.0 64.5 69.9 68.3 82.9

2 Early, grasses between stem elongation and booting; Late, grasses between heading and flowering; DM, dry matter; NDF, neutral detergent fiber; ADF,
acid detergent fiber; CP, crude protein; OMD, organic matter digestibility; TMR, total mixed ration.

b All the diets were balanced to satisfy animal mineral requirements.

¢ Early and Late diets: 4% alfalfa hay, 4% permanent grassland hay, 3% alfalfa haylage; TMR diet: 6% alfalfa hay, 6% permanent grassland hay, 4% alfalfa
haylage.

d Early and Late diets: 13% corn flour, 2% barley flakes, 7% soybean meal; TMR diet: 17% corn flour, 2% barley flakes, 9% soybean meal.

¢ TMR starch content=28.3 g/100 g of DM.
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Table 3
Herd characteristics, diet composition, and fresh herbage nutritive value according to the fresh herbage phenological stage and proportions in cow diet in
the commercial farms involved in the survey.

Item? Low Intermediate Full grazing
Early Late Early Late Early Late
No. of samples 9 8 14 7 8 14
No. of cows/farm 84 72 22 21 28 30
Breed (% of farms in the group)
Holstein 70.0 71.4 - - - -
Piemontese - - 133 57.1 50.0 214
Valdostana Red Pied - - 733 28.6 125 28.6
Italian Red Pied - - 6.7 143 - 7.2
Bara-Pustertaler - - - - 12.5 214
Crossbreeds 30.0 28.6 6.7 - 25.0 214
Altitude (m a.s.l.) 247 253 793 615 1811 1869
Farm with upland pasture (%) - - 333 14.3 87.5 78.6
Diet composition (% on DM)
Fresh herbage 211 171 714 73.5 100 100
Hay 26.6 229 15.7 18.2 - -
Corn silage 15.7 23.6 0.3 - - -
Concentrates 36.6 36.4 12.6 8.3 - -
Fresh herbage nutritive value
DM (%) 21.6 22.0 23.5 25.4 30.1 33.6
NDF (g/100 g DM) 454 47.5 48.9 50.7 50.2 534
ADF (g/100g DM) 24.6 28.8 31.5 31.8 30.1 31.7
CP (g/100 g DM) 171 15.7 14.0 12.6 14.9 12.3
OMD (%) 77.5 68.8 733 69.0 69.7 67.9

2 Low, low fresh herbage proportions in cow diet (20% of DM); Intermediate, intermediate fresh herbage proportion in cow diet (75% of DM); Early, from
grasses steam elongation to booting; Late, from grasses heading to flowering; DM, dry matter; NDF, neutral detergent fiber; ADF, acid detergent fiber; CP,
crude protein; OMD, organic matter digestibility.

experimental plots. The Low fresh herbage group of farms mainly rear Holstein cows and crossbreeds (i.e. Holstein x Belgian
Blue, or Holstein x Piemontese), whereas the farms in the Intermediate fresh herbage proportion and Full grazing groups,
mainly rear double purpose local breeds, such as Valdostana Red Pied, Italian Red Pied, Piemontese, Bara-Pustertaler, and
several crossbreeds, including crossbreeds with Holstein cows.

3.2. Cow performance

The milk yield decreased with the development of herbage phenological stage for all pasture types in Experiment 1
(Table 4) and in Experiment 2 (Table 5). The milk protein content decreased with herbage maturity in Experiment 2 (Table 5).
In Experiment 3, the cows fed TMR plus herbage at a late phenological stage produced less milk than those fed TMR plus
herbage at an earlier phenological stage or only TMR (Table 6). Cows from the Early or TMR groups had a lower milk
protein content than the Late group (Table 6). On the other hand, when operating in on-farm conditions (Experiment 4),
no differences in dairy performance were observed on the basis of the herbage phenology (Table 7), but the milk yield was
significantly higher in the farms of Low fresh herbage proportion group.

