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ABSTRACT

The aim of this study was to investigate the effects of
different feeding systems on milk quality and composi-
tion. Fifty-four multiparous and primiparous Friesian
lactating cows were divided into 3 groups (n = 18)
to study the effects of 3 feeding systems over a full
lactation. Group 1 was housed indoors and offered a
total mixed ration diet (TMR), group 2 was maintained
outdoors on a perennial ryegrass pasture (referred to
as grass), and group 3 was also grazed outdoors on
a perennial ryegrass/white clover pasture (referred to
as clover). Bulk milk samples were collected from each
group at morning and afternoon milkings once weekly
from March 11 to October 28 in 2015. Milk from pas-
ture-fed cows (grass and clover) had significantly higher
concentrations of fat, protein, true protein, and casein.
The pasture feeding systems induced significantly
higher concentrations of saturated fatty acids C11:0,
C13:0, C15:0, C17:0, C23:0, and unsaturated fatty ac-
ids C18:2n-6 trans, C18:3n-3, C20:1, and C20:4n-6 and
a greater than 2-fold increase in the conjugated linoleic
acid C18:2 cis-9,trans-11 content of milk compared with
that of the TMR feeding system. The TMR feeding sys-
tem resulted in milks with increased concentrations of
C16:0, C18:2n-6 cis, C18:3n-6 cis, C22:0 C22:1n-9, and
C18:2 cis-10,trans-12. Principal component analysis of
average fatty acid profiles showed clear separation of
milks from the grazed pasture-based diets to that of
a TMR system throughout lactation, offering further
insight into the ability to verify pasture-derived milk by
fatty acid profiling.
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INTRODUCTION

Farming practices are primarily dictated by a region’s
climate and resources. The Irish dairy industry, like
that in New Zealand, has a temperate climate and is
based around the use of pasture as a low-cost primary
feed source (O’Brien et al., 1999); as a result, temper-
ate regions have a seasonal milk supply. Typically, in
pasture-based feeding systems, cows are maintained
outdoors grazing fresh pasture during the warmer
months and are dried off and housed indoors in the
winter months leading up to the spring calving period.
Dairy products derived from pasture-based systems are
considered by consumers to be more natural because of
increased animal welfare and protection of the environ-
ment (Verkerk, 2003). Pasture systems also offer cows a
more natural environment, which allows the expression
of normal behaviors (Legrand et al., 2009; Charlton
et al., 2011). Total mixed ration, year-round indoor
housing systems are widely practiced in the United
States and parts of Europe as the major farming sys-
tems (van Arendonk and Liinamo, 2003; Barberg et al.,
2007). Such systems involve feeding cows a TMR diet,
composed of a mix of grass/maize/corn silage, carbo-
hydrates, and concentrates, which better enable high
milk production per cow through greater control of
feed intake quality and increased daily DMI (Charlton
et al., 2011). Indoor TMR systems also offer the cows
protection from environmental extremes such as heat,
cold, and wetness (Legrand et al., 2009). Such systems
have been linked with animal welfare concerns such as
increased lameness, reduced comfort, and an increased
prevalence of mastitis, all of which can have an effect
on animal production (Haskell et al., 2006; Fregonesi et
al., 2007).

The effect of cows’ dietary system on milk composi-
tion has received much attention in the past and it
is widely accepted that feeding system has significant
effects on milk fatty acid (FA) composition with par-
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ticular emphasis on the health-benefiting UFA compo-
nents, particularly CLA. Examples of feeding systems
that have been studied for their effects on milk include
consumption of TMR (White et al., 2001), red clover
(Lee et al., 2009), red clover and grass silage (Moorby
et al., 2009), fresh alfalfa (Castillo et al., 2006), alfalfa
silage (Whiting et al., 2004), linseed (Puppel et al.,
2013), fresh forage and marine algae (Glover et al.,
2012), camelina (Hurtaud and Peyraud, 2007), fish
oil (Baer et al., 2001), fish oil and extruded soybeans
(Ramaswamy et al., 2001), rapeseed supplementa-
tion (Stanton et al., 1997), and various proportions
of fresh grass (Couvreur et al., 2006). Research has
clearly identified that incorporating white clover into
pasture-based diets has many benefits on dairy cow
performance due to its increased nutritive value over
perennial ryegrass (Ribeiro Filho et al., 2005; Egan et
al., 2015; McCarthy et al., 2016). Feeding pure white
clover, however, is not a feasible practice due to dif-
ficulties in maintaining such swards and increased risk
of bloat (Harris et al., 1998). The clover level needed
to induce a beneficial response on a cow’s performance
has also been studied with mixed results. Thomson
(1984) indicated that clover content needed to be at
least 30%, Egan et al. (2015) found benefits at sward
clover contents of 23%, whereas studies performed in
New Zealand reported 50 to 60% clover content to be
more appropriate to increase milk yields significantly
(Harris et al., 1997, 1998). Caradus et al. (1996) out-
lined the major benefits associated with clover feeding,
which include its improved sward quality, improved
forage DMI and utilization rates in animals, and ef-
fectiveness at fixing N in the soil.

It is understood that milk from cows consuming sig-
nificant quantities of grazed grass contains higher pro-
portions of UFA and CLA than cows that are offered
diets dominated by conserved forages, concentrates,
and grains (Kelly et al., 1998). Much of this research,
however, was conducted over a short period using cross-
over studies or replicated Latin square designs. Limited
information is available for the comparison of pasture-
based and TMR feeding systems on the composition
and quality of raw milk over an entire lactation season.

