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Foreword
In recent decades, growth in dairy production has typically led farms in most developed
nations to become larger and more intensive. Typically, as farmers intensify, cows have reduced
or no access to pasture and are instead housed indoors, where they are fed ensiled forages and
grains. Under these conditions, dairy farmers can carefully control the animal’s diet to produce
more milk per cow than is typically possible in a pasture-based systems. The system of milk
production will have a significant impact on farm profitability, environmental sustainability,
animal health and welfare, and milk composition.
It is currently estimated that only 10% of global milk production originates from grazing
based systems. Grass from grazing land (pasture) is an important source of feed for dairy cows in
Ireland. Ireland’s temperate climate and soil type provides ideal conditions for grass growth, and
with that, Irish cows spend the majority of their lactation grazing outdoors. It is estimated that
96% of the diet on a fresh matter basis and 82% on a dry matter basis of the typical Irish cow
diet comes from forage; while 74 to 77% of the diet comes from grazed pasture on a fresh
matter basis. Consumers typically consider pasture based farming systems as healthy, animal
welfare friendly and environmentally sustainable methods of milk production. As such there is
increasing consumer interest in dairy products derived from grazed pasture, which in some
markets demand a premium price. This has resulted in milk processors in certain countries
offering premium payments for milk produced from cows that have a minimum access period to
pasture.
The composition of milk directly affects its processing characteristics, nutritive value,
yield and overall quality. Changes in individual components of milk influence its functionality
across a variety of products including cheese, yoghurt, milk powders (e.g. whole and skimmed
milk, protein powders, concentrates, etc,), and nutritional beverages, such infant milk formula, in
which dairy ingredients are used. End users of dairy ingredients require milk with predictable
composition, for efficient processing, formulation and functionality, to produce consistently high
quality final products.
Over the last number of years, the Animal and Grassland and Food research
programmes’ at Teagasc have jointly completed a comprehensive set of studies to compare the
nutrient and processing characteristics of milk derived from cow’s fed diets based on grazed
grass versus indoor total mixed ration. The results of this research support previous findings in
that milk and dairy products produced from grass-fed cows have significantly greater
concentrations of fat, protein, and other beneficial nutrients and are superior in appearance and
flavour to milk products derived from cows fed indoors on a total mixed ration diet. The scope
of this research has been further expanded to provide additional scientifically validated
compositional data to further differentiate dairy products coming from a grass-fed diet compared
to a total mixed ration diet.
Prof. Pat Dillon
Head of Teagasc Animal
& Grassland Research
and Innovation
programme

Dr. Mark Fenelon
Head of Teagasc Food
Research Programme
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Define and verify pasture base – how does Irish “pasture fed” compare to
the world
L. Shalloo1, B. Moran2 and D. O’Brien1
1
Teagasc Livestock Systems Department, Animal and Grassland Research and Innovation Centre, Moorepark,
Fermoy, Co.Cork, Ireland.
2
Teagasc Rural Economy Research Centre, Athenry, Co. Galway, Ireland.
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Abstract
Dairy cows’ unique rumen allows them to digest fibrous forages and feedstuffs. Surprisingly, to
date there have been few attempts to develop national methods to gain an understanding of the
make-up of a dairy cow’s diet, despite the importance of milk production. There is growing
consumer interest in purchasing milk based on the composition of the cow’s diet and the time
they spend grazing. The goal of this research was to develop a methodology that could be
populated with data from both research and industry databases. Our analysis showed that the
average annual cow feed intake on a fresh matter basis ranged from 22.7 t in 2013 to 24.2 t in
2017 and from 4.8 t to 5.0 t on a dry matter basis for the same period. Forage, particularly
pasture, was the largest component of Irish cows’ diet typically accounting for 96% of the diet
on a fresh matter basis and 82% of dry matter intake over the 3-years. Within cows forage diet,
grazed pasture was the dominant component and on average contributed 74%-77% to the
average annual cow fresh matter diet over the period. Internationally there is a substantial rise in
the number of grass fed claims being made around dairy products. Developing a robust national,
science based, accredited grass fed standard and claim for Irish milk is central to ensuring Irish
dairy is capable of exploiting the reality of the system operated at farm level.
Introduction
Grass from grazing land (pasture) is an important source of feed for dairy cows in many parts of
the world. When managed correctly, pasture is a very nutritious feed, which allows dairy cows to
produce milk rich in protein, omega-3, vitamins and minerals. Consumers’ usually consider
pastoral farming as healthy, animal friendly and an environmentally sustainable method of milk
production (Heerwagen et al., 2013; Elgersma, 2015). The rising consumer interest in how foods
like milk are produced has led to the development of milk brands that require farmers to mainly
feed their cows grass, e.g. Organic Valley’s Grassmilk (WSJ, 2014). These dairy products are in
high demand in some nations and are sold at a market premium price (WSJ, 2014; OMSco,
2015). Consumers’ intuition regarding pasture-based farming is not necessarily based on
scientific research, but there are several research studies that support their opinion. For instance,
regarding animal welfare, research by Olmos et al. (2009) comparing cubicle-housed and pasturebased dairy cows over a full production cycle showed that a pasture system improved cow
welfare in terms of lameness. With regard to human health, a review of research studies by
Elgersma (2015) highlighted that milk produced from grazing cows has higher levels of desirable
or healthy polyunsaturated fatty acids (e.g. α-linolenic acid) than milk from housed cows fed total
mixed ration diets. Research studies by Rotz et al. (2009) and O’Brien et al. (2012) have
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highlighted how pasture can improve the environmental performance of primary dairy
production by reducing greenhouse gas and ammonia emissions. There is also now considerable
debate around the role of animals in the generation of protein for human consumption. There is
a scientific evidence to say that protein generated from animal origins is of higher quality in
relation to its amino acid profile and also through the presence of micro nutrients (Broderick,
2018). Recent studies are showing that grass based systems of milk production increase net
production of human edible protein when compared to cows fed with TMR diets rich in human
edible protein (Motet et al., 2018).
In recent decades, growth in dairy consumption has typically seen farms in most developed
nations become larger and more intensive (Alvarez and del Corral, 2010; Winsten et al., 2010).
Normally, as farms intensify, cows have less or no access to pasture and are instead housed
where they are typically fed ensiled forages and grains. Under those conditions, dairy farmers can
carefully control the animal diet to produce more milk per cow than is possible by simply feeding
pasture. This allows producers to generate more milk revenue and is often the main reason to
move away from pastoral farming. However, this conflicts in some markets with consumer
requirements for pasture feeding of cows. As a result, in certain nations, such as the Netherlands,
some processors offer greater payments to milk suppliers when cows get access to grass for a
minimum period (Elgersma, 2015). This satisfies current market requirements, but provides very
little quantitative information on the amount of a cow’s diet that comes from pasture and may
not actually be advantageous from an environmental or animal welfare perspective. The
sustained market interest in grass-based dairy products is leading to greater consumer requests
on the typical quantities of grazed pasture and forage (i.e. grazed pasture and conserved forages)
in a dairy cow’s diet. The development of a method to quantify the levels of pasture in the diet
allows robust numbers to be placed around the system of production or the product produced
depending on the methodology used. The key focus of this process should be around providing
certainty for the customer and counteracting spurious claims. A key question that then arises is
what should be included within any claim on grass fed. This paper outlines the Irish situation
around pasture levels in the diet of dairy cows and discusses some of the issues around
generating a grass fed claim.
Materials and Methods
A methodology to quantify the levels of pasture in the diet of cows has been developed (O‘Brien
et al., 2018). The model operates with a monthly time step, thus allowing the further breakdown
of the forage in the form of grazed grass and grass silage. Detailed activity data is required in
order to populate the model around monthly feeding levels, turnout and housing information,
milk production and livestock numbers. In the analysis shown in this paper the data source used
was the National Farm Survey (NFS). This nationally representative dataset was used over the
period 2013 to 2017. However, the methods have now also been deployed within the Bord Bia
SDAS database which will allow numbers to be generated for the whole of the Irish dairy
industry every 18 months. Cow forage and pasture intakes were estimated as fed (fresh matter
(FM)) and in terms of dry matter (DM). While the as fed/FM methods developed as part of this
work are relatively new they provide for consumers the typical fresh quantities of pasture
consumed by grazing cows and the breakdown of the different quantities as they are fed in
physical quantities.
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Results
Annual total intake as fed per dairy cow ranged from 22.7 t in 2013 to 24.0 t FM in 2017. Forage
accounted for the majority of Irish cows’ annual diet in all years ranging from 94.8% to 96.8% of
the diet on a FM basis. Grazed pasture was the largest individual component of dairy cow diets
and on average contributed 74% to 77% of the average annual cow FM diet over the period. The
high contribution of pasture to the annual cow diet was primarily explained by the long grazing
season, which ranged from 249 to 259 days over the 5-year period. Grass silage was the second
largest fresh component of the annual diet (18%-22.4%) followed by concentrate feed (3.2%5.2%) for the period. In terms of DM, cow’s annual total intake was lower than on a FM basis
ranged from 4.8t to 5.0t over the 5 years (Table 1). Again, forage was the largest feed source
representing 78.9% to 83.7% of the average cow annual DM diet. Similar to estimating the
annual cow diet on a FM basis, grazed pasture was the main component of the diet on a DM
basis, accounting for 56.8%-62.2% of the average cow diet. Concentrate was the second largest
individual feed component of the annual cow diet on a DM basis in 2013, but for 2014 and
2017, grass silage represented a greater share of the annual diet.
Table 1. Typical as fed cow diets (mean ± standard deviation) of specialist dairy farms from the Irish national
farm survey

Item
Number of farms
Turnout date to pasture
Full time housing date
Days access to pasture
Pasture, % FM
Grass silage, % FM
Grass, % FM
Alternative forages3, % FM
Forage, % FM
Concentrate, % FM

2013
275
07/03
18/11
256
74.2
19.2
93.4
1.5
94.8
5.2

2014
318
04/03
17/11
258
76.8
18.0
94.9
1.1
96.0
4.0

2015
314
03/03
13/11
255
76.9
18.4
95.3
0.9
96.2
3.8

2016
341
0303
1611
259
72.8
22.4
95.2
1.6
96.8
3.2

2017
327
06/03
10/11
249
73.4
22.1
95.4
0.6
95.9
4.1

Pasture, % DM
Grass silage, % DM
Grass, % DM
Alternative forages, % DM
Forage, % DM
Concentrate, % DM
Carbon Footprint kg CO2e/FPCM

56.8
19.8
76.6
2.3
78.9
21.1
1.26

61.6
19.5
81.0
1.8
82.8
17.2
1.23

62.2
20.1
82.3
1.4
83.7
16.3
1.13

59.3
24.4
83.7
2.3
86.0
14.0
1.09

60.5
21.7
82.2
1.9
84.1
15.9
1.13

Discussion
Comparing our estimates of the quantity or proportion of pasture in the diet of dairy cows to
previous work is difficult given that most published estimates are from research farms. Typically,
research dairy farms are not operating under commercial conditions and are usually testing the
effect of different treatments on animal performance variables, etc. under controlled
experimental conditions. Therefore, comparisons between research and commercial farms are
likely to be biased. However, the comparison with previous research systems provides solid
Grass Fed Dairy Conference 2018 - Shalloo et al.
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validation that Irish dairy farms are highly reliant on grass, particularly pasture for a large
proportion of their diet. There is potential to increase further the proportion of pasture in the
diet of Irish dairy farms by reducing concentrate supplementation and increasing grass growth
and utilization evident on the top 10% of farms from the National Farm Survey (O’Brien et al.,
2015). The outputs from the grass fed proportions presented in this paper can inform interested
consumers further on the system of production associated with the food that they consume. This
has become an important question in several developed nations and one which dairy processors
and retailors wish to provide reliable information to their customers. The proportion of grass in
the diet of dairy cows’ is becoming of particular interest and potentially seen as an indicator of
the period cows’ spend outdoors grazing. The latter is already an important measure for specific
dairy products in some regions, with some consumers willing to pay a premium. Important
information can be provided on grazing cow diets and grazing season length as we have
demonstrated in this paper. Our national approach to estimating a cow’s diet has the potential to
be replicated for more countries around the world. This would benefit the global consumer by
allowing them make more informed decisions around the typical diet of dairy cows facilitating
them to make more informed decisions when they purchase dairy products in the future. Over
the long term, it may also increase the overall value of dairy products for milk suppliers and
processors.
Internationally there are many claims being made around grass fed milk. In reality, there is no
agreement or strong standards that could be applicable internationally in relation to grass fed.
These claims are increasing dramatically on annual basis. There is huge diversity of the criteria of
the claims that are being made, but broadly they can be characterised across three main criteria;
firstly 100% Grass Fed, secondly Stated percentage of grass in the diet and finally generally
labelled as grass fed without any details on the levels of grass in the diet. These broad themes
generally characterise all of the claims. Examples of claims are extremely broad and include:
•
•