3.3. Milk FA composition

3.3.1. Experiment 1: Full grazing

The even chain saturated FA (ECSFA) were generally stable during the experiment, except for the highly biodiversified
pasture groups, for which they decreased when herbage was grazed at a late stage. However, the milk C16:0 concentration
increased with herbage maturity for all groups, while the C18:0 concentration decreased (Table 4; Fig. 2). The sum of the
de novo synthesized FA decreased on average with the development of herbage phenology. The odd chain FA (OCFA) and
branched-chain FA (BCFA) increased when cows grazed on mature herbage, except for the highly biodiversified pasture group,
for which the BCFA concentration did not differ. As far as the monounsaturated FA (MUFA) are concerned, the concentrations
of C18:1c9 and the total C18:1cis isomers generally increased in the milk from highly biodiversified pasture group, as the
herbage phenology proceeded. On the contrary, the C18:1t11, and total C18:1trans isomers concentrations decreased as
the herbage phenology developed for the three groups (Table 4; Fig. 2), but the decrease tended to be more noticeable for
the highly biodiversified pasture. The CLAc9t11 and the total PUFA concentrations followed the same trend as C18:1t11
(Table 4; Fig. 2). The milk C18:2n — 6 concentration was higher when cows grazed on herbage at a late phenological stage
rather than at an earlier one for the highly biodiversified pasture group, but was stable for the other groups. The C18:3n -3
concentration decreased with herbage maturity for the three groups, whereas the n— 6 FA to n — 3 FA ratio did not differ
among periods for the temporary grassland and the moderately diversified pasture, but increased with the development of
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Table 4

Experiment 1 - Full grazing: changes in milk yield and composition from the three pasture types according to herbage phenology.

Item? Temporary Moderately Highly SEM Effects and significance®
grassland biodiversified biodiversified
pasture pasture
Early Late Early Late Early Late Pasture type Phenology Interaction
Milk yield (kg/cow x day) 18.22b 14.3¢d 20.32 15.5b¢ 15.6b¢ 12.34 0.38 o o *
Fat (g/kg of milk) 36.3 38.1 37.2 36.8 389 37.6 0.43 ns ns ns
Protein (g/kg of milk) 325 32.2 329 325 30.5 30.0 0.21 > ns ns
Fatty acid (g/100 g FA)
Z de novo FA 25.65 24.79 28.81 26.87 21.04 20.41 0.465 o * ns
C16:0 21.76 24.51 23.14 25.77 23.53 25.22 0.236 ns o ns
C18:0 8.47b¢ 8.04¢ 8.20¢ 8.68P 10.382 8.05¢ 0.212 ns o .
C18:1t10 0.32 0.28 0.34 0.26 0.36 0.26 0.013 ns * ns
C18:1t11 3.49b 2.77¢ 3.642 2.59¢ 3.628 1.99¢ 0.125 ns o *
C18:1¢9 21.95¢ 2139  18.634 19.09%  23.36° 26.362 0.423 o * o
C18:2n-6 0.92b¢ 0.79¢ 0.77¢ 0.77¢ 1.09b 1.292 0.028 o ns .
C18:3n-3 0.67 0.59 0.60 0.58 0.80 0.77 0.019 * o ns
CLACOt11 2.09 1.80 2.11 1.42 1.69 1.26 0.083 ns o ns
ECSFA 56.04%  57.54>  60.29%  61.53? 55.23¢ 53.914 0.497 o ns *
OCFA 2.38 2.83 2.26 2.59 237 2.68 0.033 ns o ns
BCFA 2.49b 2.75% 2.36¢ 2.6720 2.41b¢ 2.40b  0.032 ns o >
MUFA 31.64° 30.06¢ 28.35¢4 27244 33.07®>  34,65° 0.449 o ns o
PUFA 477 414 435 3.61 4.61 4.15 0.083 ns o ns
¥ C18:1t 5.21 4.15 523 3.90 523 3.16 0.137 ns o t
¥ C18:1c 23.11b¢  2247b 19,584 20.044 24.720 27.742 0.447 o * o
n-6/n-3 1.41% 1.42% 1.37% 1.35P 1.32P 1.672 0.027 ns * *
C14:1c9/C14:0 0.082 0.085 0.093 0.083 0.076 0.083 0.001 ns ns ns
C18:1¢9/C16:0 1.022 0.88P 0.81¢ 0.754 1.00% 1.052 0.023 * 1 o