The objective of this study was to examine and as-
sess the effects of 3 widely practiced feeding systems,
namely a TMR diet indoors, perennial ryegrass (Lolium
perenne L.) outdoors (GRS), and perennial ryegrass/
white clover (Trifolium repens L.) outdoors (CLV) on
the composition and quality of raw milk throughout
an entire lactation, and to identify potential attributes
of milks that could be used to verify pasture-derived
milks.
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Reagents

Hexane, heptane, formic acid, and 25% sodium
methoxide were purchased from Sigma Aldrich (Dub-
lin, Ireland). Diethyl ether was purchased from Fisher
Scientific (Dublin, Ireland). Internal standard trinon-
adecanoin (C19:0; part number: T-165) and a standard
mix of conjugated linoleic acid C18:2 c9t11 and C18:2
c10t12 (part number: UC-59M) were purchased from
Nu-Chek Prep Inc. (Elysian, MN; ¢ = cis; t = trans).
Fatty acid methyl ester standard mix containing C4:0
to C24:0 methyl esters (part no: 18919-1AMP) was
purchased from Sigma Aldrich (Dublin, Ireland).

Experimental Design and Sample Collection.
Fifty-four spring-calving Friesian cows were allocated to
3 groups (n = 18) at the Teagasc Animal and Grassland
Research and Innovation Centre, Moorepark, Fermoy,
Co. Cork, Ireland. The experiments were conducted
between March 11 and October 28, 2015. Groups were
randomized based on milk yield, milk solids yield, calv-
ing date (mean calving date February 19, 2015), and
lactation number. Three feeding systems were compared
over a full lactation; group 1 was housed indoors and
fed a TMR diet, group 2 was maintained outdoors on
perennial ryegrass only pasture (GRS), whereas group 3
was also maintained outdoors on a perennial ryegrass/
white clover pasture (CLV). The TMR diet consisted of,
on a DM basis, 7.15 kg of grass silage, 7.15 kg of maize
silage, and 8.3 kg of concentrates (see Tables 1 and 2).
Cows within the TMR system were fed at 0830 h daily
into electronically controlled Griffith Elder Mealmaster
individual feed bins (Griffith Elder and Company Ltd.,
Suffolk, UK) and was available ad libitum. Pasture-
based cows consumed ~18 kg of DM/d (see Table 3)
measured by pre- and postgrazing sward heights daily
using the rising plate meter (Jenquip, Feilding, New
Zealand), whereas pregrazing herbage mass was mea-
sured with an Etesia mower (Etesia UK Ltd., Warwick,
UK). The CLV sward contained 20% clover and was
measured according to Egan et al. (2013). Milking took
place at 0730 and 1530 h daily, and milk yields were
recorded using DairyMaster milk meters (DairyMaster,
Kerry, Ireland). To obtain a representative sample of
milk, the cows in each of the 3 feeding systems were
milked separately into designated 5,000-L refrigerated
tanks. The evening milk was stored at 4°C overnight, to
which the morning milk was then added and agitated
before collection. Bulk milk samples were collected
postmorning milking weekly throughout lactation (n =
32) and stored at 4°C before analysis.
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Table 1. Typical ingredient formulation (% as fed) and chemical
composition (%) of TMR diet

Ttem'

TMR ingredient (% as fed)

Maize 13.00
Beet pulp, molassed 15.50
Soybean meal 48% CP 30.00
Maize distillers 12.00
ACID BUF 0.70
Maize/beet min balancer 2.50
Salt 0.50
Barley (rolled) 15.00
Rapeseed meal 7.50
Megalac 3.30
Chemical composition (%)
OM 93.50 + 0.94
DM 86.76 + 0.75
Protein 23.73 + 3.69
Fiber 7.77 + 1.86
Starch 21.49 £ 1.93
Total sugar 9.62 £+ 0.35
Ash 6.50 + 0.94
Moisture 13.24 £ 0.75
NCGD 83.35 + 1.15

'ACID BUF = acid buffer; NCGD = neutral cellulase plus gamanase
digestibility; Megalac, Volac Ireland, Co. Cavan, Ireland.

FEthical Approval. Teagasc has both an animal
welfare body and animal ethics committee. The ani-
mal welfare body is a legal requirement of Article 26
of Directive 2010/63/EU and Regulation 50 of S.I. No.
543 of 2012. The Health Products Regulatory Author-
ity provided project authorization, and the Health
Products Regulatory Authority License number for this
project is AE19132/P019.

Milk and Feed Compositional Analysis

Total nitrogen (TN), CP, NPN, noncasein nitrogen
(NCN), and true protein (TP) were determined as
outlined in ISO (2001, 2004) using the Kjeldahl method
and a nitrogen-to-milk protein conversion factor of 6.38.
These N values were then used to calculate TP, casein
protein (C,), and whey protein (W) contents as out-
lined by Auldist et al. (1998) where TP = TN—NPN x
6.38, C, = (TN—NCN) x 6.38, and W, = (NCN-NPN)
x 6.38. Milk samples were analyzed for fat, lactose,
and TS contents by infrared absorption spectroscopy
using a FT6000 Milkoscan (Foss Ireland Ltd., Dublin,
Ireland). Feed samples were collected throughout lac-
tation from paddocks at time of grazing. Grass silage
samples were collected weekly. Samples were dried
at 60°C for 48 h, milled, and stored before analysis.
Samples were analyzed using near-infrared reflectance
spectroscopy using a FOSS 6500 (FOSS Ireland Ltd.).
The UFL (unité fourragere lait), PDIA (sum of the feed
protein ruminally undegraded and truly digested in the
small intestine), PDIE (sum of PDIA and the microbial
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Table 2. Chemical composition (g/kg of DM; mean + SD) and
nutritional content of silages from TMR diet (grass silage and maize
silage) collected weekly throughout lactation analyzed by near-infrared

spectroscopy

Item' Grass silage Maize silage
DM 389.37 + 61.35 343.03 + 43.45
OM 917.94 + 7.45 972.53 + 3.22
CP 114.55 + 12.55 68.97 + 9.91
Starch NA® 285.37 + 28.81
ADF 296.82 + 23.40 NA
NDF 452.02 + 39.31 434.80 + 49.57
Ash 82.06 + 6.75 27.47 + 3.22
UFL (/kg of DM) 0.93 £+ 0.04 1.00 £ 0.02
PDIA (/kg of DM) 24.55 + 1.63 14.97 £ 2.20
PDIE (/kg of DM) 68.07 + 2.23 66.57 + 3.14
PDIN (/kg of DM) 72.52 £ 5.11 42.37 + 6.05

'"UFL = unité fourragére lait; PDIA = sum of the feed protein rumi-
nally undegraded and truly digested in the small intestine; PDIE =
sum of PDIA and the microbial true protein that is truly digested in
the small intestine (PDIM) when energy is limiting; PDIN = sum of
PDIA and PDIM when nitrogen is limiting.

