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Abstract Adapting feeding system is an effective way for improving the nutritional
quality of milk as currently intended by dairy industry. The objectives of this work
were (1) to characterize milk from feeding systems based on herbage or corn silage
with or without flaxseed and (2) to authenticate the milk from the three systems on the
basis of the fatty acid (FA) profile. Bulk milk samples were collected five times on 24
farms in the West of France. Farms were classified according to three feeding
systems: "Herbage" system with herbage as the only forage source; "Corn silage"
system with corn silage as the main forage (33.6% of DM grass based); "Corn silage+
flaxseed" system with corn silage as the main forage (24% of DM grass based)
supplemented with 690 g.day−1.cow−1 of extruded flaxseed. The "Corn silage+
flaxseed" system had higher milk yield and lower milk fat and protein contents.
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Compared to milk from “Herbage system”, milk from "Corn silage+flaxseed" system
was rich in mono- and poly-unsaturated FAs, trans FAs, C18:0, isomers of C18:1 and
C18:2 (respectively +13, +21, +28, +13, +44, +54 percentage units), whereas milk
from the "Herbage" system was rich in odd, branched chain FAs and cis-9,trans-11-
CLA (respectively +51, +55 and +15 percentage units compared to milk from "Corn
silage+flaxseed" system). Milk FA composition from "Herbage" and "Corn silage"
systems was more variable throughout the year than that from the "Corn silage+
flaxseed" system because of the incorporation of more pasture during spring and
summer. The linear discriminant analysis performed on FAs permitted to differentiate
milk from each system with only 2.5% of milks misclassified, even for milk from the
"Herbage" and "Corn silage+flaxseed" systems, which had a similar C18:3 content.
This study showed that it is possible to characterize milk from different feeding
systems and especially to differentiate one from another based on their composition
of some milk FAs.
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Abbreviations
ALA α-Linolenic acid C18:3
AU Animal unit
BW Body weight
CLA Conjugated linoleic acid
DHI National dairy herd information
DIM Days in milk
F Fisher’s F
FA Fatty acid
IC Intake capacity
LDA Linear discriminant analysis
NPN Non-protein nitrogen
NCN Non-casein nitrogen
SD Standard deviation
SEM Standard error to the mean
RMSE Root-mean-square error
VFA Volatile fatty acid

1 Introduction

Milk and other dairy products are an important part of the everyday diet for people
living in industrialized countries (C.N.I.E.L 2013). Milk is known for its nutritional
qualities: protein content (Clare and Swaisgood 2000), calcium content and vitamin
contents (A, D, B2 and B12) (Martin et al. 2009). However, fat from milk has a bad
image because of its high content in saturated fatty acids (FA) which were supposed
to be atherogenic even if no negative effect has been proven (Siri-Tarino et al. 2010)
and if some of them (C4:0, C6:0, C8:0, C14:0) have interesting nutritional values
(Legrand 2010). Nowadays, one of the objectives of dairy industry is still to improve
the nutritional quality of milk fat by reducing saturated FAs, particularly the athero-
genic palmitic acid (Nicolis 1997), in favor of polyunsaturated FAs. The main goal is
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to increase the content of n-3 FA series, including α-linolenic acid (ALA), and
conjugated linoleic acid (CLA), including rumenic acid. Factors affecting the pro-
portions of FAs in the milk are well known and include mainly feeding management
(Chilliard et al. 2007; Coppa et al. 2013). Dhiman et al. (1999), Leiber et al. (2005)
and Couvreur et al. (2006) have shown that increasing the percentage of herbage in a
diet including corn silage is associated with a linear increase in ALA and rumenic
acid contents in milk fat. Likewise, extruded flaxseed particularly rich in ALA as a
supplement to corn silage induces an increase in milk ALA content. An increase of
0.3 to 1.3 percentage units in milk ALA content was obtained by Brunschwig et al.
(2010) in experimental conditions where the amount of lipids from flaxseed fed to the
cows was higher than the one fed on commercial dairy farms (respectively 363 vs
250 g.day−1.cow-1 on average) (Schori et al. 2006; Hurtaud et al. 2010b). Moreover,
literature about the variability of milk fatty acid composition from farms where the
diet is based on corn silage supplemented with flaxseed compared with farms where
the diet is based on corn silage and a conventional concentrate or with farms using
herbage (preserved or grazed) is lacking. Farms from three different feeding systems
representing dairy farming in Western France were selected: one feeding system
based on corn silage mainly all year called “Corn silage”, one feeding system
based on herbage mainly all year (preserved or grazed) called “Herbage” system
and one feeding system from the French label “Bleu Blanc Coeur1” based on corn
silage supplemented mainly with flaxseed called “Corn silage+flaxseed”. The aims of
this work were (1) to characterize the “Corn silage+flaxseed” feeding systems and the
seasonal evolution during the year of the bulk milk composition (including a detailed
FA profile), in comparison to the conventional ”Corn silage” and ”Herbage” systems;
(2) to authenticate the origin of the milk from the three systems using the FA profile.

2 Materials and methods

This study was carried out using survey data and milk sampling from commercial
dairy farms in Western France between November 2007 and September 2008.