A Early, grasses between stem elongation and booting; Late, grasses between heading and flowering; de novo FA, sum of de novo synthetized FA; ECSFA, sum
of even-chain saturated FA; OCFA, sum of odd-chain FA; BCFA, sum of branched-chain FA; MUFA, sum of monounsaturated FA; PUFA, sum of polyunsaturated

FA.

B ***p<(0,001; **P<0.01; *P<0.05; 'P<0.1; ns = not significant; different superscript letters within the same row indicate differences among pasture types

and herbage phenology.

Table 5

Experiment 2 - Intermediate fresh herbage proportion in cow diet: changes in milk yield and composition according to herbage phenology.

Item? Early Late SEM Significance”
Milk yield (kg/cow x day) 22.97 15.77 0.990 *
Fat (g/kg of milk) 36.91 38.12 1.185 ns
Protein (g/kg of milk) 31.95 30.34 0.609 f
Fatty acid (g/100g FA)
% de novo FA 23.13 22.29 0.370 ns
C16:0 2445 26.65 0.355 *
C18:0 10.03 10.64 0.348 ns
C18:1t10 0.47 0.28 0.026 *
C18:1t11 2.96 1.88 0.136 o
C18:1c¢9 23.41 23.82 0.433 ns
C18:2n-6 1.19 1.13 0.039 ns
C18:3n-3 0.68 0.59 0.019 *
CLACOt11 1.38 0.86 0.084 *
ECSFA 57.80 59.86 0411 t
OCFA 2.30 2.28 0.031 ns
BCFA 2.15 2.07 0.046 ns
MUFA 31.98 30.71 0.389 ns
PUFA 4.03 3.25 0.125 *
¥ C18:1t 4.66 3.15 0.181 o
¥ C18:1c 24.27 24.57 0.439 ns
n-6n-3 1.55 1.66 0.060 ns
C14:1¢9/C14:0 0.07 0.07 0.001 ns
C18:1¢9/C16:0 0.96 0.90 0.025 *

a Early, grasses between stem elongation and booting; Late, grasses between heading and flowering; de novo FA, sum of de novo synthetized FA; ECSFA, sum
of even-chain saturated FA; OCFA, sum of odd-chain FA; BCFA, sum of branched-chain FA; MUFA, sum of monounsaturated FA; PUFA, sum of polyunsaturated

FA.

b **p<0.01; *P<0.05; TP<0.1; ns=not significant.
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Experiment 3 - Low fresh herbage proportion in cow diet: milk yield and composition according to the herbage phenological stage in comparison to total

mixed ration (TMR).

Item? Early Late TMR SEM Significance®
Mill yield (kg/cow x day) 30.42 28.0b 31.62 0.75 >
Fat (g/kg of milk) 36.9 35.8 354 0.79 ns
Protein (g/kg of milk) 33.42 31.6° 33.42 0.40 o
Fatty acid (g/100g FA)
Z de novo FA 20.36° 21.28b 22232 0.346 *
C16:0 27.31b 28.642 29.082 0.318 o
C18:0 10.59 10.36 10.39 0.174 ns
C18:1t10 0.39° 0.62? 0.46° 0.023 .
C18:1t11 1.472 1.39? 1.05° 0.060
C18:1c9 23.182 20.70b 20.72° 0.411 *
C18:2n-6 2.19° 2.662 2.50° 0.068 e
C18:3n-3 0.412 0.37° 0.31¢ 0.010 .
CLAC9t11 0.692 0.65° 0.55° 0.021 .
ECSFA 58.61° 60.64° 62.042 0.540 .
OCFA 2.20° 1.92b 1.97° 0.030 *
BCFA 2.06° 1.77° 1.69° 0.036 o
MUFA 31.592 29,7820 28.91° 0.466 .
PUFA 4.70%b 5.07¢ 4.60° 0.088 A
¥ C18:1t 3.14% 3.61° 2,94 0.104 *
¥ C18:1c 24.962 22.70b 22.62° 0.426 *
n-6/n-3 4.67° 6.09? 6.512 0.186 A
C14:1c¢9/C14:0 0.085 0.086 0.087 0.002 ns
C18:1c9/C16:0 0.85° 0.73b 0.72> 0.023 *