’NA = not available.

true protein that is truly digested in the small intestine
when energy is limiting), PDIN (sum of PDIA and the
microbial true protein that is truly digested in the small
intestine when nitrogen is limiting) were calculated ac-
cording to the INRA feeding system equations (INRA,
2007). Analysis of maize silage was carried out by FBA
Laboratories Ltd. (Co. Waterford, Ireland).

Milk Fatty Acid Analysis

Lipid Extraction. Lipid extraction was performed
as per the procedure outlined by De Jong and Bad-
ings (1990). Briefly, 10 mL of ethanol (98% purity) was
added to 10 mL of milk, and 1 mL of 2.5 M H,SO,
was added to each sample mixture. This mixture was

Table 3. Chemical composition (g/kg of DM; mean + SD) and
nutritional content of pasture systems forages (grass and clover)
collected weekly throughout lactation, analyzed by near-infrared
spectroscopy

Ttem'

Grass

Clover

OM

OM digestibility
CP

ADF

NDF

Ash

UFL (/kg of DM)
PDIA (/kg of DM)
PDIE (/kg of DM)
PDIN (/kg of DM)

928.00 + 9.31
764.43 £ 19.34
210.90 £+ 23.71
218.89 + 16.91
427.62 + 23.83
72.00 £+ 9.31
0.99 £+ 0.03
41.79 + 3.03
100.91 £ 3.38
135.96 £ 15.73

931.49 £ 7.18
769.22 £+ 18.97
220.67 £ 14.05
220.67 + 14.05
423.46 + 18.94
68.51 + 7.18
1.00 £ 0.03
44.80 + 2.99
104.48 £ 3.50
151.67 £ 15.52

'UFL = unité fourragére lait; PDIA = sum of the feed protein rumi-
nally undegraded and truly digested in the small intestine; PDIE =
sum of PDIA and the microbial true protein that is truly digested in
the small intestine (PDIM) when energy is limiting; PDIN = sum of
PDIA and PDIM when nitrogen is limiting.
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extracted 3 times with 15 mL of diethyl ether/heptane
(1:1), and each time the solution was clarified by cen-
trifugation at 1,500 x g for 5 min at 20°C. The collected
extracts were pooled and dried at 55°C under N gas.

Methyl Ester Derivatization of Triglycerides.
A volume of 4.8 mL of C19:0 triglycerides (500 mg/L)
in heptane was added to 60 mg of the extracted lipid
sample after which 200 pL of 2 M sodium methoxide
solution was added and the sample was mixed vigor-
ously for about 30 s. Then, 1 g of sodium hydrogen sul-
fate monohydrate (Sigma Aldrich, Dublin, Ireland) was
added to the solution and shaken vigorously. After the
salt had settled, the upper layer containing the methyl
esters was poured into a clean test tube and diluted
with 8 mL of heptane. Fatty acid methyl esters were
stored at —20°C before GC analysis in 2-mL amber
vials that were capped with polytetrafluoroethylene/
white silicone septa.

Instrument Conditions for Analysis of FAME.
Fatty acid methyl ester analysis was performed on an
Agilent 7890B gas chromatograph, equipped with a
GC80 autosampler (Agilent Technologies, Little Island,
Cork, Ireland) and a flame ionization detector. The
column was a Select FAME capillary column (100 m
x 250 pm 1.D., 0.25 pm phase thickness, part number:
CP7420, Agilent Technologies). The injector was held
at 250°C for the entire run and was operated in split
mode using a split ratio of 1:10, and the injection vol-
ume was 1 pL. The inlet liner was a split gooseneck
liner (part no. 8004-0164, Agilent Technologies). The
column oven was held at 80°C for 8 min and raised to
200°C at 8.5°C/min and held for 55 min. The total run
time was 77.12 min. The flame ionization detector was
operated at 300°C. The carrier gas was helium and was
held at a constant flow of 1.0 mL/min. Results were
processed using OpenLab CDS Chemstation edition
software version Rev.C.01.05 (Agilent Technologies).

Standard curves for FAME analysis along with in-run
quality control samples were prepared using an Agilent
7696A Sample Prep Workbench instrument (Agilent
Technologies).

Nutritional Indices and FA Ratios. Several FA
ratios and nutritional indices of milks from each of the
feeding systems are reported. The summation of n-6
(linolelaidic acid, linoleic acid, eicosatrienoic acid, and
arachidonic acid), n-3 [a-linolenic acid (ALA)], and n-9
(oleic acid and erucic acid) is reported. Other longer
chain n-3 FA including eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) have been found in
milk at low concentrations, but were not present at
quantifiable levels in our analysis. Similar to Benbrook
et al. (2013), to more fully reflect variations in levels of
health-promoting dairy FA, we have also included total
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n-3 and CLA, and as Benbrook et al. (2013) described
with this in mind, we also include the ratio of n-6 FA
to n-3 + total CLA to fully reflect these variations. The
atherogenicity index and thrombogenicity index out-
lined by Ulbricht and Southgate (1991) are dietary risk
indices for cardiovascular disease. The atherogenicity
index indicates the relationship between FA with pro-
atherogenic and those with anti-atherogenic properties,
showing the inhibition of aggregation of plaque and
diminishing the levels of esterified FA, cholesterol, and
phospholipids, whereas thrombogenicity index shows
the relationship between pro-thrombogenic (saturated)
and anti-thrombogenic fatty acids, indicating the ten-
dency to form clots in the blood (Simat et al., 2015).