2.1 Selection of farms

The production system of each dairy farm (29) was described in a preliminary survey
in November 2007. Questions were asked about (1) farm characteristics (area,
altitude, housing and milking equipment, milk quota, other animals); (2) herd char-
acteristics (breed, number of dairy cows, number of heifers, calving periods); (3)
forage management (forage characteristics, forage harvesting and storage, cutting and
grazing periods, and the cropping rotation during the year or other companion crops).
At the end of this survey, ten farms in the “Corn silage” system, ten farms in the
“Herbage” system and four farms in the “Corn silage+flaxseed” system were selected
for the main study.

1 The contractual conditions between farmers and the animal food industry include doubling the amount of
C18:3 in the milk in comparison to a standard feeding management based on corn silage, having a ratio
ω6/ω3 lower than 5 and decreasing the amount of palmitic acid in the milk.
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2.2 Milk samples on farms

Bulk milk samples were collected on farms five times during the year 2008: two times
in winter (first week of January and of February), once in spring (first week of May)
and two times in summer (first 2 weeks of July and first week of September).

Milk was collected on farm from the bottom of the tank containing an even
number of milkings (two, four or six) after 5 min of mixing. Each milk sample was
about 2 L.

At the time of sampling, farmers were asked to describe the cow feeding as well as
herd management. Questions were about (1) quantity of milk delivered; (2) herd
characteristics (number of dairy cows, calving distribution, stage of lactation); (3) herd
feeding (quantity and nature of forages, concentrates, minerals with a focus on grazing:
duration, type of pasture, beginning and end of use of a paddock).

Stage of lactation For the 17 farms with national dairy herd information (DHI)
records, the closest values of days in milk (DIM) were used to estimate the average
stage of lactation of the herd at the time of milk sampling. For the seven farms
without DHI records (six in the “Herbage” system and one in the “Corn silage”
system), average stage of lactation at the time of milk sample was calculated using
monthly calving data.

Variables description Five times of sampling were defined: January, February, May,
July and September. Five types of forages were defined: fresh herbage (grazing or green
chop), hay, preserved herbage (silage, baleage, haylage…), total herbage (includes fresh
and preserved herbage, as well as hay) and corn silage. The percentage of each of those
five forages in the diet was calculated. Each type of concentrate was defined, and the
percentage of concentrate in the diet was calculated.

Pasture intake To describe feeding at the time of milk sampling, farmers estimated the
daily amounts of preserved forage and concentrates eaten by the cows. To estimate dry
matter intake from pasture, the average intake capacity (IC) of every herd was calculated
(INRA 2007) using the following equation:

IC ¼ 13:9þ 0:015� BW−600ð Þð Þ þ 0:15� potMPð Þ þ 1:5� 3−BCSð Þð Þ½ � �WeF

with:

& BW, the body weight of the cows. We used 600 kg for first lactation cows and
680 kg for multiparous cows.

& potMP, the potential milk production (INRA 2007). It was calculated using INRA
2007 tables with the average milk production during 305 days and the stage of
lactation.

& BCS, the body condition score. For the herds in the “Corn silage” and “Corn silage+
flaxseed” system, a score of 2.75 was used for cows under 100 DIM, 3 was used for
cows between 100 and 260 DIM and 3.5 was used for cows after 260 DIM. For the
herds in the “Herbage” system, a score of 2.25 was used for cows under 100 DIM, 2.5
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was used for cows between 100 and 260 DIM and 2.75 was used for cows after 260
DIM (Delaby, personal communication).

& WeF: weighing factor = percentage primiparous cows×WeFp+percentage multip-
arous dairy cows×WeFm where:

WeFp for primiparous cowsð Þ
¼ 0:6þ 1–0:6ð Þ � 1−exp −0:16 � week of lactationð Þ

� �� �

� 0:8þ 0:2� 1−exp −0:25 �ð 40–week of gestationð Þ
� �� �

� −0:1þ 1:1 � 1−exp −0:08 � 32ð Þ
� �� �

and

WeFm for multiparous cowsð Þ
¼ 0:7þ 1–0:7ð Þ � 1−exp −0:16 � week of lactationð Þ

� �� �

� 0:8þ 0:2� 1−exp −0:25 �ð 40–week of gestationð Þ
� �� �

� −0:1þ 1:1 � 1−exp −0:08 � 60ð Þ
� �� �

We estimated pasture dry matter intake by subtracting the quantity of preserved forage
and concentrate from the IC using a filling value of 0.98 for corn silage, 1.05 for green
forages (hay, herbage silage and baleage) and 0.4 for concentrates (INRA 2007).