A Early, grasses stem elongation; Late, grasses flowering; de novo FA, sum of de novo synthetized FA; ECSFA, sum of even-chain saturated FA; OCFA, sum

of odd-chain FA; BCFA, sum of branched-chain FA; MUFA, sum of monounsaturated FA; PUFA, sum of polyunsaturated FA.

B ***p<0,001; **P<0.01; *P<0.05; ns =not significant; different superscript letters within the same row indicate differences among treatments.

Table 7
Experiment 4 - Survey on farm: milk yield and composition according to the fresh herbage phenology and proportion in cow diet.
Item” Low Intermediate Full grazing SEM Effect and significance®
Early Late Early Late Early Late Fresh herbage Phenology  Interaction
proportion

Milk yield (kg/cow x day)  22.0 233 9.1 7.3 7.5 6.8 1.1 . ns ns

Fat (g/kg of milk) 379 38.5 375 37.6 40.7 38.9 0.41 ns ns ns

Protein (g/kg of milk) 33.7 339 334 335 34.6 343 0.31 ns ns ns

Fatty acids (g/100 g FA)
Z de novo FA 23.45 23.67 19.61 20.09 18.96 17.57 0.377 o ns ns
C16:0 29.04 29.81 2417 23.56 22.55 22.15 0.478 . ns ns
C18:0 9.74 9.66 10.36 11.58 10.76 11.29 0.193 * * f
C18:1t10 0.29 0.29 0.27 0.25 0.30 0.26 0.006 ns ns ns
C18:1t11 1.144 1.09¢ 3.350 2.43¢ 4.612 3.63> 0.174  *** . *
C18:1¢9 19.90 19.26 22.87 22.88 21.37 24.18 0.391 o ns f
C18:2n-6 1.96 1.87 1.40 1.53 1.53 1.60 0.051 o ns ns
C18:3n-3 0.61 0.55 1.06 1.14 1.45 1.37 0.051 . ns ns
CLACOt11 0.554 0.514 1.72b 1.11¢ 2.142 1.67° 0.082 ok ok *
ECSFA 62.50 63.40 54.44 55.58 52.62 51.40 0.697 . ns ns
OCFA 221 213 2.77 3.01 3.03 3.13 0.067 o ns ns
BCFA 2.08 1.97 2.77 2.81 3.07 2.92 0.071 . ns ns
MUFA 27.82 27.28 33.10 32.12 32.78 34.82 0.491 o ns ns
PUFA 449 4.31 5.97 5.69 7.59 6.83 0.167 o * f
¥ C18:1t 2.544 2.524 4.86° 3.87¢ 6.16% 5.17° 0.186  *** * *
¥ C18:1c 21.58 21.02 24.68 24.84 23.24 26.20 0.409 o ns f
n-6n-3 291 2.99 1.25 1.30 1.03 1.13 0.121 o ns ns
C14:1c9/C14:0 0.092 0.092 0.089 0.080 0.070 0.077 0.002 . ns ns
C18:1¢9/C16:0 0.71 0.66 0.96 0.98 0.95 1.09 0.028 o ns ns

A Low, low fresh herbage proportions in cow diet (20% of DM); Intermediate, intermediate fresh herbage proportion in cow diet (75% of DM); Early,
from grasses steam elongation to booting; Late, from grasses heading to flowering; de novo FA, sum of de novo synthetized FA; ECSFA, sum of even-chain
saturated FA; OCFA, sum of odd-chain FA; BCFA, sum of branched-chain FA; MUFA, sum of monounsaturated FA; PUFA, sum of polyunsaturated FA.