Atherogenicity index (AI) and thrombogenicity index
(TI) have been calculated as described by Ulbricht and
Southgate (1991):

~ C12:0+ (4 x C14:0) + C16:0
"~ n-6 PUFA 4+ n-3 PUFA + MUFA’

C14:0 + C16:0 + C18:0

(0.5 x MUFA) + (0.5 xn-6 PUFA)
n-3 PUFA
n-6 PUFA

+(3 xn-3 PUFA) +

Desaturase index (DI) was calculated as described by
Kay et al. (2005):

(product of Ag—desaturase)

product of A’-desaturase + ,

substrate of A?-desaturase

Therefore,
(C14:1+ C16:1 4 C18:1)
[(C14:0 + C16:0 + C18:0)
+(C14:1 4 C16:1 + C18:1)
Statistical Analysis

Statistical analysis was performed using SPSS v18.0
(IBM Statistics Inc., Armonk, NY). A between- and
within-subjects repeated measures ANOVA with post
hoc Tukey test was used to compare chemical composi-
tions and FA content of milks from herds on different
feeding systems (TMR, GRS, and CLV) throughout
lactation (March to October). P-values <0.05 were
considered significant. The strength of statistically
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significant results are also reported as the partial eta’
effect size (n%) where effect sizes are small (0.01 < 7’
< 0.06), medium (0.06 < n* < 0.14), and large (n° >
0.14). Principal component analysis of milk FA aver-
ages data set was performed using The Unscrambler
X multivariate analysis program, v10.3 (CAMO ASA,
Trondheim, Norway). Analysis of milks was performed
on a weekly basis in duplicate throughout lactation;
monthly and lactation figures reported below are the
mean and standard deviation of all weeks within that
period.

RESULTS

Milk Chemical Composition

The results of this study demonstrate that the feeding
system had a significant effect (P < 0.05) on daily milk
yield of cows throughout lactation. The TMR cows had
the highest daily milk yields, which were significantly
higher than the GRS and CLV systems (P < 0.001),
and daily milk yield of CLV cows was also significantly
higher than GRS cows (P < 0.001; see Table 4). Aver-
age weekly, monthly, and total lactation milk chemical
composition for the TMR, GRS, and CLV feeding sys-
tems are shown in Figures 1 and 2 and Table 5.

Total lactation average milk solids content from cows
on the GRS system was significantly higher than that
of TMR (P < 0.001) and CLV (P < 0.001) systems.
There was no significant difference in average lactation
TS contents between TMR and CLV milk (Figure 2A).
Average TS content for early, mid, and late lactation
were (mean + SD) 13.06 £+ 0.25, 13.02 £+ 0.19, and
14.00 £+ 0.26% for TMR, 13.60 + 0.23, 13.56 + 0.20,
and 14.58 £ 0.41% for GRS and 13.14 4 0.15, 13.21 £
0.18, and 13.99 £ 0.36% for CLV systems, respectively.
Maximum solids contents were recorded in September
and minimum contents were observed during early lac-
tation (March/April) for each diet (Figure 1A).

The cows from the GRS feeding system produced
milk with significantly higher (P < 0.001) total lacta-
tion average milk fat content than that of TMR and

O’CALLAGHAN ETAL.

CLV systems (Figure 2B). There was no significant
difference in total lactation fat contents between TMR
and CLV milk. Average milk fat content for early, mid,
and late lactation were (mean + SD) 4.23 + 0.18, 4.24
=+ 0.18, and 4.65 + 0.13% for TMR, 4.56 + 0.26, 4.46 =+
0.19, and 4.90 + 0.29% for GRS and 4.04 + 0.18, 4.21
+ 0.17, and 4.57 + 0.24% for CLV, respectively. Maxi-
mum fat concentrations were recorded in October and
minimum fat concentrations were observed in March/
April for each diet (Figure 1B).

The cows in both the GRS and CLV feeding sys-
tems produced milk with significantly higher protein
concentration than that of cows on the TMR system (P
< 0.001; Figure 2D and 2E). No significant difference
was found in the average lactation milk TP contents
between GRS and CLV systems. However, on a % of
total protein basis, GRS-derived milks had significantly
higher lactation average % TP of total protein content
(94.59 + 0.82%) than TMR (P = 0.003; 94.02 + 0.72%)
and CLV (P < 0.001; 93.65 £+ 1.16%), which was also
significantly greater than TMR, (P = 0.036; Figure 2F).
Crude and TP contents also varied throughout lacta-
tion, whereby average CP contents for early, mid, and
late lactation were (mean £+ SD) 3.11 £ 0.09, 3.27 £
0.11, and 3.68 + 0.10% for TMR; 3.33 + 0.09, 3.50
+ 0.18, and 4.02 + 0.17% for GRS; and 3.31 £ 0.11,
3.45 4+ 0.10, and 3.84 + 0.21% for CLV, respectively.
Maximum milk protein concentrations were recorded in
October and minimum protein concentrations were ob-
served in March/April for each diet (Figure 1D). Milk
casein content from the TMR system was lower than
both GRS (P = 0.008) and CLV systems. However,
no significant difference was found in casein contents
of GRS and CLV milks. Casein and whey contents in-
creased throughout lactation in each system. Maximum
milk casein and whey concentrations were recorded
during late-lactation in October and minimum concen-
trations for each were observed in March/April for each
diet.