•
•
•

•
•

Stonyfield certified by the Pennslyvania Certified Organic for 100% grass
http://www.stonyfield.com/products/yogurt/100percent-grassfed/greek-plain-24oz
Mapple Hill Certified by the Pennsylvania Certified Organic for 100% grass fed with a
minimum of 120 day grazing season. With supplementation allowed based on specific
rules.
OrganicVally 100% Grass Fed not verified. With a minimum 120 grazing season length
with outdoor access all year round and supplementation options are limited
Dreaming Cow. Never Housed, Corn silage feed offered.
http://www.dreamingcow.com/
Horizon Organic Cows are required to have year-round access to the outdoors, shade,
shelter, exercise areas and direct sunlight. The product is produced in compliance with
USDA regulations.
Atlanta Fresh claimed as 100% fresh certified as non GM https://maplehill.com/story/
Friesland/Campina - The feed for the cows is mainly composed of grass or other
roughage. To optimise the animals’ intake, milk production and welfare, farmers also buy
concentrated feed which may only be purchased from manufacturers on a list of
approved feed suppliers https://www.frieslandcampina.com/en/sustainability/csrcases/outdoor-grazing-cows-in-meadows/suppliers.
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The schemes mentioned above are very varied and diverse, and make differing claims about the
product/system. There is generally little, if any, verification of the claims and there is little, if any,
oversight on the providence of the claims.
It is extremely apparent that there is a requirement for Ireland to develop a claim around the
levels of grass fed in the diet of dairy cows, but also to develop a standard that different claims
can be developed under with an auditing system to match. The standard should be developed to
an internationally recognised standard (ISO) and should be accredited by a body such as the Irish
National Accreditation Board (INAB). In reality the standard and claims that are developed can
be about the system operated to produce milk or they can be about the milk itself. The
standards, claims and the auditing requirement of the two different approaches are and will be
vastly different. Under the system definition, the standard developed should be generated for a
batch of milk (groups of suppliers together) and there should be a minimum requirement in
relation to “Grass Fed” for the batch rather than for individual farms and the numbers generated
should be an annualised number. The standard will include the broad principles in which claims
are made, should encompass how any information is generated, and should include average
information of grazing season length, grass proportion in the diet, concentre proportion in the
diet as well as additional information that may be pertinent to any particular claim. From time to
time there will be individual farms that go below the criteria for a period of time but if milk is
always defined based on the batch then this will not be an issue. Similarly, across years there can
be significant variation in climatic events as has been experienced on many farms in 2018.
Therefore in order for the system standards to function, they should refer to a number of years
together on a rolling average basis. This, for example, may include a three year rolling average
period that moves with time.
An important point to note, given current data collection processes (SDAS and NFS) to generate
grass fed numbers is that the information for any one year is collected for the previous year
(information is not live). Therefore the data that is collected on the milk produced today will not
be collected for up to a year or more. While this will be acceptable for a standard and a claim
developed at a system level it will not be as useful if standards and claims are made about
product. It is important to note the difference between the standards and claims about the
system and the product. If the claim is being made about the individual product produced then
there is a requirement to have live information from the individual farms as the milk is being
produced and therefore a different mechanism of data capture is and will be required, albeit
using the same model or a milk testing approach could be deployed if it was available and was
accurate. While these differences are arbitrary in nature, it is important that they are incorporated
within the thought process as standards are developed and claims are made around grass fed for
the Irish dairy industry.
Conclusion
Internationally there is a big increase in the pasture fed claims being made on dairy products.
Ireland now needs to place a claim around the providence of the diet of Irish dairy cows. This
paper presents an internationally recognised peer reviewed methodology to quantify grass levels
in the diet. A new internationally recognised standard needs to be developed to ensure any claims
made are robust, have scientific integrity, and can be stood over.
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Abstract
This study investigated the effects of pasture versus indoor total mixed ration (TMR) feeding
systems on milk and milk solids production, the chemical composition, quality characteristics
and sensory properties of raw milk, sweet cream butter and full fat cheddar cheese. The
experiment had three treatments. Group 1 was housed indoors and fed a TMR diet of grass
silage, maize silage and concentrates, Group 2 was maintained outdoors on perennial ryegrass
(Lolium perenne L.) only pasture (GRS), while Group 3 was also maintained outdoors on perennial
ryegrass/white clover (Trifolium repens L.) pasture (CLV). Milk from pasture-based systems had
greater fat and protein contents, and improved protein quality compared with milk from TMR.
Pasture feeding had a beneficial impact on the fatty acid profile of milk and dairy products with
increased concentrations of beneficial nutrients such as Omega 3 fatty acids, conjugated linoleic
acid, vaccenic acid and reduced levels of palmitic acid, Omega 6 fatty acids and thrombogenecity
index score than TMR. Alterations to the fatty acid content resulted in significant rheological
differences of butter and Cheddar cheeses including textural properties and colour. Pasture
derived products were shown to have significantly greater contents of β-carotene, imparting a
characteristic yellow colour on products. Sensory analysis revealed a preference for dairy
products derived from the pasture-based systems compared with the TMR-based system.
Introduction
Ireland has a somewhat unique low input pasture-based dairy system where its temperate climate
and soil type provide ideal conditions for grass growth and cows spend the majority of their
lactation grazing outdoors. The use of a total mixed ration (TMR), high-input indoor feeding
system is widely used in the United States, parts of Europe and the southern hemisphere (van
Arendonk & Liinamo, 2003, Barberg et al., 2007). A TMR diet typically includes a formulated
mix of forages, grains, minerals and vitamins designed to enable the cow to achieve increased
DM intake, maximum performance and increased milk yield. However, by its nature, a TMR
system is an expensive and high-input enterprise, requiring specialised machinery and housing.
Pasture based systems are lower cost (Finneran et al., 2010) and there is a positive relationship
between pasture utilised and farm profit (Dillon et al., 2005). Recent Teagasc research has shown
that incorporating white clover in the pasture based milk production systems can increase milk
and milk solids production per cow and reduce nitrogen fertiliser requirement (Egan et al., 2018).
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There is currently a consumer perception that milk from cows on pasture is more natural than
that from more conventional indoor ration feeding systems (Verkerk, 2003). However, there is
limited information available to substantiate this, particularly from an Irish grazing system
perspective. Therefore, a study was established to examine the effects of cow feeding systems on
the milk production, composition, quality and sensory characteristics of raw milk, butter and
Cheddar cheese.
Materials and methods
Fifty four spring calving Friesian cows were allocated to three groups (n = 18) at the Teagasc,
Animal and Grassland Research and Innovation Centre, Moorepark, Fermoy, Co. Cork, Ireland.
Three feeding systems were compared over a full lactation; Group 1 was housed indoors and fed
a total mixed ration diet (TMR), Group 2 was maintained outdoors on perennial ryegrass (Lolium
perenne L.) only pasture (GRS), and Group 3 was also maintained outdoors on a perennial
ryegrass/white clover (Trifolium repens L.) pasture (CLV). Cows on the TMR were offered, on a
DM basis, 7.15 kg of grass silage, 7.15 kg of maize silage and 8.3 kg concentrates daily. Cows on
the pasture-based systems were stocked at 2.74 cows ha-1 and were offered ~ 18 kg DM day-1 (>
4 cm). The CLV sward contained approximately 20% white clover across the grazing season.
Cows were milked twice daily, at approx. 0630 and 1530 h. Individual daily milk yield (kg) was
recorded at each milking (Dairymaster, Causeway, Co. Kerry, Ireland). Milk fat and protein
concentrations were determined weekly from one successive evening and morning milking. The
concentrations of these constituents were determined using the Milkoscan 203 (Foss Electric
DK–3400, Hillerød, Denmark). Milk solids yield (kg) was calculated as the yield of milk fat plus
the yield of milk protein. Bulk milk samples were collected post-morning milking weekly
throughout lactation and stored at 4°C prior to analysis. Bulk milk samples were also collected
for the production of mid-lactation sweet cream butter and at the beginning of late-lactation
Cheddar cheese. In order to obtain a representative sample of milk, the cows in each of the
three feeding systems were milked separately into designated 5000 L refrigerated tanks. The
evening milk was stored at 4 °C overnight, to which the morning milk was then added to and
agitated prior to collection. Milk macro composition analysis was carried out using a Foss
FT6000 milkoscan, and nitrogen fractions were analysed using the Kjeldahl method. Triglyceride
fatty acid analysis was carried out using gas chromatography with flame ionisation detection
(GC-FID). Butter samples were analysed for triglyceride content, texture profile analysis, β carotene, colour, thermal properties, volatile and sensory analysis. Cheeses were analysed for
triglyeride content, proteolysis, texture profile analysis, colour, β –carotene, volatile and sensory
analysis. For further info on the materials and methods please see McAuliffe et al. (2016),
O'Callaghan et al. (2016a), O'Callaghan et al. (2016b) and O'Callaghan et al. (2017).
Results and Discussion
The TMR treatment had greater (P < 0.05) annual milk yield and MS yield than the GRS and
CLV treatments (Table 1). Though not statistically significant (P = 0.1217), clover inclusion in
the diet increased MS yield by 39 kg MS cow-1 compared to the GRS treatment (Table 1). There
was a significant treatment × week interaction effect on MS yield. The TMR treatment had
greater (P < 0.05) daily MS yield that the GRS and CLV treatments. Milk solids yield was
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different (P < 0.001) amongst treatments from week nine (end of April) of the experiment until
the end of lactation. The TMR treatment had greater milk production than the GRS and CLV
treatments, most likely due to the higher and more consistent quality of the TMR diet compared
to the pasture based diets (Bargo et al., 2002; Kolver & Muller, 1998). Similar to Egan et al.
(2018), the CLV treatment resulted in increased milk production compared to the GRS,
particularly from June until the end of lactation when sward clover content increases resulting in
increased herbage quality.
Table 1. Daily and cumulative milk production of cows grazing grass only swards (GRS), cows grazing grass
clover swards (CLV) and cows fed on a total mixed ration diet indoors (TMR) over a full lactation (February to
November).

Milk yield (kg/cow/day)
Milk solids yield (kg/cow/day)
Cumulative milk yield (kg/cow)
Cumulative milk solids yield (kg/cow)