2.3 Milk analyses

Milk samples were analysed the same day they were collected for the samples taken in
the morning or the next day, after being kept refrigerated at 4 °C overnight, for the ones
taken in the evening. Fat, protein and lactose contents were obtained using an infrared
analyser (Milkoscan FT+, Foss Electric, Hillerød, Denmark) calibrated with milks for
connection with standard methods (AFNOR NF V04-210 (2000) for milk fat content,
AFNOR NF V04-216 (2011) for milk protein content and NF ISO 26462/FIL 214
(2010) for lactose content). The FA composition was determined on one replicate by
lipid extraction from a 0.5-mL sample of milk fat according to the method described in
Bauchart and Duboisset (1983), using 0.5 mL of an ethanol/HCl (100:5, v/v) solution
followed by 5mL of hexane. Milk FAswere esterified with 1.0 mL of a methanol/NaOH
(100:2, v/v) solution followed by 1.0 mL of a methanol boron trifluoride solution
(100:20, v/v) and 2 mL of hexane (to obtain methyl esters). These methyl esters were
extracted with 2 mL of n-hexane and injected into a Varian CP–3800 GC (Varian Inc.,
Walnut Creek, USA) equipped with a flame ionization detector. The methyl esters of
FAs were separated on an SP 2560 fused silica capillary column (100 m×0.25 mm i.d.,
Supelco Inc., Bellafonte, PA) under the following temperature program: starting at 90 °C
for 7 min, then ramped up 7 °C/min to reach 155 °C, then ramped up 3 °C/min to reach
235 °C, then held at 235 °C for 10 min. Both injector and detector temperatures were at
230 °C. Carrier gas was helium. Total nitrogen content, non-protein nitrogen matter
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(NPN), non-casein nitrogen, casein and urea were determined according to the Kjeldahl
methods described by Alais (1984). Total and soluble calcium were analysed by atomic
absorption spectroscopy on milk and milk ultrafiltrate, respectively (Brûlé et al. 1974).

2.4 Statistical analysis

The statistical analysis was performed using the Proc Mixed of SAS (2005). We
carried out a covariance analysis for the parameters of milk performance, and milk FA
composition as well as the fat, protein and lactose contents measured on farm milk.
The co-variable included was the dairy cows’ stage of lactation measured at each
survey period. The statistical model is as follows:

Y ij ¼ μþ ri þ pj þ ri�pj þ cov Y ij þ eij

where μ is the mean, ri the feeding system effect (“Corn silage”, “Herbage”, “Corn
silage+flaxseed”, 2 d.f.), pj the month effect, cov Yij the stage of lactation and eij the
residual error.

Results were expressed as least square means with standard errors of the means.
The significance threshold was set at P≤0.05 and the trend at P≤0.10.

In order to choose the potential milk FA candidate to trace the feeding system, a
second general linear model (GLM) ANOVAwas performed on milk FAs, using just
the feeding system as fixed factor, applying the following model:

Y ij ¼ μþ ri þ eij

where μ is the mean, ri the feeding system effect (“Corn silage”, “Herbage”, “Corn
silage+flaxseed”, 2 d.f.) and ei the residual error.

The FAs having the Fischer’s F higher than 20 were used to perform a Linear
Discriminant Analysis (LDA). The resulting discrimination functions were validated
by the “leave-one-out” method (full cross-validation) using the SPSS for Windows
(version 16.0; SPSS Inc., Chicago, IL, USA) software package.

3 Results

3.1 Farm characteristics

Herbage system Farms in the “Herbage” system operated 62.1±27.9 ha (88% of which
was used to grow forages) with 51.7±23.1 cows for an average stocking rate of 1.19
±0.19 animal unit (AU).ha−1 of forage area. Those farms had the lowest milk quota
(287,069±131 166 L) and the lowest milk production per cow (5,119±743 L.year−1).
Breeds used on those farms by order of importance were Holstein, Normande,
Montbéliarde and Simmental (51.4%, 36.4%, 4.6% and 4.1%, respectively; Table 1).

Corn silage system Farms in the “Corn silage” system operated 103.6±46.1 ha (67% of
which was used to grow forages) with 67.1±27.4 cows for an average stocking rate of
1.61±0.27 AU.ha−1 of forage area. Those farms had the highest milk quota (504,140
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±217,202 L) and an intermediate milk production per cow (8,896±555 L.year−1)
compared to the farms in the two other systems. The only breed represented on those
farms was Holstein (Table 1).

Corn silage+flaxseed system Farms in the “Corn silage+flaxseed” system operated
86.5±36.1 ha (51% of which was used to grow forages) with 45.0±9.3 cows for an
average stocking rate of 1.78±0.30 AU.ha−1 of forage area. Those farms had an
intermediate milk quota compared to the farms in the two other systems (370,896
±66,486 L) but the highest milk production per cow (10,184±1,224 L.year−1). As for
the farms in the “Corn silage” system, the only breed represented on those farms was
Holstein. Cows received an average of 690±238 g.day−1 of extruded flaxseed, which
correspond to an average of 200±68 g.day−1 of lipids (Table 1).