Lactose concentration did not differ (P > 0.05) be-
tween feeding systems throughout lactation, but did
vary by time, particularly in late lactation. The lactose

Table 4. Mean daily milk yield data of individual cows from TMR, grass, and clover feeding systems throughout
the duration of the lactation trial and live weight of cows at the end of the trial in October

Feeding system

Item TMR Grass Clover SE P-value
Milk yield (L/d) 27.71 20.98 24.59 0.14 <0.001
Milk solids (kg/d) 2.24 1.78 1.99 0.01 <0.001
Protein (kg/d) 0.94 0.76 0.87 0.01 <0.001
Fat (kg/d) 1.31 1.02 1.12 0.03 <0.001
Lactose (kg/d) 1.32 1.01 1.18 0.01 0.716
Live weight (kg) 591.51 532.11 550.45 13.15 <0.001

Journal of Dairy Science Vol. 99 No. 12, 2016
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content of milks remained relatively stable in early
and mid-lactation at 4.95 & 0.08 and 4.94 + 0.06% for
TMR, 4.97 + 0.11 and 4.92 4+ 0.07% for GRS, and 5.00
+ 0.13 and 4.84 + 0.07% for CLV, respectively. There
was a reduction in milk lactose concentrations in late
lactation for all 3 systems; milk lactose concentrations
in October were 4.75 £ 0.02%, 4.67 £+ 0.02%, and 4.65
+ 0.02% for TMR, GRS, and CLV, respectively. The
highest lactose concentrations were recorded during the
early lactation period in March and the lowest figures
were recorded in October (Figure 1C).

No significant difference was found in average yearly
NPN concentration between TMR and GRS milk. The
NPN concentration of CLV milk was significantly higher
(P < 0.001) than that of TMR and GRS milk samples
for yearly production (Figure 2I). Noncasein N content
was highest in CLV milk which was significantly higher
(P = 0.017) than that of TMR milk (Figure 2H).

Milk FA Composition

A total of 27 FA triglycerides were quantified (g/100
g of milk fat) from raw milks each week throughout
lactation by GC-flame ionization detector. Overall, 16
of these FA varied significantly (P < 0.05) between the
different feeding systems. A list of milk FA contents
(mean + SD) during early (March—April), mid (May—
July), and late lactation (August—October) is displayed
in Table 6.

The most abundant FA in milk from each feeding
system throughout lactation were palmitic acid (C16:0)
and oleic acid (C18:1n-9 cis). Average palmitic acid
content for the year was highest in TMR at 24.39 +
2.45 g/100 g of milk fat, which was significantly higher
than GRS at 20.78 + 2.65 g/100 g of milk fat (P =
0.008) and CLV at 20.17 4+ 2.76 g/100 g of milk fat (P
= 0.003). No significant difference was found between
the palmitic acid content of GRS and CLV milk sam-
ples. Total mixed ration milk had the highest average
oleic acid content for lactation at 14.59 + 2.83 g/100
g of milk fat, which was not significantly higher than
GRS or CLV at 13.99 + 3.02 and 13.23 + 2.46 g/100 g
of milk fat, respectively.

Among SFA, significant differences (P < 0.05) be-
tween feeding systems were recorded for undecanoic
acid (C11:0), tridecanoic acid (C13:0), pentadecanoic
acid (C15:0), palmitic acid (C16:0), heptadecanoic acid
(C17:0), behenic acid (C22:0), and tricosanoic acid
(C23:0). Undecanoic acid was significantly lower in
TMR at 0.04 + 0.02 than GRS (P < 0.001) at 0.06 +
0.03 and CLV (P =0.012) at 0.05 4+ 0.02 g/100 g of milk
fat for the year. Tridecanoic acid was lower in TMR,
than that of GRS (P = 0.007) and CLV milk with aver-
age concentrations of 0.07 £ 0.02, 0.08 = 0.03, and 0.08
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+ 0.02 g/100 g of milk fat, respectively. Pentadecanoic
acid was lower in TMR than that of GRS (P = 0.003)
and CLV (P = 0.011) milk with average concentrations
of 0.78 £ 0.16, 0.95 £+ 0.21, and 0.92 £+ 0.12 g/100 g of
milk fat, respectively. Heptadecanoic acid content was
lower in TMR milk than in GRS (P = 0.009) and CLV
(P = 0.05) milk with average concentrations of 0.43 +
0.08, 0.49 + 0.09, and 0.47 + 0.07 g/100 g of milk fat,
respectively. Behenic acid was present but not quanti-
fied in GC chromatograms during the first month of
this study due to levels being too low to quantify. Total
lactation average TMR behenic acid concentration was
0.10 £ 0.06 g/100 g of milk fat, which was greater (P
< 0.001) than GRS and CLV milk, which had little or
no behenic acid with concentrations of 0.00 &+ 0.01 and
0.01 + 0.02 g/100 g of milk fat, respectively. The GRS
and CLV milks had a greater concentration of tricosa-
noic acid (0.04 £+ 0.03 and 0.05 £ 0.03 g/100 g of milk
fat, respectively) throughout lactation than TMR (P <
0.001), which was devoid of FA with a concentration of
0.00 + 0.01 g/100 g of milk fat. Tricosanoic acid, also,
was present but not quantified in GC chromatograms
during the first month of this study due to levels being
too low to quantify.

Among MUFA eicosenoic acid (C20:1) and erucic
acid varied significantly (P < 0.05) between diets.
Eicosanoic acid was lowest (P < 0.001) in TMR at 0.27
+ 0.05 g/100 g of milk fat and CLV was also greater
than GRS (P < 0.001) with concentrations of 0.68 =+
0.10 and 0.53 + 0.09 g/100 g of milk fat, respectively.
Erucic acid content was highest (P < 0.001) in TMR
milk samples.