B ***p<0,001; **P<0.01; *P<0.05; {P<0.1; ns = not significant; different superscript letters within the same row indicate differences among treatments.
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Fig. 2. Effect of herbage phenological stage on milk FA concentrations at increasing fresh herbage proportion in cow diet: comparison of results found in
controlled conditions and on farm. Note: Low, low fresh herbage proportions in cow diet; Intermediate, intermediate fresh herbage proportions in cow
diet; Early, from grasses steam elongation to booting; Late, from grasses heading to flowering.

herbage phenology in the highly biodiversified pasture. The C18:1c9 to C16 ratio decreased in the temporary grassland and
moderately diversified pasture milk during the experiment, but was stable in the highly biodiversified pasture milk.

3.3.2. Experiment. 2: Intermediate fresh herbage proportion

The milk C16:0 concentration increased as the herbage phenology developed (Table 5; Fig. 2). The same trend was
observed numerically (P<0.10) for the ECSFA concentration. The C18:1t10, C18:1t11, total C18:1trans isomers, CLAc9t11,
and total PUFA concentrations decreased as the herbage phenology developed. On the other hand, no significant differences
were observed for C18:1c9 and total C18:1cis isomers on the basis of the phenological stage of grazed herbage. The milk
C18:3n — 3 concentration decreased as the herbage phenology developed (Table 5; Fig. 2). The C18:2n -6, and the n— 6 FA
to n — 3 FA ratio remained stable, whereas the C18:1¢9 to C16:0 ratio decreased with herbage grazed at a late phenological
stage.

3.3.3. Experiment 3: Low fresh herbage proportion

The milk C16:0 concentration of the Early group was lower than those of the other groups (Table 6; Fig. 2). The Early
group produced milk with higher concentrations of C18:1c9, total C18:1cis isomers, OCFA, and BCFA, as well as a higher
C18:1c9 to C16:0 ratio, but with a lower C18:2n — 6 concentration and a lower n — 6 FA to n — 3 FA ratio than the Late and
TMR groups, which did not differ from each other as far as the concentrations of these FA are concerned. The C18:3n -3
concentration was the highest in the Early milk, and the lowest in the TMR milk (Table 6). The milk from the Late group also
had a higher concentration of C18:1t10 than the other groups. The milk from Early and Late groups did not differ as far as
the C18:1t11 and CLAc9t11 concentrations are concerned, as both were higher than in the TMR milk.

3.3.4. Experiment 4: On-farm survey

The groups of farms with different fresh herbage proportion were associated with changes in almost all the milk FA
concentrations (Table 7). The concentrations of saturated FA (except for C18:0) and the C18:2n -6, and the n—6 FA to
n—3 FA ratio decreased, whereas all the other FA concentrations increased with increasing fresh herbage proportions in
the cow diet. Only C18:0, C18:1t11, CLAc9t11, the sum of the C18:1trans isomers, and the total PUFA concentrations varied
according to herbage phenological stage (Table 7). Their concentrations in the Early and Late milk did not differ within the
Low fresh herbage group. However, in the Intermediate fresh herbage group, the concentration of C18:0 (—1.22g/100g FA)
was lower, while the concentrations of C18:1t11, CLAc9t11, and the sum of the C18:1trans isomers were higher for Early
milk than for Late milk (+0.92, +0.51, and +0.99 g/100 g FA, respectively) (Table 7). A similar trend was also observed in the
Full grazing groups: —0.53; +0.98, +0.47, and +0.99 g/100 g FA for C18:0, C18:1t11, CLAc9t11, and for the sum of C18:1trans
isomers, respectively (Table 7). The concentrations of these FA of the Late Full grazing milk were similar to those of the Early
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Intermediate fresh herbage milk (Table 7; Fig. 2). The concentration of C18:1c9 and of the sum of C18:1cis isomers tended
to be higher (P<0.10) in cows grazing on herbage at a late phenological stage than at an earlier one, when cows grazed fresh
herbage only (+2.81 and +3.04 g/100 g FA, respectively) (Table 7).