3.2 Feeding system, milk production and composition

The three systems were really different based on feeding management. The diet com-
position at each sampling is described in Table 2. On the farms from the “Herbage”
system”, cows received herbage all year round: preserved herbage as hay, silage or
baleage in winter and grazing in spring and summer. The amount of concentrate fed was
relatively small: 16% and 2% of total DMI in winter and summer, respectively. The type
of concentrate fed was mainly based on cereals (corn, oats or mix). On the farms from
the two other systems, cows received corn silage all year associated with preserved
herbage in winter and end of summer (from 11% to 20% of herbage silage or hay of total

Table 1 Description of the farms from the three feeding systems investigated in 2008 (data from surveys in
November 2007; ten farms in “Herbage” system, ten farms in “Corn silage” System and four farms in “Corn
silage+flaxseed” system)

Herbage (±SD) Corn silage (±SD) Corn silage+flaxseed
(±SD)

Number of investigated farms 10 10 4

Number of full-time workers 1.8±0.8 2.5±0.8 2.0±0.8

Number of cows 51.7±23.1 67.1±27.4 45.0±9.3

Total agricultural area (ha) 62.1±27.9 103.6±46.1 86.5±36.1

Land in cereals, oleaginous and
legumes (ha)

6.3±4.9 30.7±18.5 30.1±10.4

Land in forages (LIF) (ha) 54.8±26.8 69.8±31.5 50.9±27.1

LIF Permanent herbage (% of LIF) 26.6±30.5 7.4±8.2 16.3±20.4

Temporary herbage (% of LIF) 73.4±30.5 55.0±10.3 41.4±17.2

Corn (% of LIF) 0.0±0.0 37.6±8.8 42.3±14.1

Stocking rate (AU.ha−1 of LIF) 1.19±0.19 1.61±0.27 1.78±0.30

Quota (L.year−1) 287,069±131,166 504,140±217,202 370,896±66,486

Average lactation number 3.2±0.65 2.2±0.18 2.8±1.31

Milk yield (L.cow−1 per lactation) 5,119±743 8,896±555 10,184±1,224

Milk fat content (g.kg-1) 40.7±1.44 40.2±1.41 37.7±2.10

Milk protein content (g.kg-1) 32.8±0.77 32.6±0.45 31.6±0.84
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DMI) and with grazing in spring (up to 62% of total DMI in the “Corn silage” system
and up to 40% of total DMI in the “Corn silage+flaxseed” system). The amount of
concentrate fed was about 22% of DMI in winter and about 17% in summer for the
“Corn silage” system and 25% of DMI all year for the “Corn silage+flaxseed” system.
For the “Corn silage” system, concentrates were made up of soybean meal, cereals
(wheat and corn) and alfalfa meal, whereas in the “Corn silage+flaxseed” system, they
were made up of soybean meal and rapeseed meal enriched with extruded flaxseed,
lupine and alfalfa.

In comparison to the farms in the “Corn silage” system, farms in the “Corn silage+
flaxseed” system had a higher milk production and higher milk lactose content (+
3.9 kg.day−1.cow−1 and +0.9 g.kg−1.cow−1, respectively) and a lower fat and protein
contents (−1.8 and −0.7 g.kg−1.cow−1, respectively) despite higher fat and protein yields
(+100 and +102 g.day−1.cow-1, respectively; Table 3). In comparison to the farms in the
“Corn silage” system, farms in the “Herbage” system had a lower milk production and
lower milk lactose content (−9.8 kg.day−1.cow−1 and −0.9 g.kg−1.cow−1, respectively)
but similar fat and protein contents leading to lower fat and protein yields (−313 and
−410 g.day−1.cow−1, respectively).

Farms in the “Herbage” system had similar true protein, casein, soluble protein,
NPN and calcium contents and casein/true protein ratio to farms in the “Corn silage”
system (Table 3). The milk from farms in the “Corn silage+flaxseed” system had a
lower true protein content due to a lower casein content and a lower casein/true
protein ratio than farms in the “corn silage” system.

Milk from each system was characterized by a specific milk FA profile (Table 4). On
average during the year, milk from “Corn silage” system was characterized by a high
saturated FA content (70.44%), especially in C16:0 and short FAs (<C10:0), a low trans
FA, ALA and cis-9, trans-11 CLA content (2.62%, 0.44% and 0.44%, respectively), and
a high cis-9-C16:1/C16:0 and cis-9-C18:1/C18:0 ratios (0.054 and 2.14, respectively).
Milk from “Corn silage+flaxseed” was characterized by a high unsaturated FA content
(33.51%), a high trans FA content (4.51%), a high C18:0 content (10.89%), a high
content in isomers of C18:1 and C18:2, a low content of branched chain FA (1.26%) and
odd FA (2.60%) and a medium content of cis-9, trans-11 CLA (0.75%). Milk from the
“Herbage” system had intermediate values in unsaturated FA content. It was character-
ized by a high content of odd FAs (≥C15), of branched chain FAs (iso C15:0, anteiso
C15:0, iso C16:0 and iso C17:0), of t-11-C18:1, of cis-9,trans-11-CLA, of long chain
FAs (≥C20) and by the lowest C18:2/C18:3 ratio (Table 4).

3.3 Changes in milk production and milk composition during the year

The “period” effect was significant for most of the milk parameters measured. Milk
composition from “Corn silage+flaxseed” systemwas the most constant during the year.

For the three systems, calcium content decreased significantly in May (Table 3).
NPN content increased significantly in May for the three systems and in September
for the “Herbage” system.