GRS
21.12
1.85
6140
515

CLV
22.29
1.93
6881
554

TMR
25.74
2.23
7815
632

SE
1.318
0.063
219.4
15.3

Trt
<0.05
<0.001
<0.001
<0.001

The GRS feeding system produced milk with greater concentrations of fat (4.65% v. 4.39%) and
protein (3.65% v. 3.38%) compared to the TMR system. Moreover, the GRS feeding system
produced milks with improved quality protein with increased true protein concentrations
compared to the TMR system (3.46% v. 3.19%). The inclusion of CLV appeared to produce milk
with comparable compositional concentrations to that of GRS. However, CLV had significantly
(P < 0.05) greater non-protein nitrogen (NPN) than that of GRS and TMR. Pasture feeding
appeared to beneficially alter the nutritional status of milks with greater than two fold increases
in total concentration of conjugated linoleic acid (CLA) c9t11, offering further confirmation to
previous studies that revealed an association between increased milk CLA and fresh grass feeding
(Kelly et al., 1998). Pasture feeding systems resulted in significantly greater contents of Omega 3
fatty acids and significantly lower contents of Omega 6 fatty acids than that of TMR milk, which
also had a significantly greater thrombogenic index (calculated according to Ulbricht &
Southgate (1991)) than that of pasture derived milks. Feeding system resulted in significant
differences in fatty acid (FA) compositions of sweet cream butter. Such alterations in the FA
compositions contributed to significant differences in textural, thermal, sensory and volatile
properties of butters. Pasture-derived (GRS and CLV) systems produced butters with improved
nutritional aspects, including lower thrombogenecity scores and significantly greater
concentrations of CLAc9t11 and β-carotene. Sensory panellist data revealed significantly greater
scores for GRS derived butter in several attributes including “liking” of appearance, flavour and
colour. Volatile analysis of butters by gas chromatography mass spectrometry (GC-MS) revealed
twenty five different compounds from each of the butters, five of which differed significantly
based on feeding system including acetone, 2-butanone, 1-pentenol, toluene and β-pinene. The
nutritional composition of Cheddar cheese was also improved through pasture-based feeding
systems with significantly (P < 0.05) lower thrombogenicity index scores and a greater than twofold increase in the concentration of vaccenic acid and CLA c9t11 (P < 0.05), while TMR
derived cheeses had significantly greater palmitic acid content (P < 0.05). Pasture derived
Cheddar cheeses were shown to have significantly greater Omega 3 fatty acid content while TMR
cheeses had significantly greater Omega 6 fatty acid content. The consumption of CLA has been
associated with several potential health benefits, with recommended intake of 0.8 g CLA d-1 to
attain such benefits based on animal models of therapeutic doses (Siurana & Calsamiglia, 2016).
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Adjusting for the mean fat contents of cheeses in this study, 100 g of Cheddar cheese from TMR
would provide 0.15 g of CLAc9t11, 100 g of CLV cheese would provide 0.35 g of CLAc9t11
whereas 100 g of GRS derived Cheddar cheese would provide 0.44 g of CLAc9t11. Such
alterations in the FA profile resulted in pasture derived cheeses having reduced hardness scores
at room temperature. Both feeding system and ripening time had a significant effect on the
volatile and sensory profile of the Cheddar cheeses.
Conclusion
Feed system had a significant effect on milk yield and milks solids yield. The TMR treatment had
greater milk production than both of the grazing groups. This research shows the benefits of
pasture derived feeding systems for production of milk, butter and Cheddar cheeses with
enhanced nutritional and rheological quality compared with a TMR feeding system. For further
information on these studies see O'Callaghan et al. (2016a), O'Callaghan et al. (2016b),
O'Callaghan et al. (2017) and Faulkner et al., (2018)
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Effect of dairy cow feeding system on milk composition and processability
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Abstract
The current research investigated the comparative effects of three different feeding systems on
the composition and quality of Mozzarella cheese and low heat skim milk powder (LHSMP). The
three feeding systems were cows grazing on perennial ryegrass (Lolium perenne L.) only (GRS),
grazing on perennial ryegrass and white clover (Trifolium repens L.) (CLV), and housed indoors
offered total mixed ration (TMR). Feeding system affected milk composition and processability
to an extent dependent on stage of lactation. Most notably, GRS-based milk had higher
concentrations of protein, casein, Ca, and lower concentrations of lactose, I, Cu and Se than
TMR milk. GRS and CLV-based skim milk powders contained higher levels of vitamin B2 and
B7 compared to TMR milk. GRS milk had a higher mozzarella cheese-yielding capacity than
TMR milk and produced cheese which was more yellow and became more fluid and flowable on
heating to 95 °C. Compared to TMR milk, LHSMP from GRS milk had a higher protein content
and a lower lactose content, and on reconstitution to 10% (w/w) had better rennet coagulability,
but slightly lower ethanol stability at pH 6.8 and 7.0 than milk. The differences in product
characteristics obtained from milks with the different feeding systems may provide a basis for
creating points of product differentiation suited to different markets.
Introduction
The composition of milk is a key factor affecting its processability (e.g. heat stability, rennet
coagulability), product-yielding capacity, and quality of dairy products. The composition of milk
is affected by many factors including breed of cow, stage of lactation of the cow, calving pattern,
and plane of nutrition. Globally, dairy cows are predominantly fed by housing indoors all year
and offering a total mixed ration (TMR), and to a lesser extent by grazing on pasture usually with
concentrate supplementation offered only when pasture growth is inadequate (e.g. extremes of
the pasture-growing season). Most of the milk supply from Ireland derives from spring-calved
herds grazing on pasture. While there are many studies on the separate effects of differences in
diet arising from either of these feeding systems, there is very little direct comparison of both
systems. We compared the effects of GRS, CLV and TMR feeding systems on milk, Mozzarella
cheese and LHSMP throughout lactation.
Materials and methods
Sixty spring-calving dairy cows from the Teagasc Moorepark herd were allocated to three herds,
each comprising 20 cows and balanced for breed, lactation number, mean calving date (19
February) and pre-experimental milk yield and milk solids yield (O’Callaghan et al., 2016; Gulati et
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al., 2018a,b). Each of the herds was assigned to one of three different feeding systems in 2015
and 2016: grazing on perennial ryegrass pasture only (GRS), grazing on perennial ryegrass and
white clover pasture (CLV), or housed indoors and offered total mixed ration (TMR). The daily
feed allowance for the GRS, CLV and TMR herds was 18, 18 and 22.6 kg dry matter per
cow/day, respectively. In 2015, bulk milk samples were collected at 2 or 3 weekly intervals, and
analysed for gross composition and elements over the period from June 17 to Nov. 26 (mid
lactation, ML: June 17-Sept. 9; late lactation, LL: Sept. 22-Nov. 26). Additionally, ML milk was
analysed for individual caseins and whey proteins (RP-HLPC), rennet-coagulability (storage
modulus at 40 min, G′40), and heat coagulation time (HCT) at 140°C and pH values 6.2-7.2. All
milks displayed a type A pH-HCT profile, with a maximum HCT at pH ~6.7 (HCTmax) and a
minimum at pH ~6.9 (HCTmin). In the 2016 study, bulk herd milks were collected in ML (May
23-July 20) and LL (Sept. 27-Nov. 5), and evaluated in triplicate for their Mozzarella cheese- and
low heat skim milk powder making characteristics. Cheesemaking properties evaluated included
cheese composition, yield, recoveries of fat and protein, and changes in physical characteristics
of the unheated- and heated-cheese during storage. Powder characteristics evaluated included
composition, casein micelle size (CMS), zeta potential (z), elements, vitamins and processing
characteristics including rennet-coagulability, HCT, and ethanol stability as functions of pH in
the range 6.2-7.0.
Results
The effects of feeding system on milk composition, Mozzarella cheese, and low heat skim milk
powder characteristics are discussed below, and the significant effects of feeding system are
summarized in Table 1. More detail on milk composition and Mozzarella cheese is available from
Gulati et al. (2018a, b, c).

Effect of feeding system on gross composition and mineral composition in mid (ML)
and late-lactation (LL)
Over the combined mid- and late lactation periods, feeding system affected all variables apart
from the concentrations of Mg, Fe, Mo, and Co. The GRS milk had the highest mean
concentrations of total protein, casein, Ca, and P, while TMR milk had the highest
concentrations of lactose, Cu, and Se, and lowest level of total protein. The CLV milk was
intermediate between GRS and TMR milks for most compositional parameters (Table 1).
However, the exact effects of feeding system on individual variables depended on the lactation
period, with the effects being most pronounced in late lactation, when inter-feeding system
differences in the contents of casein, fat and lactose were larger. ML SMP from GRS and CLV
had significantly higher concentrations of vitamin B2 (Riboflavin) and B7 (Biotin), compared to
TMR SMP. The mean levels of protein, casein, fat, Ca, P, Na, Mg, Zn, Mo and Co in late
lactation milk were higher than those in mid-lactation.
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Table 1. Summary of main effects of dairy cow feeding system on composition and quality characteristics of milk,
Mozzarella cheese, and low-heat skim milk powder 1,2

Item
Milk
Fat (%,wt/wt)
Protein (%,wt/wt)
Casein (%,wt/wt)
Lactose (%,wt/wt)
Ca (mg/100g)
P (mg/100g)
I (µg/kg)
Cu (µg/kg)
Se (µg/kg)
Mozzarella cheese
Ya, actual yield (kg/100kg milk)
Yn, normalized yield (kg/100kg milk)
Colour: a* value (-)
Colour: b* value (-)
Fluidity of melted cheese, LTmax (-)
Flowability on heating at 280oC (%)
Low-heat skim milk powder
(LHSMP)
Protein (%, w/w)
Lactose (%, w/w)
NPN (% total N)
Urea N (% total N)
Reconstituted skim milk properties
Ionic Calcium (mg/100g)
Rennet-gel strength at 40 min, G’40
(Pa)
Ethanol stability at natural pH
(%,v/v)
Ethanol stability at pH 6.8 (% , v/v)
HCTnpH (min)
HCTmax (min)

p-values
Lactation
Period
(LP)

Interaction
FS × LP

GRS

CLV

TMR

Feeding
System
(FS)

4.85a
3.97a
3.05a
4.72b
142.2a
104.0a
183.5b
60.3b
15.7b

4.54b
3.84b
2.95b
4.73b
133.7b
98.9b
100.1b
47.2b
13.9b

4.61ab
3.66c
2.84b
4.82a
131.8b
101.0b
942.5a
76.9a
27.1a

**
***
*
*
***
***
***
***
***

***
***
***
***
***
***
*
N.S
N.S.

N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.

10.39a
9.59a
-5.13b
28.9a
1.86a
23.7a

10.34a
9.44a
-5.36b
29.3a
1.64b
18.9b

9.39b
9.46a
-4.39a
22.0b
1.64b
19.9b

***
N.S.
***
***
**
***

***
**
N.S.
N.S.
*
N.S.

*
N.S.
N.S.
N.S.
N.S.
N.S.

40.5a
49.1b
4.96a
3.07a

39.5b
50.2b
5.34a
3.32a

38.1c
52.0a
5.34a
3.05a

***
***
*
N.S.

***
***
N.S.
N.S.

N.S.
*
N.S.
N.S.

5.46a

4.74b

4.75b

**

N.S.

*

83.2a

66.8ab

63.2b

**

**

N.S.

79.7b

84.0a

82.7ab

**

**

N.S.

83.3b
20.2a
19.4a

87.7a
20.1a
19.7a

88.0a
20.5a
20.1a

**
N.S.
N.S.

***
***
***

N.S.
N.S.
N.S.

a-c Values

within a row relating to different feeding systems and not sharing a common lower-case superscript differ
significantly (p < 0.05) for the effect of feeding system; Significance levels:*, P < 0.05; **, P < 0.01; ***, P < 0.001.
1Presented data for milk are the means of 10 milk samples taken at 2-3 week intervals over the period June 17 –
November 26, 2015. Data for Mozzarella cheese and LHSMP are the means of triplicate trials in mid lactation (May
23- July 11) and in late lactation (September 27- November 5), 2016. 2Feeding system (FS): GRS = grazing on
perennial ryegrass pasture; CLV= grazing on perennial ryegrass and white clover pasture; TMR = housed indoors
and offered total mixed ration.
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Effect of feeding system on nitrogen fractions, rennet coagulation and heat stability in
mid-lactation (ML)
Feeding system affected the concentrations of total protein, true protein and casein and rennet
coagulability, but had little, or no, effect on the proportions of individual caseins or whey
proteins (β-lactoglobulin, α-lactalbumin), non-protein N and urea N as proportions of total N,
concentrations of lactose, ionic calcium (Ca2+) and serum casein, or heat stability at 140 °C.
Compared to TMR milk, GRS milk had higher mean concentrations of total protein, true protein
and casein, a higher proportion of αs2-casein, and enhanced rennet coagulability. The superior
rennet coagulability of GRS milk was consistent with its higher concentrations of casein and Ca.
Similarly, the absence of an effect of feeding system on heat stability in ML was consistent with
the similar concentrations of urea and Ca2+.

Effect of feeding system on Mozzarella cheese-making characteristics in mid (ML) and
late-lactation (LL)
Compared to TMR milk, GRS had higher concentrations of protein and casein, and lower
concentrations of I, Cu and Se, higher cheese-yielding capacity and produced cheese which had:
lower concentrations of the trace elements I, Cu and Se; a more yellow colour (higher value of b*
colour coordinate; indicative of blue to yellow hue; higher heat-induced flow and greater fluidity
(LTmax) when melted (Table 1). These effects were observed over the entire lactation period
(ML+LL), but varied somewhat in ML and LL. Feeding system had little, or no, effect on gross
composition of the cheese, the proportions of milk protein, fat or minerals lost to cheese whey,
the texture of the unheated cheese, or the energy required to extend the molten cheese.
Lactation period had a significant effect on the elemental composition of milk (Ca, Mg, Zn, I,
Cu, Mo, Se) and cheese (Zn, Cu, Mo), cheese yield and cooking properties.