4. Discussion
4.1. Effect of herbage phenology on milk fatty acid composition in controlled conditions

The experiments carried out in controlled conditions have highlighted an overall effect of herbage phenological stage on
milk yield and FA composition (Fig. 2). As expected, milk yield decreased as the herbage nutritive value decreased, due to the
development of herbage phenological stage. The higher the proportion of fresh herbage in cow diet, the higher the number
of groups or individual FA that were affected by herbage phenological stage. When fresh herbage was the main ingredient
in a cow diet, an increase in the C16:0 concentration was observed with the development of the herbage phenology (Fig. 2).
Similar finding were observed by Cabiddu et al. (2005) for ewe milk. The increase in milk C16:0 concentration can be related
to the increase in C16:0 concentration in herbage during maturation (Glasser et al., 2013; Revello-Chion etal.,2011), as about
half of the C16:0 in the milk is derived directly from dietary C16:0 (Chilliard et al., 2007). Mature herbage is characterized by
lower readily degradable fiber content and higher undegradable fiber content (Revello-Chion et al.,2011), which could result
in a lower production of rumen volatile FA, which is used as a substrate for the de novo synthesis of FA in the mammary gland
(Chilliard et al., 2007). This hypothesis is consistent with the lower concentration of de novo synthesis FA concentration in the
milk produced from herbage grazed at late phenological stage compared to earlier stage. The OCFA and BCFA concentrations
in milk, that originate from the ruminal bacteria population, depend on the fiber content of the diets (Dewhurst et al.,
2006; Vlaemink et al., 2006). Thus, the increase observed in OCFA and BCFA concentrations in milk with herbage phenology
development is consistent with the concomitant rise in the aNDF and ADF contents of the herbage (Revello-Chion etal.,2011).
This result has already been observed by Kdlber et al. (2014) who fed different pure forage species to dairy cows. This increase
in milk OCFA and BCFA concentrations with the herbage phenology was not observed when fresh herbage was integrated
with other feeds rich in fiber, such as hay, in cow diet. In the present study, the milk derived from fresh herbage at an earlier
phenological stage had higher concentrations of C18:1t11 and CLAc9t11, than those derived from mature herbage (Fig. 2), a
result that is in agreement with the findings of Vanhatalo et al. (2007) and Cabiddu et al. (2005). When herbage matures, its
fat content and C18:3n — 3 concentration decreases (Coppa et al., 2015; Glasser et al., 2013; Revello-Chion et al., 2011), and
results in a lower intake of this FA when cows are grazed on herbage at a late phenology, thus confirming that C18:1t11 is
an intermediate product of dietary PUFA biohydrogenation (in particular of C18:3n — 3) in the rumen (Chilliard et al., 2007).
A similar explanation could be also given for the decrease in the total PUFA concentration in milk observed as the herbage
phenology developed. However, Kilber et al. (2014) observed an increasing trend in C18:1t11 and CLAc9t11 in cows fed
fresh cut buckwheat, chicory and phacelia, species, which were selected because of their high plant secondary metabolites
content. The effect of herbage phenology on milk FA composition was found to be different for the different forage species, on
the basis of the different evolutions of the plant secondary metabolites or enzymes contents (i.e. polyphenol-oxidase) during
maturation (Kdlber et al., 2014; Cabiddu et al., 2005, 2010). The plant secondary metabolites and polyphenol-oxidase could
interact with ruminal biohydrogenation and lipolysis that affected the concentration of C18:3n — 3 and its biohydrogenation
intermediate products in the milk (Kélber et al., 2014; Cabiddu et al., 2010; Leiber et al., 2005). This hypothesis could also
explain the contradicting decreasing trend in the C18:3n — 3 concentration in milk when mature herbage was fed to cows
as observed in our study and by Kélber et al. (2014), in contrast to the increasing trend observed by Cabiddu et al. (2005)
feeding Mediterranean species to sheep. However, in the present experiments, the effects of herbage phenology on the FA
composition of milk were similar, regardless of the herbage botanical composition, except for C18:1¢9 and C18:2n — 6, whose
concentrations were higher in the late than in early highly biodiversified pasture milk, and BCFA, whose concentration did
not differ according to the highly biodiversified pasture phenological stage. This result is in agreement with previous findings
in similar conditions (Coppa et al., 2011, 2015). These results could be related to the dominance of grasses (poor in plant
secondary metabolites) in the natural or artificial grasslands in the experimental plots.