Among milk FAs, short-odd-chain FAs in milk from the “Herbage” system were
the ones with a specific evolution during the year. Their content increased in May,
whereas it decreased as the year progressed for the “Corn silage” system. In May,
trans-11-C18:1 and cis-9,trans-11-CLA increased for the “Herbage” system and in a
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Table 4 Effect of feeding system on some milk fatty acids

Fatty acid (g/100 g FA) Herbage Corn
silage

Corn silage+
flaxseed

SEM Fishers’ F System
effect

C4:0 4.59a 4.43ab 4.39b 0.032 4.0 <0.05

C5:0 0.023 0.023 0.018 0.001 2.5 <0.1

C6:0 2.43a 2.42ab 2.29b 0.021 3.6 <0.05

C7:0 0.016b 0.024a 0.018b 0.001 18.6 <0.001

C8:0 1.37a 1.41a 1.29b 0.013 6.2 <0.01

C9:0 0.02b 0.03a 0.02b 0.001 27.2 <0.001

C10:0 2.86b 3.12a 2.7b 0.034 15.1 <0.001

cis-9-C10:1 0.29b 0.3b 0.24a 0.004 26.4 <0.001

C11:0 0.04b 0.07a 0.04b 0.002 29.1 <0.001

C12:0 3.18b 3.57a 2.96b 0.042 22.2 <0.001

cis-9-C12:1 0.076b 0.083a 0.058c 0.002 26.6 <0.001

C13:0 0.1b 0.11a 0.09b 0.002 21.1 <0.001

C14:0 10.86b 11.43c 10.34a 0.082 15.1 <0.001

iso C15:0 0.40a 0.25b 0.22c 0.009 161.8 <0.001

anteiso C15:0 0.65a 0.46b 0.42b 0.013 74.1 <0.001

cis-9-C14:1 1.04b 1.15a 0.93c 0.016 16.6 <0.001

C15:0 1.35a 1.11b 0.92c 0.019 84.8 <0.001

iso C16:0 0.31a 0.24b 0.25b 0.005 24.6 <0.001

C16:0 29.15b 31.93a 26.63c 0.316 27.3 <0.001

iso C17:0 0.59a 0.42b 0.38b 0.014 29.9 <0.001

cis-9-C16:1 1.45b 1.71a 1.33c 0.023 33.0 <0.001

C17:0 0.72a 0.54b 0.49b 0.012 61.1 <0.001

C18:0 9.67b 8.77c 10.89a 0.133 22.6 <0.001

trans-6+trans-7+trans-8-C18:1 0.14c 0.17b 0.38a 0.010 74.2 <0.001

trans-9-C18:1 0.16b 0.17b 0.30a 0.006 86.1 <0.001

trans-10-C18:1 0.10c 0.22b 0.35a 0.010 105.3 <0.001

trans-11-C18:1 (vaccenic acid) 2.38a 1.2b 2.29a 0.100 22.5 <0.001

trans-12-C18:1 0.01 0.01 0.01 0.002 1.1 >0.1

cis-9-C18:1 19.1b 18.7b 21.18a 0.210 9.6 <0.001

trans-15+cis-11-C18:1 0.73c 0.84b 1.18a 0.020 56.7 <0.001

cis-12-C18:1 0.13c 0.27b 0.60a 0.016 340.9 <0.001

cis-13-C18:1 0.05c 0.07b 0.10a 0.003 15.1 <0.001

cis-15-C18:1 0.08b 0.08b 0.22a 0.006 121.8 <0.001

C18:2 n-6 0.97b 1.32a 1.44a 0.026 49.0 <0.001

Sum other isomers of C18:2 0.76b 0.56c 1.17a 0.030 45.2 <0.001

C20:0 0.13a 0.08b 0.11b 0.004 22.2 <0.001

C18:3 n-3 (ALA) 0.78a 0.44b 0.78a 0.021 67.6 <0.001

C20:1 0.10a 0.07b 0.05b 0.005 6.3 <0.001

cis-9,trans-11-CLA
(rumenic acid)

0.86a 0.44c 0.75b 0.033 25.7 <0.001

Other isomers CLA group 0.13a 0.05b 0.09ab 0.007 15.2 <0.001

114 C. Hurtaud et al.



lesser extent for the “Corn silage” system due to herbage in the diet (Fig. 1). ALA
content only increased for the “Corn silage” system. Long-chain FAs (>C20) increased
inMay for the “Herbage” system. Values of other FAs, such as linear odd medium chain
FAs and C18:1 isomers (except cis-9 and trans-11-C18:1), didn’t change during the year
(P>0.05), but were very different for the three systems (P<0.05). The changes in
palmitic acid during the year were the same for the “Herbage” and “Corn silage” system
with a decrease in May, whereas it stayed relatively constant for the “Corn silage+
flaxseed” system.

3.4 Authentication of farm system through milk FAs

The most discriminant FAs were iso C15, trans-10-C18:1, cis-12-C18:1, cis-15-
C18:1, odd FAs and branched chain FAs (Table 4). Milk from the “Herbage” system
was characterized by a lower content in trans-10-C18:1, cis-12-C18:1 and cis-13-
C18:1 and a higher content in iso C15, cis-9, trans-11 CLA, odd and branched chain
FAs compared to the milk from the two other systems. Milk from the “Corn silage”
system had a lower content in trans-10-C18:1, cis-12 and cis-15-C18:1 and a higher
content of odd FAs compared to milk from the “Corn silage+flaxseed” system.