Effect of feeding system on composition and processing characteristics of low-heat skim
milk powder (LHSMP) in mid (ML) and late-lactation (LL)
Feeding system significantly affected the composition and colour of LHSMP and the rennet
coagulability and ethanol stability of the reconstituted LHSMP. Over the entire lactation period
(ML+LL), LHSMP from GRS milk had higher contents of total protein, casein and whey
protein, and lower contents of lactose and iodine than the corresponding powder from TMR
milk. The colour/hue of LHSMP from pasture-based milks (GRS, CLV) was more green-yellow
(lower a*- and higher b*-values, respectively) than that from TMR-based milk. Otherwise,
feeding system did not affect the levels total solids, NPN (% total N), urea (% total N), or
protein profile of the powder. Reconstituted milk from GRS powder (10%, w/w) had higher
Ca2+, stronger rennet coagulability, and slightly, but significantly, lower ethanol stability at pH 6.8
and 7.0 than the equivalent reconstituted milk from TMR powder. Otherwise, reconstituted
milks from GRS, CLV or TMR powders had similar values for CMS, z, casein hydration,
HCTnpH, HCTmax and HCTmin. Feeding system did not affect o the rheological properties of
stirred-yoghurt.
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Conclusion
Feeding system affects milk composition, rennet gelation, Mozzarella cheese yield and quality,
and the composition and functionality of low heat skim milk powder. The differences in product
characteristics obtained from milks with the different feeding systems may provide a basis for
creating points of differentiation suited to different markets.
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Introduction
Despite advances in prevention and treatment, cardiovascular diseases (CVD) remain the greatest
cause of death and disease burden in Europe, and increasing obesity and age of populations will
increase the risk and cost of CVD. Thus diet, an important moderator of CVD risk needs to play
an increasingly important role. Dietary amounts of fat and its fatty acid composition have had
much attention in relation to CVD risk with evidence suggesting that dietary saturated fatty acids
(SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA) and trans fatty
acids (TFA) differentially affect plasma cholesterol, production of inflammatory markers, blood
pressure and arterial stiffness all of which are risk factors for CVD (Livingstone et al., 2013). The
recent UK National Diet and Nutrition Survey report (Roberts et al., 2018) confirms that on
average the UK population has now achieved the target intake of fat (35% of food energy intake;
FEI) but that intake of SFA still considerably exceeds the target of 11% FEI and that the situation
with children is worse than adults. Intake of SFA in the Republic of Ireland tends to be higher
than in the UK (Li et al., 2016) but in both countries milk and dairy products are major dietary
sources of SFA. This had led to campaigns to encourage reduced dairy consumption as well as
research focused on producing milk with reduced SFA content (Kliem et al., 2018). Whilst PUFA
intake has increased in recent times, this has been mainly n-6 PUFA (notably linoleic acid) and
there are concerns that the balance between n-6 and n-3 fatty acids is now considerably suboptimal. Also, within the n-3 family, those thought to be primarily responsible for reducing the
risk of CVD are the long chain (LC) n-3 fatty acids eicosapentaenoic acid (EPA, C20:5) and
docosahexaenoic acid (DHA, C22:6) typically found in marine foods. The ability of humans to
synthesise these fatty acids from dietary α-linolenic acid (C18:3 n-3, ALA) is very limited especially
in men (Burdge and Calder, 2005). This has led to EPA and DHA now being regarded as dietary
essentials and while there is good evidence that most of the UK population do not achieve the
target intake of 450 mg EPA + DHA/day (Givens and Gibbs, 2008) a recent systematic
authoritative review suggests that increasing EPA and DHA intake has little or no effect on
mortality or cardiovascular health (Abdelhamid et al., 2018).
Dairy foods make a substantial contribution to dietary fatty acids and other important nutrients
and it is known that the animals’ diet can influence substantially the amounts and proportions of
fatty acids and other nutrients in dairy food products. Whilst there is good evidence that dairy
cows fed diets based largely on grass can produce milk and hence dairy foods with a different
nutrient profile from those fed more concentrates, there is much less information as to whether
dairy foods from grass-fed animals provide any additional health benefits compared to those
produced more conventionally. This short paper aims to summarise some of the key evidence on
this.
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Grassland vs. concentrate based diets and fatty acids in milk
The lipid content of grass and its fatty acid composition are key factors which influence the fatty
acid composition of dairy products. A number of factors influence the lipid content of fresh
forages including the plant species, ambient temperature, light intensity and growth stage (see
review of Elgersma et al., 2006). Some 95% of the fatty acids in grass consist of C18:3 n-3, C18:2
n-6 and C16:0 with C18:3 n-3 being dominant and occupying typically 50-75% of the total fatty
acids. The fatty acid composition of grass lipid is therefore fairly similar to that in linseed oil where
C18:3 n-3 typically comprises 50-60% of the total fatty acids. The PUFA in grass lipid are
extensively biohydrogenated in the rumen leading to some natural trans fatty acids (TFA) being
produced. In addition, the effects seen on milk suggest that some of the plant C18:3 n-3 escapes
biohydrogenation thus influencing the fatty acids in the food products. The study by Couvreur et
al. (2006) progressively replaced maize silage with fresh grass in the diets of Holstein dairy cows
(diets balanced with soya bean meal and a cereal-based concentrate) and the effect on the milk
fatty acids was measured. The effect on the key fatty acids is shown in Table 1.
Table 1. Relationship between fresh grass and milk fatty acid composition (from Couvreur et al., 2006).

% grass in diet dry matter
Fatty acid (FA)
g/100g total FA

0

30

60

100

P for linear
effect1

C16:0

31.0

28.4

26.8

24.1

***

Saturated FA

71.8

69.8

68.4

64.7

***

Monounsaturated FA

25.9

27.5

28.1

31.2

***

C18:2 n-6

1.55

1.33

1.35

1.26

NS

C18:3 n-3

0.22

0.40

0.56

0.70

***

Polyunsaturated FA

2.81

2.94

3.87

4.52

***

trans-11 C18:1

0.85

1.45

3.12

4.70

***

cis-9, trans-11 CLA2

0.48

0.54

1.21

1.65

***

1***

P<0.001; NS, Not significant P>0.05; 2CLA, conjugated linoleic acid

Total SFA (including C16:0) showed a linear reduction as the proportion of grass in the diet was
increased whereas MUFA, PUFA (mainly C18:3 n-3 and not C18:2 n-6) and TFA (mainly t-11
C18:1; trans vaccenic acid; TVA) increased linearly. Conjugated linoleic acid (CLA) also increased
linearly, likely the result of CLA synthesis in the mammary gland from TVA. The changes in milk
fatty acids are fairly typical of those seen in other studies, although the reduction in SFA and the
increase in MUFA are greater than UK data comparing retail milk from conventional vs. organic
systems and the interaction with winter vs. summer production (Butler et al., 2011). Some studies
have shown an increase in the LC n-3 fatty acids EPA and DHA in milk from grass-based diets
although the increases are very small and generally less than seen in ruminant meat (see review of
Daley et al., 2010).
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Grassland-based milk and dairy products: do they have a health advantage?

Background
At this point it is important to reflect on the increasing evidence, mainly from long term
prospective studies, that milk and dairy food consumption is not associated with increased risk of
CVD, type 2 diabetes and obesity, indeed the opposite. The recent summary of evidence by
Thorning et al. (2016) reported that consumption of milk and dairy products is associated with a
neutral or reduced risk of type 2 diabetes and a reduced risk of CVD, particularly of stroke. There
was no association with all-cause mortality. Yoghurt in particular is associated with a substantial
reduced risk of type 2 diabetes although the mechanisms of this are as yet unclear. The evidence
also pointed to a beneficial effect of milk and dairy intake on bone mineral density and an inverse
association with the risk of colo-rectal cancer. Therefore when considering whether milk from
grass-fed animals is associated with increased ‘healthiness’ of the consumer it must be remembered
that the starting point (i.e. conventional milk) has already got a good track record of ‘healthiness’,
probably meaning that further improvement will be hard to achieve.

Fatty acid related issues
As noted above, the fatty acid composition of grassland-based dairy foods is generally different to
that from animals fed on concentrate diets and aspects of the difference (e.g. less SFA, more n-3)
are often assumed to mean that the grass-based products are ‘healthier’. Such compositional
evidence, is however, quite unreliable as an indicator of change in chronic disease risk resulting
from long-term consumption of these foods. Many factors influence this, not least the impact that
such changes have on the whole diet. For example in the UK, daily intake of n-3 fatty acids by
adults is about 2.0 g/day with dairy products including butter contributing about 55 mg (~3%). If
all milk was produced from grass, and assuming dairy consumption remained the same, the
additional contribution to daily intake of n-3 fatty acids would be about 50 mg, a 100% increase
but a tiny amount. This issue has also been raised in connection with organic vs. conventional milk
with the same conclusion (Givens and Lovegrove, 2016). Livingstone et al. (2012) reviewed the
evidence from human intervention studies on the effect of reducing milk SFA and increasing
MUFA and/or PUFA on risk factors for CVD. The initial and concerning finding was that despite
the fact that many dairy cow nutrition studies have demonstrated changes in milk fat composition,
only nine human studies to assess the effect of modified milk could be identified and almost all
used butter as the main test food. None related to milk produced from grass-based diets although
three used linseed/linseed oil in the cows’ diet. A very recent study at the University of Reading
has shown that milk and derived cheese and butter with reduced SFA and increased MUFA may
moderate a rise in blood cholesterol compared with normal products although the changes in SFA
(70 to 54 g/100g FA) and MUFA (23 to 32 g/100g FA), induced by feeding a high oleic acid
sunflower oil where much greater than seen in grass fed vs conventionally produced milk (Kliem et
al., 2018).
Two of the studies reviewed by Livingstone et al. (2012) adopted a ‘livestock’ approach, modifying
not only fatty acids in milk and dairy products but also that of other animal products, such as eggs,
pork and chicken. It was not therefore possible to differentiate the effect of consumption of
modified milk and dairy products from that of other modified animal products. A more recent
human study (Pintus et al., 2012) with sheep cheese enriched in C18:3n-3, CLA and TVA by
feeding the dairy ewes a linseed supplement is of interest. Mildly hypercholesterolaemic (total
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cholesterol 5.68-7.49 mmol/L) human subjects consumed 90 g/day of ‘normal’ or ‘modified’
cheese for three weeks. The modified cheese significantly increased plasma concentrations of
CLA, TVA and the n-3 fatty acids C18:3 and EPA. Blood LDL-cholesterol was reduced by about
7%, and for the first time the authors suggest, there was a reduction in the plasma concentration
of the endocannabinoid anandamide although the benefit of this is unclear. The authors suggest
that both these effects point to a cheese with beneficial health properties. This may be the case but
there is now a good body of evidence that indicates that the so-called ‘food matrix’ of cheese
reduces the proportion of fat that is digested leading to a much smaller (or nil) plasma cholesterol
response compared with the same amount of dairy fat consumed as butter (see review of Thorning
et al., 2017). This suggests that the benefit from reducing the SFA content of cheese may be much
less than compositional evidence would suggest.
The higher concentrations of CLA and TVA seen in milk (and sometimes in meat) from
grass fed animals are also often assumed to mean increased ‘healthiness’. There are indeed a good
number of papers which report anti-cancer effects for CLA and TVA but the majority of studies
are in cancer cell lines or rodent models using chemically induced tumours with doses of
CLA/TVA much greater than would be experienced by body cells if grassland- produced milk was
regularly consumed. There have been few human studies published and these are mainly from
case-control trials which do not produce high-level evidence. There are also contradictory results,
for example the study of Voorrips et al. (2002) with a Dutch cohort finding no evidence of a
protective effect of CLA on breast cancer incidence in postmenopausal women, contrary to the
indications from animal studies.
There have been other, mostly small animal studies, looking at the effect of dietary CLA
on atherosclerosis. Interestingly, a human prospective study has examined the association between
c9, t11-CLA in adipose tissue and the risk of myocardial infarction (Smit et al., 2010). It showed
that adipose tissue CLA concentration was associated with a reduced risk of non-fatal myocardial
infarction (for highest quintile, odds ratio 0.51, 95% confidence interval 0.36-0.71; P<0.0001).
This study does not of course demonstrate causality and there were other differences in adipose
tissue fatty acid composition including other trans fatty acids which may represent residual
confounding, but it does add to the evidence indicating that ruminant (natural) trans fatty acids do
not increase the risk of CVD which industrial trans fats definitely do.

Micronutrient related issues
There is increasing concern about the low intake and status in young females of key micronutrients
including iron, zinc, calcium, magnesium, iodine and selenium. The latest UK National Diet and
Nutrition Survey indicates that many females aged 11-18 years consume less than the lower
reference nutrient intake for calcium (22%) and iodine (27%), two micronutrients for which
milk/dairy are the major dietary source. Reduced milk consumption in this age group (and in early
adulthood) seems to be the main cause. There are now several studies showing sub-optimal iodine
status of women during pregnancy and an association between this and poorer cognitive
development of their offspring. Key aspects of this have been recently reviewed (Givens, 2018)
but an important finding is that milk from organic dairy systems has been shown to be consistently
lower in iodine concentration than milk conventionally produced (Payling et al., 2015; Stevenson et
al., 2018). Since the main determinant of iodine concentration in milk is the iodine intake of the
cow, the lower concentrations of iodine in organic milk are likely to be due to dairy cow diets
relying more heavily on forages than for conventional milk. It therefore follows that milk
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produced by non-organic but grazing intensive systems will have lower iodine concentrations than
‘normal’ milk. This is in accord with good evidence that milk produced in the summer has lower
iodine concentration in the summer than in the winter (Figure 1).