Among the PUFA, linolelaidic acid (C18:2n-6
trans), linoleic acid (C18:2n-6 cis), a-linolenic acid
(C18:3n-3), ~-linolenic acid (C18:3n-6 cis), C18:2 CLA
(cis-9,trans-11), CLA (cis-10,trans-12), and arachidonic
acid (C20:4n-6) varied significantly (P < 0.05) between
feeding systems. Linolelaidic acid was highest in CLV
and GRS milks with concentrations of 0.36 + 0.04 and
0.33 £ 0.06 g/100 g of milk fat, which were 2.5 times
greater than TMR concentration (P < 0.001) of 0.15
+ 0.07 g/100 g of milk fat. Linoleic acid was high-
est in TMR with concentrations of 1.31 £+ 0.28 g/100
g of milk fat, almost 2-fold higher content than that
of GRS and CLV concentrations (P < 0.001), 0.55 +
0.21 and 0.64 + 0.17 g/100 g of milk fat, respectively.
~-Linolenic acid was highest in TMR at 0.04 + 0.01
g/100 g of milk fat, which was significantly higher (P
< 0.001) than GRS and CLV’s 0.03 £+ 0.01 and 0.03 +
0.01 g/100 g of milk fat, respectively. Pasture feeding
system resulted in significantly (P < 0.001) higher con-
centrations of a-linolenic acid than that of TMR. The
biologically active isomer of CLA . q/un.11 Was present
at highest concentrations in GRS and CLV at 1.44 +
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0.37 and 1.32 £ 0.25 g/100 g of milk fat, respectively,
greater than 2-fold higher (P < 0.001) than the average
TMR CLA cis-9,trans-11 content of 0.58 £ 0.15 g/100
g of milk fat. Total mixed ration had the highest CLA
cis-10,trans-12 content of 0.09 + 0.02. Arachidonic acid
was absent in TMR throughout lactation but present
in GRS and CLV milks at concentrations of 0.05 +
0.03 and 0.06 + 0.02 g/100 g of milk fat, respectively
(P < 0.001). Pasture-derived milks had significantly
higher n-3 FA (n-3) content than that of TMR (P =
0.003), whereas TMR milk had a significantly higher
concentration of n-6 FA (n-6) than GRS and CLV. The
CLV n-6 content was also significantly higher than that
of GRS (P = 0.045). As a result of this, the ratio of
n-6:(n-3+CLA) was significantly lower (P < 0.001) in
pasture-derived milk than in TMR milk. The feeding
system had a significant effect on the desaturase in-
dex, with increased desaturase activity associated with
GRS-derived milks over TMR (P = 0.026). Although
there was no significant effect of feeding system on the
atherogenicity index of milks, there was a significant
effect of feeding system on the thrombogenic index,
where TMR scores were significantly higher than that
of pasture-derived milks (P < 0.01).

Principal Component Analysis

The similarity plot defined by principal compo-
nents PC-1 and PC-2 showed a clear discrimination of
samples according to both feeding system and stage of
lactation (Figure 3). All samples from early lactation
are located on the positive side of the plot, whereas mid
and late lactation samples did not appear to cluster
based on season but are very clearly separated accord-
ing to feeding system. All TMR samples clustered on
the positive side of the plot; however, the majority
of GRS and CLV samples are located in the negative
section. Early lactation samples were characterized by
oleic acid and stearic acid, whereas mid and late lacta-
tion TMR samples are characterized by behenic acid,
erucic acid, palmitic acid, ~-linoleic, and linoleic acid.
In contrast, however, mid and late lactation GRS and
CLV samples are characterized closely by pentadeca-
noic acid, tridecanoic acid, tricosanoic acid, linolenic
acid, CLA (C18:2 cis-9,trans-11), arachidonic acid,
undecanoic acid, and linolelaidic acid content, which is
in agreement with Table 6.

DISCUSSION

Several studies in the past have reported that TMR
and white clover diets are associated with increased
milk yields from the cow when compared with pasture-
only diets. Studies investigating the use of TMR feeding
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systems have reported an increased DMI, and due to
the high protein and dietary fat nature of a TMR diet,
increased net energy intake has resulted in significantly
greater milk yields than that of a pasture-based system
(Kelly et al., 1998; Kolver et al., 2000; Bargo et al.,
2002; O’Neill et al., 2011; Kennedy et al., 2015). In
contrast, white clover perennial ryegrass has a lower
resistance to chewing than other grasses with increased
daily DMI (10-35%) being reported (Caradus et al.,
1996). This, coupled with its high nutritive and feed-
ing value, higher digestible protein, and faster rate of
passage through the rumen, means white clover feeding
systems have resulted in increased milk yield, compared
with perennial rye pastures not containing any clover
(Ulyatt, 1981; Minson, 1990; Harris et al., 1997). With
this in mind, the present study investigated the effects
on milk composition from feeding cows a diet of TMR,
perennial ryegrass only or perennial ryegrass/white clo-
ver throughout an entire lactation. Our data revealed
similar trends for milk yield to those mentioned above
(Table 4).

Seasonal variations in milk composition of pasture-
based systems have been well described in the past.
Milk composition from each feeding system in this
study all followed similar lactation trends to each other,
which are in agreement with those of previous studies
conducted in both Ireland and New Zealand (Lucey,
1996; Auldist et al., 1998; Figure 1). Concentrations
of TS and macronutrient components of milks (e.g.,
fat protein, casein, whey) were lowest in early lacta-
tion and increased as lactation progressed. This trend
is likely due to a concentrating effect as a result of
reduced milk yield as cows progressed from the mid
to late stage of lactation (Auldist et al., 1998). The
GRS milk had significantly higher yearly average TS
content than that of TMR and CLV milks, which can
be attributed to the significantly higher fat and protein
contents of GRS; indeed, among milk composition, fat
and protein are the 2 components most subjected to
change due to feeding system (Santos, 2002).