The LDA performed with FAs having Fischer’s F values higher than 20 from the
GLM ANOVA (Table 4) clearly separates “Herbage” system from “Corn silage+
flaxseed” on the first linear discriminant function (LD) explaining 74.1% of total
variance. The second LD explained 24.9% of total variance and contributed to the
segregation of “Corn silage” system from the two others feeding systems (Fig. 2).
The LD1 was positively correlated to the main branched chain FA and odd FA

Table 4 (continued)

Fatty acid (g/100 g FA) Herbage Corn
silage

Corn silage+
flaxseed

SEM Fishers’ F System
effect

Long chain FA (>C20:0) 1.16a 0.74b 0.88b 0.028 38.4 <0.001

Unknown FA 1.01b 0.93c 1.19a 0.016 21.4 <0.001

Saturated FA 68.45b 70.44a 64.42c 0.322 32.8 <0.001

Mono unsaturated FA 25.84b 25.04b 29.23a 0.254 22.4 <0.001

Poly unsaturated FA 3.54b 2.85c 4.28a 0.074 44.9 <0.001

Odd FA 3.92a 3.04b 2.60c 0.059 107.9 <0.001

Short-chain FA (C4 to C10) 11.31b 11.46a 10.71c 0.808 6.2 <0.05

Branched chain FA 1.95a 1.37b 1.26b 0.036 85.0 <0.001

Sum trans FA 3.53b 2.62c 4.51a 0.112 27.3 <0.001

cis-9-C18:1/C18:0 2.00b 2.14a 1.96b 0.021 7.6 <0.001

cis-9-C14:1/C14:0 0.096b 0.101a 0.09b 0.001 7.4 <0.001

cis-9-C16:1/C16:0 0.050b 0.054a 0.050b 0.000 9.8 <0.001

cis-9-C18:1 /C16:0 0.667b 0.594a 0.806c 0.013 21.1 <0.001

C18:2/C18:3 1.3b 3.62a 1.9b 0.142 55.3 <0.001

Means within row with no common lowercase letters differ (P<0.05). Values reported correspond to the
average of five samples collected between January and September 2008
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(C15:0, iso C15:0, anteiso C15:0, C17:0, iso C17:0, iso C16:0), and negatively to
trans-10-C18:1, cis-12-C18:1, trans-15+cis-11-C18:1, and C18:2 n-6. LD2 was pos-
itively correlated to all the other C18:1 isomers (trans-6+trans-7+trans-8-C18:1,
trans-9-C18:1, trans-11-C18:1, and cis-15-C18:1), and poly-unsaturated FA (cis-9,
trans-11 CLA, sum of isomers of C18:2, and ALA), and to long chain saturated FAs
(C18:0, and C20:0), and negatively correlated to medium chain saturated and mono-
unsaturated FAs (C9:0, C10:0, cis-9-C10:1, C11:0, C12:0, cis-9-C12:1, C13:0,
C16:0, and cis-9-C16:1).

Fig. 1 Effect of feeding system and month on milk fatty acids (black triangle: “Herbage system”, ten
farms; black square: “Corn silage system, ten farms; black circle: “Corn silage+flaxseed system”, four
farms). Values are indicated in grams per 100 g−1 FA. Bars indicate standard deviations
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The LDA correctly classified a priori all samples of “Corn silage” and “Herbage”
systems (100% of sample correctly classified). Just one milk sample from “Corn silage+
flaxseed” system was incorrectly assigned to “Corn silage” group (95% of samples
correctly classified). A second “Corn silage+flaxseed” system milk was incorrectly
assigned to “Corn silage” group by cross-validation (90% of samples correctly classi-
fied), as well as one sample from “Corn silage” system was incorrectly assigned to
“Herbage” system (98% of samples correctly classified). By contrast, “Herbage” system
milk was not misclassified in “Corn silage+flaxseed” (and vice versa), neither by the a
priori classification nor by cross-validation.

Fig. 1 (continued)
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4 Discussion

4.1 Feeding system, milk production and composition

Compared to the farms in the “Corn silage” system, farms in the “Herbage” system had
lower milk production and lactose content, higher protein content and the same fat
content. Results on milk production and fat content are similar to results found by
Delaby et al. (2009) in an experiment comparing different feeding strategies based on
corn silage with high amounts of concentrates or on herbage (grazed or preserved) with
low amounts of concentrates. The reduction in milk yield especially during winter
period, due to the decrease in the level of energy intake, is consistent with the results
of Coulon and Rémond (1991). The “Herbage” system led to an increased percentage of
long chain and unsaturated FAs at the expense of short- and medium-chain and saturated
FAs. The effect of diet on the FA profile is consistent with the literature (Chilliard et al.
2007; Coppa et al. 2013). The effect of pasture on CLA c9t11 is specific (Hurtaud et al.
2010a). Milk c9t11 CLA content increases with increasing proportions of pasture in the
diet (Collomb et al. 2006; Couvreur et al. 2006; Coppa et al. 2013). The CLA-enriching
effect of pasture has been attributed to the effects on bio-hydrogenation and the
provision of ALA as a lipid substrate for the formation of vaccenic acid (trans-11-
C18:1) in the rumen (which also increased in our trial) and its subsequent desaturation to
cis-9-trans-11-CLA in the mammary gland (Bauman and Griinari 2003). Milk from the
“Herbage” system was characterized by a high content in branched chain FAs due to
changes in rumen fermentations. Coppa et al. (2013) observed on farm a decrease in