Figure 1. Effect of UK retail milk type and season on milk iodine concentration (from Stevenson
et al., 2018).
Conclusions
Consumption of conventional milk and dairy products are not associated with increased risk of
obesity, CVD and type 2 diabetes, indeed the evidence broadly points in the opposite direction.
The data currently available do clearly show that milk from grass-fed animals has a lipid
composition intuitively more ‘healthy’ than that from non-grass fed animals but the changes are
small and in a whole diet context are unlikely to have an impact on risk of chronic diseases at
current consumption levels. Other fatty acid-related factors in milk/dairy foods from grass-fed
animals such as CLA may have health benefits but research is at a relatively early stage. The lower
iodine and possibly other micronutrient content of milk from forage intensive systems is a concern
but should be linked to a campaign to increase milk consumption, particularly by young women.
Perhaps the public perception of improved environmental and animal welfare issues associated
with grazing can be used to encourage increased consumption. That would solve a number of
problems.
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Impact of pasture feeding on the sensory aspects of milk and products
K.N. Kilcawley
Teagasc, Food Quality and Sensory Department, Food Research Centre, Moorepark, Fermoy, Co. Cork P61
C996
Keywords: Volatiles, pasture, milk, skim milk powder, sensory
Abstract
The impact of diet on the sensory properties of bovine milk and dairy products is complex due to
the wide range of on farm and production factors that are potentially involved. It is well
established that pasture impacts on the colour of milk and dairy products due to β-carotene
content, and that nutritional and potentially textural properties are altered due to dietary factors
influencing fat synthesis. Very little research has been undertaken on aromatic volatile
compounds derived from diet that may impact on sensory perception. It is obvious that any
potential impact depends upon their concentration and odour activity. In this study we found
evidence of direct transfer (digestion/absorption or inhalation), and indirect transfer (rumen
metabolism) or secondary mechanisms (lipid oxidation, Maillard reactions, de novo systhesis) for
volatile incorporation into bovine milk. We found three volatile compounds present at higher
levels in milk derived from pasture; toluene, dimethyl sulfone and p-cresol. Only p-cresol
impacted on flavour, which has a ‘barnyard’ or ‘cowy’ attribute and is derived from the rumen
metabolism of -carotene and aromatic acids which are higher in pasture diets, but also from the
rumen metabolism of isoflavones present in clover. We also found that consumers perception of
this ‘barnyard’ ‘cowy’ attribute varied considerably between the USA, China and Ireland, with
USA consumers been the most indisposed.
Introduction
The impact of different forage types on the sensory properties of milk and milk products is
complex due to the potential wide range of on farm and production factors involved (Kilcawley et
al., 2018). However, the main effect of pasture diets on the sensory properties of bovine milk and
dairy products are well established; increased yellow intensity correlated to β-carotene content,
and modification of fatty acid content increasing health promoting properties (conjugated linoleic
acid) (Martin et al., 2005; Coppa et al., 2015; O’Callaghan et al., 2016a) and influencing textural
perception of milk, dairy powders, and cheese (Agabriel et al., 2004; Cheng et al., 2018; Coppa et
al., 2015; Faulkner et al., 2018). However, to date very little research has been undertaken on the
direct transfer of aromatic volatile compounds from the diet into milk or their indirect transfer
resulting from the metabolism of dietary components in the rumen.
We have focussed our research on aroma because the contribution of aromatic compounds is
greater than tastants (~4:1) in flavour perception. Potentially thousands of compounds contribute
to aroma but only a small number contribute to taste (sweet, sour, bitter, salty and umami). We
investigated the impact of three distinct diets (perennial ryegrass; perennial ryegrass/white clover
and total mixed ration) on the volatile profiles of milk and selected dairy products produced from
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the milk. Our aims were to find specific dietary related volatiles that could be used as potential
biomarkers for authentication purposes, but also to determine if any influenced sensory
perception. We also investigated if any cross cultural sensory perception differences exist in these
products (initial work was on skim milk powder) and if so could we correlate with aromatic
compounds associated with diet.
Materials and Methods
The grass (GRS) and grass clover (CLV) samples were collected from random grazed areas.
Representative total mixed ration (TMR) samples were taken from a bulk supply. Samples were
taken at three time points over a season (early, mid and late lactation). Fifty four spring calving
Friesian cows were allocated to three groups (n=18) on the basis of calving date on the Teagasc
Moorepark Dairy Farm (Fermoy Co. Cork, Ireland). Three feeding systems were compared over
a full lactation; Group 1 was housed indoors and fed TMR, Group 2 was maintained outdoors on
perennial ryegrass only (GRS), while Group 3 was also maintained outdoors on a perennial
ryegrass/white clover pasture (CLV). In order to obtain a representative sample of milk, the cows
in each of the three feeding systems were milked separately into distinct 5000 L insulated tanks.
The evening milk was stored at 4°C overnight, to which the morning milk was added and agitated
prior to collection. Bulk milk samples were collected post-morning milking and stored at 4°C
prior to analysis. Each milk sample was homogenized using two stage homogenization 50-150
bar. The milk was pasteurized using a Microthermics® unit heated to 72°C and held for 15 s then
cooled to 4°C. Each milk sample was transferred at 4°C to the sterile product outlet and
aseptically packed into sterile 1 L glass bottles.
Microbial analyses, β-carotene analyses, milk colour analyses, volatile analyses, sensory evaluation
and statistical analysis were all carried out as described in Faulkner et al. (2018). Isoflavones in
feed and milk were determined by LCMSMS for feed (Steinshamn et al., 2008) and for milk
(Antignac et al., 2004).
Skim milk from each feeding trial was pasteurized using a heat exchanger heated to 72 C for 20 s
and subsequently cooled to 4°C and stored. Evaporation was performed on a single effect pilot
scale falling film evaporator. The milk was preheated to 50°C upon introduction to the
evaporator. The calandria temperature was 71°C with a vacuum of 74.5 kPa. The condensed milk
exiting the evaporator was 50% solids and at a temperature of 60°C. The condensed milk was
then homogenized (model NS2006H, GEA Niro Soavi, Parma, Italy) at 60°C, and then spray
dried with a pilot scale spray dryer (model Lab 1, Anhydro Inc., Soeberg, Denmark) using a 2fluid nozzle operated at 172 kPa, with an inlet temperature of 200°C and an outlet temperature of
95°C. For sensory analysis the SMP was reconstituted to 10% solids non-fat prior to analysis with
odour-free deionized water according to International Dairy Federation Method 99C (IDF, 2009)
and dispensed into 200 ml styrofoam tumblers with 3 digit codes and served at 4°C for consumer
testing. The SMP samples were analysed by three distinct consumer panels having similar
characteristics in terms of gender, occupation and age (18-30 years) in Ireland and China and the
USA. Over 300 participants were recruited. Inclusion criteria for participants were availability,
good health, interest to participate on all days and that they were non-rejecters of milk. Sensory
acceptance testing was conducted using untrained assessors. Each milk type was served as a
discrete test. Three milks were served in a randomized balanced order with a 1 min rest between
each sample. There was a 3 min rest between milk types. Assessors used the sensory hedonic
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descriptors provided to them for the three different SMP samples (TMR, GRS, and CLV)
presented in triplicate. The assessors were asked to assess, on a continuous line scale from 1 to 10
cm, the following attributes: liking of appearance, liking of flavour, liking of texture, liking of
colour and overall acceptability (hedonic) (Stone et al., 2012).
Descriptive sensory analysis of SMP preparations were conducted by a trained panel in the USA
under controlled conditions. Overhead lights were switched off to prevent light-induced offflavour formation. Liquids were dispensed into lidded soufflé cups with 3-digit codes and
tempered for 1 h at 21 C prior to serving. Products were evaluated in duplicate by 7 trained
panellists, each with more than 120 h of experience in the descriptive analysis of foods and
flavours using the SpectrumTM descriptive analysis method and an established sensory language
for milk powders (Drake et al., 2003; Caudle et al., 2005; Lloyd et al., 2009). In separate sessions,
panellists evaluated coded samples in duplicate according to appropriate sensory practices. For
analysis, each panellist evaluated the aroma of the sample and then tasted each sample. Samples
were expectorated and deionized water was used for palate cleansing. Ranked Descriptive
Sensory Analysis was undertaken in Ireland and China. Ten assessors were recruited in China and
Ireland and participated in ranking descriptive analysis (Richter et al., 2010) using the consensus
list of sensory descriptors including ‘sweet’, ‘creamy’, ‘cooked flavour’, ‘oxidised flavour’,
‘viscosity’, ‘sour’, ‘salty’, ‘carmelised’, ‘painty flavour’, ‘grassy’, ‘off-flavour’, ‘astringency’, which
was also measured on a 10 cm line scale with the term ‘none’ used as the anchor point for the 0
cm end of the scale to ‘extreme’ for the 10 cm end of the scale. All samples were prepared as for
consumer analysis in duplicate.
Results and Discussion
Twenty two volatiles were present in each feed sample and were also present in each raw milk
sample, indicating potential direct transfer via inhalation or absorption during digestion. Only six
of forty volatile compounds detected in the raw milk samples were statistically (P<0.001)
different based on diet (acetic acid, hexanal, 2-butanone, 1-pentanol, dimethyl sulfone and
toluene). These volatiles were derived from different potential sources; directly from the feed
(acetic acid, 2-butanone), LO (hexanal, 1-pentanol), rumen metabolism of β-carotene (toluene),
rumen metabolism of amino acids (dimethyl sulfone, acetic acid), or rumen metabolism of
carbohydrate (acetic acid, 2-butanone). Some compounds present in the raw milk were not
present in their corresponding pasteurized milk samples, suggesting losses or changes due to
heat-treatment. Other compounds present in pasteurized milks but absent in the raw milks are
likely heat derived. Some volatiles (butanoic acid, pentanal, hydroxy-2(5)H-furanone, 2furanmethanol, 1-phenylethanol, 1-hexadecanol, 1-octadecanol and p-cresol) in pasteurized milks
were statistically different based on diet. The potential sources of these compounds maybe direct
transfer (butanoic acid), de nova synthesis (butanoic acid), Maillard reactions (hydroxy-2(5)Hfuranone, 2-furanmethanol), LO (hydroxy-2(5)H-furanone, 2-furanmethanol, pentanal, 1hexadecanol, 1-octadecanol), amino acid metabolism (1-phenylethanol, p-cresol), β-carotene
metabolism (p-cresol), and or metabolism of isoflavones (p-cresol).
We found little or no evidence of terpenes which are volatile compounds derived from plants in
milk influenced by diet, despite previous research identifying terpenes as potential biomarkers for
cheeses produced from pasture derived milk (Bugaud et al., 2001; Coppa et al., 2011). The
diversity of forage is key to these findings; terepenes will be more abundant in wild unseeded
forage than in seeded monocultures as used in our study, also as they have high odour thresholds
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and therefore need to be present at high concentrations to influence sensory perception
(Kilcawley et al., 2018).
Irish assessors always preferred pasteurized GRS milk, and least preferred TMR milk. ‘Viscosity’,
‘colour’ and ‘barnyard aroma’ were significantly (P<0.05) different based on diet as determined
by ranked descriptive analysis. ‘Viscosity’ is likely associated with differences in the fatty acid
content of the milks and ‘colour’ perception with β-carotene content. The only significant volatile
correlating with sensory analysis was ‘barnyard aroma’ with p-cresol content (Faulkner et al.,
2018). The main source of p-cresol is the metabolism of β-carotene in the rumen, but it is also
derived from the metabolism of aromatic amino acids which are higher in GRS and CLV diets
than TMR diets. Highest levels of p-cresol and ‘barnyard’ aroma were found in milk produced
from CLV (CLV>GRS>TMR) (Figure 1). We recently identified another potential pathway for
p-cresol production via the metabolism of isoflavones which are present in clover. We have
subsequently identified four isoflavones in clover which are likely to contribute to increased levels
of p-cresol (unpublished).
We also identified toluene (metabolism of -carotene) and dimethyl sulfone (metabolism of the
amino acid methionine) at significantly higher concentrations in pasture derived milk, and
therefore these may be potential biomarkers for pasture derived dairy products.
We also investigated the cross cultural sensory perception of SMP produced from these three
diets (GRS, CLV & TMR) using sensory panels in Ireland, China and the USA. Nine of the
twenty six aromatic volatiles identified in the SMP were statistically different based on diet, with
acetoin having the greatest impact on the overall differentiation between the samples. Acetoin is
derived mainly from carbohydrate metabolism in the rumen and was present in significantly
higher concentrations in SMP from TMR, due to the higher carbohydrate content of this diet.
We also identified other volatiles linked to LO and protein/carbohydrate metabolism that
differed based on diet in these SMP samples. These results correlated with other work we have
published on milk (Faulkner et al., 2018), cheese (O’Callaghan et al., 2017) and butter
(O’Callaghan et al., 2016b) and it is noteworthy that differences in volatile profiles in milk due to
diet can carry over into spray dried dairy products.
Chinese consumers had different perceptions of the SMP samples compared to the Irish and
USA consumers. Chinese consumers consistently scored higher for ‘aftertaste intensity’ and
‘aftertaste liking’ and lower for ‘mouthfeel/thickness liking’. USA consumers preferred the SMP
from TMR presumably due to familiarity with TMR derived dairy products. Irish consumers least
preferred SMP from TMR, again likely related to a lack of familiarity with TMR derived dairy
products. Both Irish and USA consumers had similar perceptions for SMP from GRS and CLV
apart from ‘appearance liking’ and to a lesser degree ‘aftertaste intensity’ and
‘mouthfeel/thickness liking’. Ranked descriptive analysis was also undertaken in Ireland and
China. Both sets of consumers could distinguish SMP from TMR diets and SMP from GRS and
CLV diets, but not distinguish SMP samples from GRS or CLV. Spectrum descriptive analysis
was performed by a trained panel in the USA and they perceived a ‘barny’ attribute only with the
SMP derived from GRS and CLV. This result is very interesting and appears to be linked to
phenolic volatiles, such as p-cresol been present at higher levels in pasture derived dairy products.
However, we have yet to confirm the presence of p-cresol or other phenolic compounds in any
of the SMP samples but are currently evaluating other extraction/concentration techniques; pre
gas chromatography mass spectrometry analysis. It appears that USA consumers have a low
perception threshold for ‘barny’ flavour in comparison to Irish consumers due to a lack of
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exposure. This USA panel also found SMP from TMR scored higher (p<0.05) for ‘sweet
aromatic’ and lowest for ‘grassy/hay’ attributes. They also found that the SMP from CLV and
GRS scored statistically higher (P<0.05) for ‘grassy/hay’ (highest in CLV samples) and that the
SMP from GRS sample scored statistically highest (P<0.05) for ‘salty taste’. These assessors also
found a cardboard attribute in the SMP sample from CLV that was not present in either the SMP
samples from GRS or TMR.
Conclusion
Bovine diet impacts the volatile profile of milk with evidence for direct and indirect transfer.
Direct transfer is more likely to occur via digestion/absorption, rather than inhalation but it may
be a factor. Those volatiles that differed based on diet, were from a range of potential sources;
directly from the feed, LO, and rumen metabolism of β-carotene, amino acids, or carbohydrates.
Pasteurization alters the volatile profile of milk as some compounds disappear while others are
created. Some volatile products of LO were evident and correspond to specific fatty acids in the
milk as influenced by forage, but these did not influence the sensory perception of the milk. Most
differences in volatiles in milk from the different diets were related to products of β-carotene,
protein or carbohydrate metabolism. β-carotene directly influenced perceived milk “colour”, and
fatty acid profile likely influenced the texture perception of milk. The metabolism of β-carotene
influenced both the ‘toluene’ and ‘p-cresol’ content of milk, both of which in addition to
dimethyl sulfone (amino acid metabolism) may be potential biomarkers for pasture fed milk and
dairy products. The only volatile compound that correlated with sensory perception changes due
to diet in pasteurised milk was p-cresol. P-cresol is a phenolic compound that has a ‘barnyard’ (or
‘cowy’) aroma and is very odour active. It is derived from the metabolism of β-carotene and
aromatic amino acids in the rumen and is therefore higher in pasture derived milk, due to
increased levels of β-carotene and protein in comparison to TMR diets. Highest levels of p-cresol
were found in in pasture diets incorporating clover, which appears to be due to the metabolism
of isoflavones derived from clover in the rumen. In addition the sensory perception of ‘barnyard’
or ‘cowy’ attributes (p-cresol) appears to have a cultural dimension correlated to consumer’s
familiarity/exposure dairy products derived from pasture or non-pasture milk based production
systems.