An original finding of the present study is the key role played by the phenological stage of the fresh herbage, even when
low proportions of fresh herbage were offered to cows. In fact, when about 25% of dietary DM of mature herbage was fed
to cows, the FA profile of derived milk only differed for the higher concentrations of C18:1t11, CLAc9t11, and C18:3n-3
from the control TMR diet. On the contrary, when cows were fed with a similar proportion of fresh herbage at an earlier
phenological stage, a decrease in the C16:0 and C18:2n — 6 concentrations, and in the n — 6 FA to n — 3 FA ratio, as well as
an increase in the C18:1c9, C18:3n — 3, OCFA, and BCFA concentrations, and the C18:1c9 to C16:0 ratio were observed in
milk compared to both the control TMR and the Late milk. Multiple sources of dietary FA (i.e. corn silage and concentrates,
which are rich in C18:2n -6 or C16:0; Chilliard et al., 2007) were present in the low herbage proportion diet, that could
have affected ruminal biohydrogenation pathways and FA synthesis in the mammary gland. The higher lipid content and
C18:3n — 3 concentration in the herbage at an early phenological stage, compared to mature herbage (Coppa et al., 2015;
Revello-Chion et al., 2011; Elgersma et al., 2006), seemed to be sufficient to change the ruminal environment so that it had
an important impact on milk FA composition. However, this did not happen for the fresh herbage at a late phenological
stage.
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4.2. Effect of farming system characterized by different fresh herbage proportions

In Experiment 4, the groups of farms defined on the basis of the fresh herbage proportion in the cow diet corresponded
to different farming systems. As a consequence, it is not possible to rule out that other factors related to the farming system,
such as breed, may have concurred in determining the differences in the FA composition of milk between the groups of farms.
Indeed, the farms belonging to the Low group reared high yielding breeds (manly Holstein cows), compared to the various
double purpose and low yielding breeds that were reared indifferently in the Intermediate and Full grazing groups. An effect
of cow breed on the FA composition of milk has been shown by several authors in controlled conditions, but has generally
resulted to be minimal compared to the effect of the feeding system, and has mainly been limited to the FA related to the
A —9desaturase activity or to the lipolytic system (Ferlay et al., 2006, 2010; Hurtaud et al., 2009). Furthermore, the effects of
breed and of all the animal related factors were found to be negligible in determining the FA composition of a large number
of bulk milks collected from commercial farms at a European scale (Coppa et al., 2013). Therefore, the differences observed
according to the groups of farms could be more likely due to the combined influence of the proportion of fresh herbage in
the diet and of the botanical composition of the fresh herbage that was grazed. Indeed, the Low group was composed of
farms whose herds mainly grazed on lowland pastures, whereas the Intermediate group was composed of farms whose
herds grazed on mountain pastures at an intermediate altitude, while the Full grazing group was mainly composed of farms
with herds grazing on upland pastures at the highest altitude, with consequent changes in their botanical composition.
The higher proportions of dicotyledonous species in the upland pastures may have induced partial inhibition of ruminal
microflora, thus favoring an increase in C18:2n -6 and C18:3n — 3 concentrations as well as in all their biohydrogenation
intermediate products (Leiber et al., 2005). However, the results obtained in this study are in line with the results on the
effect of fresh herbage proportions in cow diets demonstrated by Couvreur et al. (2006) in controlled conditions or in on-farm
conditions in other territorial contexts (i.e. Ferlay et al., 2008; Coppa et al., 2012, 2013).