Corn silage Corn silage + flaxseedHerbage

Fig. 2 Distribution of milk samples according to the Linear Discriminant Analysis. Incorrectly classified a
priori samples are indicated by a full arrow, while dashed arrows indicate samples incorrectly classified by
cross-validation. “Herbage system”: 50 samples, “Corn silage system”: 50 samples, “Corn silage+flaxseed
system”: 20 samples
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bulk milk branched chain FAs content at increasing corn silage and at decreasing
herbage (fresh or conserved). According to Vlaeminck et al. (2006a), replacing corn
silage with herbage silage decreased dietary starch and increased dietary neutral deter-
gent fiber, which could substantially affect rumen pH, microbial populations and
proportions of volatile fatty acids produced leading to an increase in milk iso C14:0
and iso C15:0 content.

Compared to the farms in the “Corn silage” system, farms in the “Corn silage+
flaxseed” system had higher milk production and lactose content, and lower fat and
protein contents. Hurtaud et al. (2010b) observed the same increase in milk production
and decrease in protein and fat contents with an increasing amount of extruded flaxseed
in the diet. According to Caroprese et al. (2010), flaxseed supplementation improved
energy utilization for milk synthesis. The lower protein content could be a consequence
of the higher milk production since total protein yield was significantly higher for the
“Corn silage+flaxseed” system (dilution effect). The lower fat content might also result
from a dilution effect or from a lower synthesis of short- and medium-chain FAs. A
slower rate of mammary lipogenesis might occur as a result of adding polyunsaturated
lipids to a diet rich in starch (Chilliard et al. 2007, 2009). This is consistent with the
observed differences in milk FA profiles, especially the higher proportions of C18:1
isomers (cis and trans; Fig. 1).We particularly observed a higher trans-10-C18:1 content
in milk from “Corn silage+flaxseed” system, but the difference was not as important as
reported by Chilliard et al. (2009), maybe because of the lower quality of flaxseeds that
were supplemented in our trial. The increase in content of C18:1 isomers can be the
result of partial biohydrogenation of C18:2 (main fatty acid of corn silage) and C18:3
(main fatty acid of flaxseed) in the rumen (Chilliard et al. 2007).

Compared to milk from the “Herbage” system, milk from the “Corn silage+flaxseed”
system can mostly be differentiated based on its composition of FAs. Differences
observed between milk from the “Corn silage+flaxseed” system and the “Herbage”
system for the isomers of C18:1 (except trans-11 and cis-9) and the odd and branched
chain FAs are more obvious than differences between the “Corn silage” system and the
“Corn silage+flaxseed” system. The reason of this difference is that in the “Corn silage+
flaxseed” system, the quantity of herbage fed to the cows (especially from grazing) is
lower and the quantity of concentrates is higher compared to the “Herbage” system.

4.2 Changes in milk production and composition during the year

Milk composition from the “Corn silage+flaxseed” system is more constant during
the year than milk composition from the two other systems. The seasonal effect is less
obvious since feeding does not change a lot during the year.

Results regarding milk production, milk fat content and milk protein content are
not discussed here because there are well-known results. The focus will be on NPN
content, calcium and some specific FAs in the milk.

The evolution of the NPN content in the milk complies with the results from Heck
et al. (2009) who showed that NPN is also maximized in summer in dairy farms from
Holland studied during 1 year. This is probably due to the fact that cows are eating fresh
herbage rich in nitrogen. The decrease in milk calcium content in May could be due to a
rapid increase in temperature. Indeed, in spring 2008, large changes in temperature were
observed within 1 day (up to 10 °C) at a time when cows were outside most of the day,
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sometimes night and day. Heat stress induced accelerated respiration rate causing
respiratory alkalosis. Alkalosis caused a change in hydrogen bounding of blood pro-
teins, attracting free ionized calcium, and reducing calcium available for mammary
gland (Sanchez et al. 1994). The seasonal effect on odd short chain FAs (C5:0 to C13:0)
could result from the changes in VFAs in the rumen. Vlaeminck et al. (2004) found a
positive relationship between C15:0 and rumen proportions of propionate. This suggests
that rumen conditions inducing high propionate production are favorable for bacteria
synthesizing linear odd-chain fatty acids. High proportions of propionate might have
stimulated de novo synthesis of linear odd-chain fatty acids from propionyl-CoA in the
mammary gland (Vlaeminck et al. 2006b). The transition from hay in winter to grazing
in spring could lead to an increase in propionic acid in the rumen for cows in the
“Herbage” system, whereas the transition from corn silage to grazing could have the
opposite effect for cows in the “Corn silage” system (less starch in the diet due to the
change in forage and the decrease in concentrates during spring) (Vlaeminck et al.
2004). The increase in trans-11-C18:1 and cis-9,trans-11-CLA content could be linked
to the addition of pasture in the diet (Dhiman et al. 1999; Leiber et al. 2005; Couvreur
et al. 2006). The milk ALA content for the “Herbage” system was only slightly higher
during the grazing season (and in particular in May), compared to the winter season.
Even if an increase in milk ALA content could be expected at increasing fresh herbage
proportion in cow diet (Couvreur et al. 2006; Collomb et al. 2008; Coppa et al. 2013),
according to Ferlay et al. (2006), milk ALA content can be similar for the cows fed hay
or fresh herbage, sometimes even higher for hay-based diets (1.9 vs. 1.1 g/100 g FA).
Even though hay is less rich in ALA than fresh herbage (14.6% vs 39.9% of the FA,
Doreau and Poncet 2000), it can induce, in fact, higher transfer rate to milk than fresh
herbage (Chilliard et al. 2007). This may be due to a protective factor in hay that would
limit ALA bio-hydrogenation in the rumen.