Figure 1. 3D plot of p-cresol in milk in TMR vrs CLV as determined by sorptive extraction gas
chromatography time-of-flight mass spectrometry.
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Figure 3 - Spectrum Descriptive Analysis

Introduction
Understanding potential cross-cultural sensory differences of Irish dairy
products is vital to increase market share, especially in key target areas such
as China and the USA. The objectives of this study were to investigate if the
volatile aromatic properties of skim milk powder (SMP) were influenced by
bovine diet (ryegrass [GRS], ryegrass/white clover [CLV], and trial mixed
rations [TMR]) and if consumers and sensory panelists in the USA, China and
Ireland could discern any difference. Consumer testing was undertaken in
Ireland (n=78), USA (n-100) and China (n=106) using hedonic terms provided
in triplicate. Ranking descriptive analysis (RDA) was undertaken in Ireland
and China using untrained panellists (n=20), and Spectrum descriptive
analysis was performed using trained panellists (n=8) in USA. The volatile
profiles of SMP were also determined using headspace solid phase microextraction (HS-SPME) gas chromatography mass spectrometry (GC-MS).
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bb
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Figure 3. Spectrum Descriptive
Analysis of SMP derived from GRS,
CLV & TMR by trained USA panellists.
Assessors
found
significant
differences for some specific
attributes between these SMP
samples based on diet. Both the CLV
and GRS SMP samples had a Barny
aftertaste that was absent in the
TMR samples. The GRS and CLV SMP
samples
scored
highest
for
grassy/hay and the GRS SMP also
scored highest for Salty taste. The
CLV SMP sample had a cardboard
attribute that was not perceived in
the GRS and TMR SMP samples. The
TMR SMP sample scored highest for
sweet aromatic.

Figure 4 - Volatile Analysis HS-SPME GCMS
Figure 4. Hierarchical clustering analysis (Heatmap) of
volatile compounds derived from SMP produced from
different diet treatments (GRS, CLV & TMR) using ANOVA
with post hoc Turkey test statistical treatment. 26 volatile
compounds were identified. It is apparent from the
heatmap that diet influenced the abundance of these
volatiles. Highest amounts of acetoin, 1-hydroxy-2propanone, benzaldehyde, 2-pentyl furan, nonanal and
decanal were present in the TMR sample, while highest
levels of acetone, 2-undecanone, ethanol, toluene,
heptanal, dimethyl sulfone & pentanal were present in
the CLV sample. The GRS sample has the most abundant
levels of 1-butanol, 1-pentanol, benzyl alcohol, -pinene,
hexanal & -caprolactone.

Methods
Sensory Analysis
Consumer Testing
Ranking Descriptive Analysis
Spectrum Descriptive Analysis

Volatile Analysis
GC-MS (HS-SPME method)

Statistical Analysis
PLSR-ANOVA
PLS-DA

Figure 5 - Variable Importance in
Projection (VIP) Plot

Figure 6 - Partial Least Squares
Discrimination Analysis (PLS-DA) Plot

Figure 5. Variable Importance in Projection (VIP)
plot shows the most significant volatiles
responsible for the differentiation between the
SMP samples. Acetoin (3-hydroxy butanone) was
identified as the main discriminatory volatile
between the SMP samples, with highest levels in
the TMR SMP sample. Acetoin is a product of
carbohydrate metabolism.

Figure 6. PLS-DA plot showing clustering of SMP samples
maximizes the covariance to explain the separation of
the PLS-DA scores between diets based on volatile
compounds (CLV, GRS & TMR). Its evident from this plot
that the TMR SMP sample is more distinct from the GRS
and CLV SMP samples.

Results
Figure 1 – Consumer Testing
Figure 1a

Figure 1b

Figure 1a. Acceptance scores for SMP from GRS.
Figure 1b. Acceptance scores for SMP from CLV.
Figure 1c. Acceptance scores for SMP from TMR.
Chinese consumers scored all SMP samples higher
for aftertaste Intensity, aftertaste liking and lower for
mouthfeel/thickness liking. USA consumers scored
appearance liking highest for all SMP samples and
scored highest for flavour liking, creaminess liking,
overall liking and mouthfeel/thickness liking highest
in the TMR SMP sample. Irish consumers scored the
TMR SMP sample lowest for creaminess liking, flavour
liking, overall liking, aftertaste liking and creaminess
liking.

Figure 1c

Figure 2 - Ranking Descriptive Analysis
Figure 2. ANOVA-Partial Least Squares
regression
(APLSR)
of
ranked
descriptive analysis for different SMP
diet treatments (GRS, CLV & TMR) for
Chinese and Irish untrained panellists.
The X-matrix was the design, cultural
consumer groups X treatment. The Y –
matrix was the sensory variables.
Chinese and Irish untrained panellists
discerned that the sensory character of
SMP from TMR was different to SMP
from GRS and CLV. However, even
though both Chinese and Irish
untrained panellists described the
sensory character of SMP from GRS and
CLV differently on a cultural basis, they
could not discern much of a sensory
difference between both SMP samples.

Grass Fed Dairy Conference 2018

Conclusion
Volatile Aromatic Analysis (HS-GCMS)
The SMP samples could be discriminated based on their volatile profile, 26
volatile compounds were identified with 10 statistically different based on diet.
Acetoin (3-hydroxy butanone) derived from carbohydrate metabolism was the
most discriminating volatile compound.
Hedonic Acceptance Analysis (consumers)
USA consumers preferred SMP derived from TMR, and Irish consumers preferred
SMP from either GRS or CLV. Chinese consumers perceived SMP samples
differently to USA and Irish consumers, but preference was not influenced by
diet (GRS, CLV or TMR).
Ranked Descriptive Analysis (untrained panellists)
Both Irish and Chinese untrained assessors found it difficult to discern
differences between SMP produced from either GRS or CLV, but could
differentiate SMP produced from TMR.
Spectrum Descriptive Analysis (trained panellists)
Trained USA panelists found significant differences in barny aftertaste,
grassy/hay, salty taste, cardboard and sweet aromatic attributes between the
samples.
Cultural differences in the perception of Irish SMP exist between Ireland, USA and China.
Bovine diet impacts indirectly (rumen metabolism & lipid oxidation) and directly
(absorption & lipid oxidation) impacts the volatile profile and sensory perception of SMP.
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Results:
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Dispersion

Fig. 1. Yellow/blue values for WMP and 15%
(w/w, total solids) WMP dispersions.

CIE L*a*b* colour measurements of 15% (w/w) WMP
dispersions were made using a Konica Minolta CR-400
Chroma Meter (Konica Minolta, Chiyoda, Tokyo, Japan).
Heat coagulation time of reconstituted WMP was determined
using an Elbanton oil bath (Hettich Benelux
Laboratory
Equipment, Geldermalsen, Netherlands) at 140˚C over the
following pH range; 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 7.0, 7.1,
7.2.

Volume density (%)

β-Lg

13
Retention time (min)

β-Lg

4

Grass
Grass Clover

3
2
1
0
0.01

0.1

1

10
100
Size classes (μm)

1000

25

25.7

0.37

TMR

30.3

25.5

0.29

No significant differences in total
protein, total fat or protein profile
observed between the samples.
Non-protein nitrogen values
significantly higher in CLV sample
than in TMR sample.
Type B HCT-pH profile
observed in all samples.
Highest overall heat
coagulation time
observed in CLV
sample - significantly
higher than TMR
sample – may be due to
significantly higher
non-protein nitrogen
(urea) due to dietary
white clover inclusion.
WPNI values of all
WMPs in medium heat
range (˃1.5 - <6.0).

Grass
Grass Clover

20
15
10
5
0

10000

6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7 7.1 7.2 7.3 7.4
pH

Fig. 3. Heat coagulation times of rehydrated (1.5%
protein, w/w) WMP heated at 140°C.

Yoghurt gelation
100

Table 2. Gelation variables for yoghurt gels produced from
WMP dispersions standardised at 4%, w/w, true protein,
inoculated with 0.2 g mesophilic yoghurt starter culture.

min

Pa

min

GRS
CLV

min
437
434

4.79
4.76

438
428

88.7
88.5

499
495

TMR

436

4.79

440

41.2

473

90

Peak elastic modulus recorded in GRS
sample (88.7 Pa at 499 min), followed by
CLV (88.5 Pa at 495 min).
Significantly lower elastic modulus
exhibited by TMR sample (41.2 Pa at 473
min).
No significant difference in the point of
onset of gelation or point at which elastic
modulus exceeded viscous modulus was
observed between the samples.