The GRS milk had significantly higher fat content
than TMR and CLV feeding systems (4.65, 4.39, and
4.30% fat, respectively), which is consistent with past
studies where milk fat percentage from cows grazing
pasture was increased compared with that of a TMR
feeding system (Kelly et al., 1998; Kolver et al., 2000;
Kay et al., 2005). Reynolds (2006) reported that grains
such as maize used in TMR diets can provide a high
proportion of starch for digestion in the small intestine
leading to an increase in milk yield and a decrease in
milk fat concentration. The CLV diet resulted in a re-
duced milk fat content, which concurs with a study by
Harris et al. (1997) where increased proportions of white
clover in the diet increased daily milk yield and reduced
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Figure 3. Principal coordinate analysis plot of mean raw milk FAME results throughout lactation, indicating clear separation of milks from
pasture and TMR feeding systems [TMR (A), perennial ryegrass (M), perennial ryegrass/white clover (®)], and stage of lactation (early, mid,

and late). ¢ = cis; t = trans. Color version available online.

the fat content of milk compared with cows consuming
no clover. Similar studies in the past have found that
use of a TMR feeding system can produce milk with
higher fat contents (Dhiman et al., 1999; Couvreur et
al., 2006). Feeding of TMR diets high in UFA has been
linked with a reduction in milk fat content as UFA
are toxic to many rumen bacteria, particularly those
responsible for fiber degradation, resulting in reduced
activity of acetyl CoA carboxylase enzyme and de novo
synthesis (Palmquist and Jenkins, 1980; Piperova et al.,
1998).

Pasture-based diets (GRS and CLV) had significantly
higher yearly average protein content than that of the
TMR diet (3.65, 3.56, and 3.38% protein, respectively),
and possibly, more importantly, from a manufacturing
perspective, TP and casein content also followed this

Journal of Dairy Science Vol. 99 No. 12, 2016

trend. Although Harris et al. (1998) found no signifi-
cant difference in CP contents of milks from pasture
with and without inclusion of white clover, there was
a significant difference in the CP contents of GRS and
CLV diets here, which could be attributed to increased
milk yield associated with CLV system. Increased pro-
tein content of pasture milk over TMR milk has also
been seen by Couvreur et al. (2006) who reported a
linear increase in milk protein content with increasing
pasture content of the cows’ diet. Couvreur et al. (2006)
attributed the increase in protein content to a modifi-
cation of energy provided to the udder by an increase in
propionic acid supplied to the rumen from GRS diets.
Dhiman et al. (1999) and Schroeder et al. (2003), how-
ever, have reported increased protein contents in milks
derived from increased protein and energy intake with
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TMR feeding systems. In contrast, studies have shown
that protein content may be negatively influenced by
a high intake of dietary fat (DePeters and Ferguson,
1992).

The GRS milk was shown to have significantly
higher quality protein with highest TP content of total
protein (Figure 2F). Significant differences in the TP
and casein contents of milks could be of concern to
milk manufacturers as previous studies have attributed
improved cheese-making properties and rennet coagula-
tion characteristics to milk with increased protein and
casein concentration (O’Brien et al., 1999; Amenu et
al., 2006). It has been reported that a 0.1% reduction
in total casein concentration can cause a reduction
in cheddar cheese yield potential by 0.5 kg/100 kg of
milk (Guinee et al., 2001), resulting in major losses for
cheese manufacturers (Amenu et al., 2006). The CLV-
derived milk had a higher NPN concentration (0.04%)
than that of GRS or TMR, which were the same (0.03
vs. 0.03% NPN) and CLV NCN concentrations were
significantly higher than those of TMR milk (0.124 vs.
0.112% NCN). Such NPN and NCN results are similar
to those of Harris et al. (1998) who reported that in-
creased clover proportions in the diet resulted in higher
urea concentrations, which can account for up to 48%
of NPN content (Wolfschoon-Pombo and Klostermeyer,
1981). Increased proportions of NPN and NCN could
be of concern to dairy manufacturers whose typical pay-
ment scheme is on a CP basis, with increased NPN and
NCN resulting in poorer quality protein and potential
reduction in product yields.

Milk fat is primarily composed of 2 major fractions:
long-chain FA (50-70%) and short-chain FA (30-50%).
Long-chain FA are typically derived from the dietary
system; short-chain FA, however, are synthesized de
novo by the mammary gland, utilizing precursors such
as acetate and butyrate (Santos, 2002). No significant
difference was found in total SFA content in each milk;
pasture-derived milks had insignificantly lower amounts
of SFA compared with TMR milk, which correlates
with a similar study by Baltusnikiené et al. (2008) com-
paring milk FA content from TMR and pasture diets.
Lower SFA content would be a beneficial attribute for
human health as consumption of saturated fat has been
associated with several human diseases, especially car-
diac problems in the past (Pfeuffer and Schrezenmeir,
2000). However, there is increasing evidence available
that dietary SFA, in the context of dairy foods, have
a neutral or inverse association with cardiovascular
disease (Siri-Tarino et al., 2015). The pasture diets had
significantly higher concentrations of undecanoic acid
and pentadecaoic acid similar to results reported by
Adler et al. (2013) who compared organic versus TMR
farming systems effects on milk. Baltusnikiené et al.
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(2008) reported that cows consuming a TMR diet pro-
duced milk with higher levels of palmitic acid, which
was also observed in this study. Such results coupled
with increased amounts of total medium-chain FA indi-
cate an association between pasture diets and increased
de novo synthesis of FA occurring in the mammary
gland. Increased levels of linolelaidic and «-linoleic acid
in pasture-derived milks and increased linoleic acid
content in TMR milks was also observed by Couvreur
et al. (2006) when examining the effects of 100% corn
silage diets versus a 100% grass diet on milk composi-
tion. Two processes that contribute to the development
of ischemic heart disease include atherosclerosis and
thrombosis, and the occurrence of both of these can
be attributed to consumption of dietary fats (Fehily
et al., 1994). Alterations in the FA of milks between
feeding systems resulted in TMR-derived milks having
significantly higher thrombogenicity indices than those
of pasture-derived milks.