4.3 Authentication of feeding system through milk FAs

The LDA correctly classified a priori all samples of “Corn silage” and “Herbage” systems
(100% of samples correctly classified). Just one milk sample from “Corn silage+flaxseed”
system was incorrectly assigned to “Corn silage” group (95% of samples correctly
classified) because of its lower proportion in cis-9-C18:1, isomers of C18:1, C18:2,
isomers of C18:2, C18:3 and cis9,trans-11-CLA than the other samples from the same
group. As no difference in forage proportions was observed for the diet from which this
sample derived, compared to the other samples of the same group, this misclassification
may be explained by differences in forage quality, and in particular in fresh herbage
quality. Indeed, cows that produced this milk were grazing at the end of a paddock when a
decrease in herbage quality (lower leaves to stem proportion, higher fiber content, lower
fat and ALA content in herbage) is often reported (Abrahamse et al. 2008; Coppa et al.
2011) and was associated by Vlaeminck et al. (2010) to a lower concentration of the
previously cited FAs in milk. Similar results were observed by Coppa et al. (2011) and
Vlaeminck et al. (2010): the variation of FA composition of milk from grazing cows on
continuous and rotational grazing systems was related to the evolution of herbage
chemical composition and phenological stage. A second milk sample from “Corn
silage+flaxseed” system was incorrectly assigned to “Corn silage” group by cross-
validation (90% of samples correctly classified) due most likely to the lack of extruded
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flaxseed in cow diet for a short time just before milk sampling. One sample from “Corn
silage” system was incorrectly assigned to “Herbage” system (98% of samples correctly
classified). This is directly related to the feeding management at that time: corn silage was
not fed to the cows during a short period just before milk sampling. They only received
herbage from pasture and hay, as the cows in the “Herbage” system. By contrast,
“Herbage” system milk was not misclassified in “Corn silage+flaxseed” system (and vice
versa), neither by the a priori classification nor by cross-validation. This result is quite
unexpected since supplementing corn silage with extruded flaxseed is viewed as an
alternative to grazing inducing quite the same milk FAs composition. Flaxseed supple-
mentation, in fact, can increase the milk content in ALA, for which high concentrations
are also typical of herbage-derived milk. However trans FA are higher with flaxseed
supplementation than with herbage.Milk from the “Herbage” system can be differentiated
from milk from the “Corn silage+flaxseed” system mainly based on 7 FAs or group of
FAs: trans-10-C18:1, cis-12-C18:1 and cis-15-C18:1, cis-9, trans-11 CLA, iso C15, odd
and branched chain FAs. Those two systems were associated with a high milk content in
ALA coming from the extruded flaxseed or from the herbage fed to the cows. However,
this FA in feeds can follow different biohydrogenation pathways in the rumen, according
to the main forage composing cow diet, to the forage to concentrate ratio and to the diet
starch concentrate (Bauman and Griinari 2003; Chilliard et al. 2007), resulting in different
proportion of biohydrogenation intermediates. The feeding management in the “Herbage”
system, in which fresh herbage and hay were abundant in cow diet, leads to an increase in
ALA, in branched chain FAs and cis-9,trans-11-CLA and so, improves the nutritional
quality of milk fat (Williams 2000). By contrast, the feeding management in the “Corn
silage+flaxseed” system was associated with an increase in ALA. This system is also
associated with isomers of C18:1 (trans-10-C18:1, cis-12-C18:1 and cis-15-C18:1) for
which the impacts on human health are unknown.

5 Conclusion

This study clarified the link between feeding management systems in Western France
and milk composition, especially milk FAs. Two main feeding systems were inter-
esting regarding milk FA profiles: a feeding system based on herbage (fresh or
preserved), and a feeding system based on corn silage supplemented with extruded
flaxseed. Nevertheless, we showed that it is possible to characterize milk from those
systems and especially to differentiate one from another based on their composition
of some milk FAs. Both had a high ALA content but milk from the “Corn silage+
flaxseed” system was rich in isomers of C18:1 and C18:2, whereas milk from the
“Herbage” system was rich in branched chain FAs and CLA. Milk composition from
“Corn silage+flaxseed” system remained constant during the year, little changes due
to feeding management were observed, which is what the milk-processing plants are
looking for in France. By contrast, milk from the “Herbage” system is cheap to
produce in lowland in France (Charroin et al. 2004), has a positive environmental
impact and a good image for consumers.
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