Time at pH at
Time at
Final Gʹ Time at
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Sample = 1 Pa
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GRS 4% protein
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Fig. 5. Elastic (Gʹ) moduli of WMP dispersions standardised
at 4% ,w/w, true protein, acidified to pH 4.6 with 0.2 g
mesophilic yoghurt starter culture at 30°C.

Texture profile analysis
Table 3. Average peak firmness, consistency, cohesiveness and
index of viscosity values for yoghurts produced from 15% (w/w,
total solids) WMP dispersions inoculated with 0.2 g mesophilic
yoghurt starter culture.

250

Firmness

Sample

150

TMR

Force (g)

GRS
CLV
TMR

Grass

100

Grass Clover
Consistency

50

0
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10
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Index of viscosity

50

60

Firmness
(g)

Consistency
(gs-1)

Cohesiveness
(g)

Index of
viscosity
(gs-1)

175
192.8
130.7

4089
4218
3095

-60.9
-57.3
-40.4

-939.5
-877.7
-643.8

Higher firmness and consistency exhibited by CLV.
Higher cohesiveness and index of viscosity exhibited
by GRS.
Lower values observed for TMR in all texture
profile components.

-50
Cohesiveness

-100

Texture profile analysis (TPA) of yogurt samples was carried
out using a 30 mm flat disk backward extrusion rig
on
a
Texture Expert Exceed system (Stable Micro Systems,
Godalming, UK). Sample firmness, consistency, cohesiveness
and index of viscosity was determined for each yoghurt.

30.7

TMR

Fig. 3. Particle size distributions for WMP dispersed
at 15% (w/w, total solids).

200

AR2000ex Rheometer

0.32

CLV

Heat coagulation time

Malvern Mastersizer

Yoghurt rheology:
WMP dispersions were acidified to pH 4.6 using 0.2 g of
mesophilic yoghurt starter culture at an incubation temperature
of 30˚C. Elastic modulus (Gʹ), viscous modulus (Gʺ) and
complex viscosity (ɳ*) of a 17 g sample of each gel were
determined by low amplitude oscillatory measurements carried
out using an AR2000ex rheometer (TA Instruments, Crawley,
UK) equipped with concentric cylinder geometry.

Non-protein
nitrogen (%)

25.8

18

Whey Protein Nitrogen Index (WPNI) was determined using
the GEA Niro method No. A 21 a.
Particle size distribution of reconstituted WMP was determined
by static light scattering using a medium laser light diffraction
unit (Hydro MV, Mastersizer, Malvern Instruments Ltd,
Worcestershire, UK).

Total fat
(%)

31.5

30

No significant
difference in volume
mean diameter
(D[4,3]) observed
between the samples.
TMR D90 values
significantly lower
than GRS and CLV –
lower abundance of
large fat globules.

TMR

Protein profile of each WMP was determined using the
Reversed-Phase High Performance Liquid Chromatography
(RP-HPLC) method as described by Mounsey & O’Kennedy
(2009) using an Agilent 300SB Poroshell column (Agilent
Technologies, Santa Clara, California, USA).

8

6
5

Powder properties:
Total nitrogen content of each WMP was determined using the
Kjeldahl method (ISO 8968-1, 2001). Fat content of each WMP
was determined using the Röse-Gottlieb gravimetric method
(International Dairy Federation, 1996).

3

α-La

Total protein
(%)
GRS

Fig. 2. HPLC chromatograms of bovine milk proteins
from WMP dispersions.

Particle size distribution

Methodology:
Bovine diet:
Eighteen cows were randomly assigned to each feeding system for
an entire lactation. Raw milk was obtained from each group and
standardised, evaporated, homogenised and spray dried to yield
WMP.

αs2-CN

κ-CN

Grass
Grass Clover
TMR

β-CN

Gʹ (Pa)

Objective:
To determine the influence of bovine diets based on perennial
ryegrass (GRS), perennial ryegrass-white clover sward (CLV)
and indoor total mixed ration (TMR) on the composition and
functional properties of WMP produced from the milk of each
group of cows, with particular focus on yoghurt functionality.

Table 1. Total protein, fat and NPN content of WMP.
αs1-CN

Heat coagulation time (min)

In yoghurt manufacture, physical parameters such as gel
strength and viscosity are of high importance in determining the
behaviour of the final product. Gelation can be influenced by
various factors, such as milk fat and protein (particularly
casein) content, mineral composition, homogenisation pressure,
heat treatment and type of starter culture.

20

16

HPLC

Significantly
higher b* value
(yellow colour)
exhibited by GRS
than CLV and
TMR in both
powder and
dispersion.
Yellow colour
indicative of
increased βcarotene content –
precursor
compound to fatsoluble vitamin A.

Colour

Absorbance (AU), 214 nm

Whole milk powder (WMP) is a high-value dairy commodity
which is widely used in a number of product formulations, such
as chocolate and yoghurt manufacture. Variations in cow’s raw
milk composition can lead to differences in WMP functionality.

b*

Introduction:

Time (s)

Fig. 6. Texture profile for back extrusion of yoghurts produced from 15% (w/w)
total solids WMP dispersions inoculated with 0.2 g mesophilic yoghurt starter
culture.

Yoghurts standardised for true protein: Variations
in yoghurt gel strength and texture profile may be
attributable to variations in the composition and
structure of their fat components, possibly the
relative abundance of long-chain fatty acid residues.

Temperature comparison
Texture profile of yoghurts
tested at 4°C and 30°C.
Approximately 30% decrease in
firmness and consistency in all
samples at 30°C. Approximately
50% decrease in cohesiveness
and index of viscosity in all
samples at 30°C.
Textural variations between
diets not attributable to
variation in fatty acid
melting points.

Discussion and conclusions:
GRS sample exhibited the highest red and yellow colour values. This may be attributed to a greater β-carotene content in this sample.
Variations in heat coagulation time between samples may be influenced by increased non-protein nitrogen content (Table 1) and variations in fat particle size
(fig. 3).
Higher gel strength was observed in yoghurt gels produced from GRS and CLV than from TMR. Higher gel firmness, consistency, cohesiveness and index of
viscosity was observed in both GRS and particularly CLV–derived yoghurts, relative to the TMR sample. Variations in gel strength, viscosity and textural
firmness may be due to increased levels of long-chain fatty acids in pasture-derived samples.

Stable Micro Systems Texture analyser

Overall, this study suggests that:
1. Bovine dietary factors influence raw milk composition and WMP functionality.
2. WMP produced from grass and grass-clover diets provided higher heat stability and a more favourable yoghurt functionality to that from a TMR based diet.
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Results:
Vitamin concentration by diet

Vitamin concentration by product type
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Significant effect

Vitamin
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✓
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✓
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✓

B3-amide
B7

✓
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✓
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Acid whey

25.00
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Objective:
This study was carried out to determine the influence of
variations in (1). bovine diet and (2). protein ingredient
production method on the metabolome and vitamin
composition of skim milk powder (SMP) and protein
ingredients produced from the milk of cows fed on pasture or
concentrate-based diets.

35.00

Table 1: Vitamins exhibiting significant
differences between diet, product type or both.

20

Concentration (μM)

Skim milk powder (SMP) and whey typically form the basis of
various dairy product formulations, particularly in infant milk
formula manufacture. Recent consumer interest has increasingly
been focused on dairy products derived from a healthier, more
natural origin. As such, the vitamin profile of various protein
ingredients are important considerations in the manufacture of
dairy products which aim to meet this demand.
The relative abundance of higher molecular weight metabolites
may also provide an insight into verification methods for milk
from different diets.

B7

B1

B2

a
B3

B3-amide

B5

B6

B7

Water-soluble vitamin

Water-soluble vitamin
0.7

0.70

Methodology:

Significantly higher vitamin
B3 (niacin) and B3-amide
(niacinamide) in TMR sample
than CLV and GRS samples,
respectively.

Bovine diet:
Fifty-four cows were randomly assigned into three feeding systems
(n = 18), consisting of perennial ryegrass only (GRS), perennial
ryegrass/white clover sward (CLV) or indoor total mixed ration
(TMR) for an entire lactation. Each group was milked separately
and their milks segregated into individual bulk tanks. Raw milk
obtained from each group was processed at pilot scale to yield
SMP and further processed at laboratory scale to yield sweet whey,
native whey and acid whey.

GRS
CLV
TMR

0.5
0.4
0.3

b
a,b

0.2

a

0.1

b b
a

Significantly higher vitamin B2
in rennet whey than native whey
and acid whey.
Significantly higher vitamin B2
in SMP than each whey type.
Significantly higher vitamin B1
(thiamine) in both SMP and
rennet whey than native whey
and acid whey.
Significantly higher vitamin B3amide in native whey and acid
whey than rennet whey.

b

b

0.60

Concentration (μM)

0.6

Significantly higher vitamin
B2 (riboflavin) and B7
(biotin) in both GRS and CLV
samples than in TMR sample.

Concentration (μM)

Introduction:
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Water-soluble vitamin
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Fig 1: Average concentrations (μM) of water-soluble vitamins for perennial ryegrass (GRS),
perennial ryegrass/white clover (CLV) and total mixed ration (TMR) diets. Values within each
series cluster not sharing a common letter differed significantly.

B3
B6
Water-soluble vitamin

B7

Fig 2: Average concentrations (μM) of water-soluble vitamins from each product type. Values
within each series cluster not sharing a common letter differed significantly.

Metabolite analysis

SMP and whey production:
Skim milk powder was produced by centrifugal separation,
followed by pasteurisation at 72°C for 15 seconds, evaporation
to approx. 43% total solids (TS) and spray drying in a Tall-form
Anhydro three-stage spray dryer.

Table 2: Average metabolite concentrations (μM) for
perennial ryegrass (GRS), perennial ryegrass/white clover
(CLV) and total mixed ration (TMR) diets.
Average by diet
Metabolite (μM)
GRS
Alanine
35.79a,b
Asparagine
1.77a,b
Betaine
79.05a,b
Carnosine
0.36a
Choline
1261.25b
Citrine
1.28a
Creatinine
112.35b
Glutamine
3.04a
Histidine
2.41a
Isoleucine
2.78a
Leucine
5.10a,b
Methylhistidine
1.25b
Ornithine
2.72a,b
Phenylalanine
1.46b
Phosphocreatine
7.12a
Proline
15.64a
Putrescine
0.06b
Serine
22.35c
Symmetric dimethylarginine
4.04b
Taurine
27.28a,b
Threonine
4.06b
Total dimethylarginine
4.15b
Tyrosine
0.33a,b
Valine
7.45a

Niro multiple-effect
evaporator

Rennet whey was produced by pasteurising raw whole milk at
72°C for 15 seconds, followed by the addition of chymosin
(0.272 mL L-1) in a jacketed cheese production vessel. The
whey was separated from the curd using cheese cloth and
clarified using a 0.1 μm Sartocon Slice polyethersulfone
cassette membrane (Sartorius AG, Göttigen, Germany) at 2.0
bar.
Acid whey was produced by the acidification of reconstituted
SMP (9.3 % TS) to pH 4.6 using 2 M HCl at 20°C. The whey
was separated from the precipitated casein curd using
cheesecloth and later clarified as above.

CLV
33.1a
1.12a
65.59a
0.36a
1085.88a,b
1.35a
99.3a,b
2.82a
2.44a
2.56a
4.32a
1.10a,b
2.27a
1.29a
5.46a
14.70a
0.06b
18.29b
3.08a
26.43a
3.03a
3.13a
0.28a
7.56a

TMR
40.95b
2.26b
83.94b
0.44b
945.75a
2.07b
90.08a
10.81b
3.18b
3.93b
7.47b
0.93a
3.26b
1.41a,b
15.11b
18.86b
0.03a
10.04a
2.98a
30.08b
3.69a,b
3.09a
0.43b
11.09b

Fig 3: Hierarchical clustering analysis of average SMP and
whey ingredient vitamins from cows fed perennial ryegrass
(GRS), perennial ryegrass/white clover (CLV) or total mixed
ration (TMR), determined by LC-MS. Degree of positive and
negative correlation between metabolite and diet is indicated by
+1 (red) to -1 (blue) , determined by LC-MS.

Table 3: Average metabolite concentrations (μM) for skim
milk powder, rennet whey, native whey and acid whey
ingredients.

Native whey was produced by filtration of reconstituted SMP
(9.3 % TS) through a 0.1 μm Sartocon Slice polyethersulfone
cassette membrane at 2.0 bar and collected from the permeate
stream.