The n-6 and n-3 PUFA have been described as pre-
cursors to eicosanoids, which are potent lipid-mediating
signaling molecules that play a role in regulation of
inflammation. In general, n-6-derived eicosanoids are
pro-inflammatory whereas n-3-derived eicosanoids are
anti-inflammatory (Patterson et al., 2012). The ratio
of n-3 to n-6 FA in dietary products has received much
attention in recent years and evidence is increasing that
the dietary balance of n-3 and n-6 FA is perhaps as
important as the dietary proportions of SFA, MUFA,
PUFA, and total fat (Benbrook et al., 2013). The nu-
tritionally optimum intake ratio of n-6 to n-3 FA for
humans has been reported to be near 1-4:1; however,
in recent years the Western diet has resulted in sig-
nificant increases in n-6 FA to undesirable levels of as
high as 15:1. Coinciding with this increased intake of
n-6 FA in the Western diet are increases in inflam-
matory related diseases, see review by Patterson et al.
(2012). Milks derived from TMR had 27% higher n-6
FA content than that of pasture-derived milks, whereas
the n-3 FA content of pasture-derived milks was 37%
higher than that of TMR-derived milk. These data cor-
roborate results reported by Benbrook et al. (2013),
who performed a nationwide study of FA content of
milks from conventional and organic dairy farms in the
United States. The beneficial modulation of the level
of n-6 and n-3 FA content of milks from pasture-based
cows could be beneficial for combating this negative
trend of high n-6 and low n-3 FA intake in developed
societies (Benbrook et al., 2013).

The bioactive isomer CLA has been shown to exert
potent physiological functions such as antihypertensive,
antiobesity, antidiabetic, and anti-carcinogenic proper-
ties (Koba and Yanagita, 2014). Conjugated linoleic
acid is formed in the rumen as an intermediate in the
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biohydrogenation pathway of linoleic acid to stearic
acid by Butyrivibrio fibrisolvens (Kelly et al., 1998;
Baltusnikiené et al., 2008; Koba and Yanagita, 2014).
Many studies in the past have reported the positive
linear response of CLA concentration in cow milk to
intake of fresh pasture (Stanton et al., 1997; Kelly
et al., 1998; Dhiman et al., 1999; White et al., 2001;
Slots et al., 2009). We revealed that pasture-fed cows
in the current study produced a greater than 2-fold
concentration of CLA ¢is-9,trans-11 than that of TMR
(1.38 vs. 0.58 g/100 g of milk fat, respectively). This
result is similar to that reported in past studies (Kelly
et al., 1998; White et al., 2001; Couvreur et al., 2006)
and is a much higher increase than that reported by
Baltusnikiené et al. (2008). Milk fat CLA is affected by
intake of UFA. In this respect, fresh-pasture-associated
increases in milk CLA content have been attributed to
increased a-linolenic acid content in grasses, which is
extensively biohydrogenated in the rumen (Harstad et
al., 2010). The GRS milk also had a higher desaturase
index than TMR milk, indicating increased activity
of stearoyl CoA desaturase, which is involved in CLA
production (Medrano et al., 1999); this result is also
in agreement with results by Lock and Garnsworthy
(2003), who also suggested that fresh grass promotes the
synthesis of CLA through an increase in A’-desaturase
activity. Data from the current study revealed greater
variation in the CLA content of GRS and CLV samples
throughout lactation, than that of TMR (SD of 0.15,
0.37, and 0.25 g/100 g of milk fat, respectively). Similar
variations in CLA content have been reported in the
past by Kelly et al. (1998).

Principal component analysis of average milks FA
contents showed clear separation throughout the entire
lactation between TMR-fed and pasture-based milk.
Overall, this analysis shows that the FA composition
of milks from TMR diets and pasture-based diets was
quite distinct, whereas the GRS and CLV pasture diets
were much less differentiated. Similarly, early lactation
milks were very different to mid and late lactation sam-
ples, however, little distinction was found between mid
and late lactation samples within TMR and pasture
feeding systems, indicating that FA profiling could be
used as a tool for verification of pasture-derived feeding
systems over TMR systems. This result is in agreement
with results reported by Capuano et al. (2014), which
concluded that FA profiling may be used for the verifi-
cation of fresh grass feeding of cows.

CONCLUSIONS

The novelty of this study was the real-time com-
parison of 3 distinct feeding systems widely practiced
throughout the world on dairy cows over a full lacta-
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tion period. Observed variations in milk composition
could be linked to both stage of lactation and feeding
system used. In conclusion, pasture-based feeding sys-
tems have been shown to produce milk with increased
concentrations of fat and protein. Moreover, the GRS
feeding systems produced milks with better quality
protein with increased TP concentrations. The use of
a TMR feeding system resulted in significant decreases
in protein, fat, casein, and whey concentrations. The
inclusion of CLV appeared to produce milk with com-
positional concentrations more comparable to that of
GRS. The feeding system used also had a direct effect
on milk FA composition. Feeding of GRS appeared to
beneficially alter the nutritional status of milks with
greater than 2-fold increases in total concentration of
CLA, particularly the health benefitting isomer CLA
cis-9,trans-11 offering further confirmation to previous
studies that revealed an association between increased
milk CLA and fresh grass feeding. Pasture feeding sys-
tems resulted in significantly higher contents of n-3 FA
and significantly lower contents of n-6 FA than that
of TMR milk, which also had a significantly higher
thrombogenic index than that of pasture-derived milks.
Finally, this study further indicated the possibility of
FA profiling of milk for verification of fresh pasture
feeding systems over that of TMR systems.
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