4.3. Effect of herbage phenology in on-farm conditions

When validating on-farm the results obtained in controlled conditions concerning the effect of fresh herbage phenology
on milk FA concentrations, the differences between the early phenology- and the late phenology-derived milk within each
farming system can be confirmed, even though for a lower number of FA. The fresh herbage proportion in cow diet has had
an important effect on almost all the FA concentrations in the milk, a result that is in agreement with previous findings
(Coppa et al., 2013; Couvreur et al., 2006). However, an increase in milk C18:0, C18:1¢9 and total C18:1cis isomers, and
a decrease in the C18:1t11, CLAc9t11, total C18:1trans isomers and PUFA concentrations has been observed in the diet in
which fresh herbage was the main ingredient, when it was fed at a late rather than early phenological stage. The extent of
these differences was important, as the full grazing milk produced from mature herbage had similar C18:1t11 and CLAc9t11
concentrations to those achieved with only 75% of the diet DM of fresh herbage grazed at an early phenological stage (Fig. 2).
This result could have important practical applications in the case of the introduction of milk price premiums based on its
FA composition. Full grazing could be advantageous as increasing the fresh herbage proportion in cow diets increases the
milk concentration of several health promoting FA and decreases several unfavorable health FA (Coppa et al., 2013; Couvreur
etal., 2006). However, full grazing implies not using any dietary supplements, and this feeding strategy could be unfavorable
in covering the energy requirements of the animals for lactation, with a consequent drop in milk yield (Pomiés et al., 2013).
On the basis of our results it can be stated that a correct management of the herbage phenology could allow the same FA
profile of full grazing herds to be achieved for a lower proportion of herbage in the cow diet, thus leaving space for additional
supplements to better satisfy animal requirements, to achieve higher milk yields, and to reduce the drop in milk yield during
the grazing season (Farruggia et al., 2014).

On the contrary, when cows are fed low fresh herbage proportions, the effect of the herbage phenological stage found
in controlled conditions was not verified at an on-farm scale (Fig. 2). This result is in agreement with those presented by
Borreani et al. (2013) for intensive dairy farming systems that used small amounts of fresh herbage in cow diets. The FA
profile of the milk derived from these systems seems to be affected much more by concentrates (usually given in high
amounts) than by fresh herbage. In fact, in the studied intensive dairy farming systems that feed cows with fresh herbage,
farmers are used to supplementing cows with high amounts of concentrate to counteract the milk yield drop due to rapid
variations in herbage quality with the evolution of the phenology. As a consequence, fresh herbage becomes a secondary
dietary lipid source (mainly replaced by concentrates and corn silage) and the differences related to its phenology in milk
become negligible.

5. Conclusions

This work has highlighted the important effect of the phenology of fresh herbage on milk FA concentration in dairy systems
with different fresh herbage proportions in cow diet. The results obtained in controlled conditions have been confirmed in
on-farm conditions. The C18:1t11 and CLAc9t11 were the most sensitive FA to the effect of fresh herbage phenology on
farms. When a low fresh herbage proportion has been used in a cow diet, the effect of herbage phenology on the milk FA
concentration has been significant in controlled conditions, but negligible in the on-farm conditions.

Please cite this article in press as: Coppa, M., et al., Effect of phenological stage and proportion of fresh herbage in cow
diets on milk fatty acid composition. Anim. Feed Sci. Tech. (2015), http://dx.doi.org/10.1016/j.anifeedsci.2015.07.006
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