Average by ingredient
Rennet
Metabolite (μM)
SMP
whey
Acetylornitine
0.81a
0.98a
alpha-Aminoadipic acid
6.57a
9.19a
Citrine
1.96b
1.78b
Dihydroxyphenylalanine 0.16a,b
0.19b
Glutamine
7.24b
2.86a
Leucine
3.78b
3.53b
Methionine
0.59a
1.17b
a
Methionine sulfoxide
0.15
0.38b
Phenylalanine
1.35a
1.56b
Phosphocreatine
10.20b
12.96b
Spermidine
0.81c
0.33a
Spermine
0.52c
0.06a
Threonine
4.43b
4.34b
Tryptophan
0.80b
0.79b
b
Tyrosine
0.41
0.40b

Cassette
membrane

Metabolomics and vitamin analysis:
Both metabolite and water-soluble vitamin analyses were carried
out at The Metabolomics Innovation Centre (University of Alberta,
Edmonton, Alberta, Canada) using a combination of direct
injection mass spectrometry (DI-MS) with a reversed-phase liquid
chromatography – mass spectrometry (LC-MS) assay. The assay
was performed on a 4000 QTrap® tandem mass spectrometry
instrument (Applied Biosystems/MDS Analytical Technologies,
Foster City, California, USA) equipped with an Agilent 1100 LC
system.

Native
whey
0.90a
6.52a
1.91b
0.17b
6.26b
3.59b
0.34a
0.28a,b
1.40a,b
9.89b
0.27a
0.07a
4.28b
0.70a,b
0.34b

Acid
whey
3.04b
30.87b
0.62a
0.14a
5.89b
11.62a
0.46a
0.25a,b
1.24a
3.85a
0.62b
0.26b
1.33a
0.53a
0.08a

Fig 4: Principal component analysis (PCA) score plot for
water -soluble vitamins in protein ingredients from cows
fed GRS, CLV or TMR, determined by LC-MS.

Fig 5: Hierarchical clustering analysis of average SMP and whey ingredient
metabolites from cows fed perennial ryegrass (GRS), perennial
ryegrass/white clover (CLV) or total mixed ration (TMR), determined by
LC-MS. Degree of positive and negative correlation between metabolite and
diet is indicated by +1 (red) to -1 (blue), determined by LC-MS.

Fig 6: Partial least square discriminant analysis (PLS-DA)
score plot for protein ingredient metabolome for cows fed
GRS, CLV or TMR, determined by LC-MS.

Significant effect of diet on the metabolome of skim and whey ingredients.
Each ingredient was also shown to be significantly different over a range of metabolites.
Clear separation between feeding systems - supports the applicability of LC/MS for metabolomics-based differentiation and verification of milk products.

Conclusions:
•

4000 QTrap

•

PCA and PLS-DA plots show similarities in distribution of skim and whey samples between GRS and CLV diets and a more pronounced separation between
both pasture-based diets and the TMR diet.
Hierarchical clustering “heatmaps” demonstrate strong correlation between particular metabolites / vitamins and feeding systems.

1. Significant differences in vitamin profile between ingredients and between diets.
2. Differences in metabolome between ingredients and diets – clear separation further supports previous studies on verification of/distinguishing between milk
from different diets.

Acknowledgements: This work was funded by the Teagasc Agriculture and Food Development Authority Walsh Fellowship scheme. LC-MS/MS analysis was carried out at
The Metabolomics Innovation Centre, University of Alberta, Edmonton, Alberta, Canada.
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Impact of different forage on the volatile and sensory properties of
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Introduction
Dairy products derived from cows grazing natural swards compared with those fed with preserved forages have added value among food producers and consumers because of their perceived healthiness and environmental acceptability.
Very little research has been undertaken on sensory aspects of milk as influenced by bovine diet. It has been suggested that the aroma of milk is determined by volatile compounds sometimes present at very low concentrations, some of
which are transferred from the feed by ingestion or inhalation, and others the result of the conversions of milk constituents by chemical (oxidative or thermal), microbial, and enzymatic reactions. The aim of this study was to investigate
the sensory quality and aromatic properties of bovine milk (raw and pasteurized) obtained from 3 groups of Friesian cows over a lactation season with each group fed a distinct feeding regimens: outdoors on a perennial ryegrass pasture,
outdoors on a perennial ryegrass/white clover pasture, and indoors on Total Mixed Ration (TMR).

Materials & Methods
•

Raw milk was collected from the Teagasc Moorepark dairy farm (Fermoy, Co. Cork, Ireland) from the 3 different spring-calving herds at 3 different time points of lactation (early, mid, and late).

•

Microbial analyses, β-carotene, colour, ranked descriptive sensory analysis (RDA) and hedonic analysis was undertaken on pasteurised milk samples at three separate time points over lactation.

•

Volatile analysis: Feed samples (Grass, Clover & TMR), raw and pasteurized milk using headspace solid phase micro-extraction (HS-SPME) gas chromatography mass spectrometry (GCMS) and sorptive extraction (SE) GCMS.

Results & Discussion

β-Carotene content

Table 1: β-Carotene
content (mg/kg)
Pasteurized (p) milks
[grass (G), grass/clover
(C), and TMR] over the
lactation season,
determined by 0ne-way
ANOVA.

Volatiles in Feed & Milk

Figure 3. Sorptive Extraction using GC x GC TOFMS showing the levels of p-cresol in milk derived from Grass vrs
TMR.
• Levels of p-cresol in the order of Clover>Grass>TMR

Sensory Analysis

a

a

a

a

a

a
a

a

c

b

a
b

b

c

b

Figure 1. Pie charts showing the average percentage of different volatile groups (esters, alcohols, ketones, aldehydes,
acids, alcohols, aldehydes, hydrocarbons (HC), furans and terpenes) identified within each pasteurized milk from
grass, grass/clover, and TMR over lactation.
• TMR feed contained 65 volatile compounds, with the grass having 34 and the grass/clover having 49 in total.
• 22 volatile compounds were identified both the feed and raw milk samples
• 12 volatiles present in each feed type and in each raw milk: Acids (acetic acid, butanoic acid & hexanoic acid),
Aldehydes (heptanal & nonanal), Ketones (acetone & 2-heptanone), Alcohols (1-pentanol & 1-octen-3-ol),Benzene
compounds (toluene, m-xylene & p-xylene).
Figure 4. Hedonic sensory analysis of pasteurized milk derived from different feeding systems of grass (G), grass/clover
(C), and TMR (p denotes pasteurized milk). The 3 milk samples were assessed by naïve Irish assessors (n = 25) familiar
with milk using blind replicates in a full balanced block design, where assessors evaluated all samples in duplicate.
Results expressed are averages of milk from early, mid, and late lactation; thus, 150 repetitions/sensory observations
were made for each product.. Columns with different letters (a–c) for each attribute are statistically different (P < 0.05).

Figure 2. Multivariate data analysis PLS plot of HS-SPME GCMS of raw (r) & pasteurized (p) milk samples from
different feeding systems
• 6 of the 40 volatile compounds detected in the raw milk were statistically (P < 0.001) different based on diet
(acetic acid, hexanal, 2-butanone, 1-pentanol, dimethyl sulfone, and toluene).
• Some compounds present in the raw milk were not present in their corresponding pasteurized milk samples.

Figure 5. Spider Diagram of Ranked Descriptive Analysis of pasteurized milk samples over lactation in triplicate (n=9)
• 3 Significant (P < 0.05) differences; “colour”, “barnyard aroma,” and “viscosity” based on diet.
• “Color” is correlated with β-carotene content and b value, which corresponds to yellow/blue attribute.
• “Viscosity is likely due to differences in polyunsaturated fat content
• “Barnyard Aroma” correlated with p-cresol content.

Conclusion
•
•
•
•
•
•
•
•

Evidence existed for the direct (absorption & inhalation) and indirect (chemical, microbial & enzymatic) transfer of volatiles from feed to milk.
Pasteurization altered the volatile profile of all milks, with losses of some compounds and the development or augmentation of others.
Irish sensory assessors always preferred pasteurized milk produced from grass-fed cows, and had the least preference for milk produced from cows fed Trial mixed rations.
β-Carotene directly influenced perceived milk colour with higher levels in milk derived from grass and grass/clover.
Differences in fatty content in milk due to diet likely influenced viscosity perception of milk.
The perception of “barnyard aroma” correlated with levels of p-cresol in the milk, which is a very aromatic compound phenolic compound derived from rumen metabolism of -carotene, aromatic amino acids and isoflavones.
No evidence of significant transfer of terpenes from fed to milk or any impact on sensory perception
p-cresol and toluene were identified as potential biomarkers for pasture-derived milk.
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Comparison of total mixed ration and pasture-based
diets on dairy cow milk and milk solids yield
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2School

Introduction
• Increasing the proportion of grazed pasture in the dairy cow diet reduces dependence on
purchased feed
• Dairy cow milk production in pasture-based dairy systems can be limited compared to total
mixed ration (TMR) diets due to low herbage dry matter (DM) intake (DMI)
• There has been increased interest in the use of white clover in pasture-based systems due to
increased feed value and the potential to reduce nitrogen (N) fertiliser inputs

Objective

Results
Average pre-grazing herbage mass and post grazing
sward height and cumulative milk yield and MS yield

To examine the effect of diet on dairy cow
milk and milk solids (MS) yield

•

All treatments – milk yield and milk solids
yield, feed quality

•

Grazing treatments – pre-grazing herbage
mass, pre- and post-grazing sward height,
sward clover content (CL100 and CL150)

Data analysed in SAS using Proc Mixed
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Materials and Methods

TMR

Average annual sward clover content was similar
(18.1%) for both grass-clover treatments

Conclusion
• Milk and milk solids yield greater on TMR compared to
the other three treatments
• Milk and milk solids yield similar on the three pasture
treatments
• Potential to reduce N input to 150 kg N/ha when clover
is included in the sward without reducing milk
production

The authors acknowledge the funding from the Irish Dairy Levy administered by Dairy Research
Ireland. M. A. Hurley is in receipt of a Teagasc Walsh Fellowship
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Introduction
• Feed quality is the single greatest determinant of milk production
• In grass-based systems the quality of the diet is variable and milk production per cow is often lower than
when feeding total mixed ration (TMR)
• White clover (Trifolium repens L.) can fix atmospheric N and make it available for plant growth

Materials & Methods

Objective

• Treatments
1. Grass-only sward receiving 250 kg N/ha - GO
2. Grass-clover sward receiving 250 kg N/ha - GC
3. Confinement treatment on TMR diet - TMR
• Grazing treatments stocked at 2.74 LU/ha
• 2 lactations – 2015 and 2016

To compare milk yield (MY and
milk solids (MS) yield from grassonly swards, grass-clover swards
and a TMR diet

• TMR treatment had significantly greater
(P < 0.05) daily MY and MS yield
compared with GC and GO treatments
(Table 1)
• GC treatment had significantly greater
(P < 0.01) MY and MS compared with
GO treatments, particularly from June
until the end of lactation (Figure 1)
• Clover inclusion in the diet increased
cumulative MY (+ 588 kg) and MS yield
(+ 41 kg) per cow compared with GO
• No significant difference in herbage
production between GO (13.84 t DM/ha)
and GC (13.95 t DM/ha) treatments
• Average annual GC sward clover
content was 24%

Milk solids yield
(kg/cow/day)

Results

2.6
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2
1.8
1.6
1.4
1.2
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7 10 13 16 19 22 25 28 31 34 37 40 43
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Figure 1. Daily MS yield from cows GO swards, cows GC swards
and cows fed TMR indoors over two lactations.

Table 1. Daily and cumulative milk and MS yield from cows GO swards, cows GC swards and cows fed TMR
indoors over two lactations.
Treatments with the same letter in a row are not significantly different to each other; 1SEM=Standard Error of the Mean; 2TRT=Treatment

Milk yield (kg/cow/day)

GO
22.5a

GC
24.4b

TMR
26.4c

SEM
0.66

TRT
< 0.05

MS yield (kg/cow/day)

1.83a

1.94b

2.08c

0.035

< 0.01

Milk fat content (g/kg)

46.1a

45.3a

46.0a

0.08

NS

Milk protein (g/kg)

35.4a

35.0a

33.3b

0.03

< 0.05

Cumulative milk yield (kg/cow)
Cumulative MS yield (kg/cow)

6195a

6783b

7234b

498a

539b

570c

167.0
10.9

< 0.05
< 0.001

Conclusion
• Feed system had a significant effect on milk and MS yield
− TMR treatment had greater milk production than GO and GC

• Clover inclusion in the sward significantly increased milk and MS
compared with GO swards
• Clover inclusion did not increase total sward herbage production
Acknowledgements: The authors acknowledge the funding provided by the Irish Dairy Levy administered by Dairy Research Ireland,
and the Teagasc Walsh Fellowship Scheme
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