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fmproving the protein content of Northern Ireland milk by
as little as 0.1% would increase the total value of milk sales

off farms by £4.6 miilion. Given the poor economic returns in.

dairying at present, even a small improvement in milk protein
composition would give a welcome and timely boost to dairy
farm incomes.

While much research has been completed on the subject
of milk compesitional improvement and manipulation, our
survey of Northern Ireland’s dairy farmers indicated a need
for a compilation of current relevant research resuits to be
made available for immediate on-farm use.

This booklet, which is the first in a series, sets out various
nutritional approaches, which can be adopted on farm to give
immediate and large responses in milk protein and fat
content. Up-to-date research resuits, in an easy to read
format, are presented on most nutritional aspects of dairy
cow feeding on subjects including grass silages and
additives, alternative forages, concentrate type and feeding
rates, grazed grass and dry cow feeding. ‘

A new and interesting approach to guota management is
also discussed involving the manipulation of milk fat content
by feeding dietary oils, fish oil in particular, which could have
a major impact on end of year quota planning.

Dr T W J Keady and Br C S Mayne of the Agricultural

Research Institute of Northern Ireland have compiled this
booklet for the ARDC.

Ciaran Garvey {Chairman, Milk Advisory Committeg)




Milk composition is important to dairy producers due to
current milk pricing schemes and quota constraints. For
example, if the milk protein content of the Northern lreland
milk pool was increased by 0.1% it would be worth an
additional £4.6 million in milk revenue o dairy producers.
Recent studies at Hillsborough have shown that milk protein
content can be increased by as much as 0.5% (from 3.04 to
3.56%) solely due to improvements in silage quality and
changes in concentrate composition.

Milk quota limits both milk volume output and the butterfat
content of milk deliveries. Recent studies at the Institute have
shown that milk fat content can be decreased by up to 1.5%
by feeding 450 g of fish oil per cow per day. This reduction
would allow an additional 27% more milk volume o be
supplied in a given quota situation.

it is recognised that a large humber of factors such as stage
of lactation, age of cow, cow health and genetics can
influence milk composition at farm level. However, the aim of
this booklet is to highlight recent research findings on the key
nutritional factors that influence milk protein and fat
contents at farm leve! during the winter feeding period.

FEED FA “TORS INFLUENCING

Grass silage forms the basal forage during the winter period
on most farms, and consequently changes in silage quality
have a major impact on milk composition in Northern Ireland
dairy herds.

High feed value grass silage is essential for high protein mitk during the winter
. feeding perlod

Digestibility
Digestibility is the most important factor affecting silage

infake and consequently milk composition and yield from

grass silage. The major factors affecting digestibility are:

@ Dale of harvest: Digestibility declines by approximately
0.5% for each day delay in harvest after mid May. .

® [odging: Lodging in a crop accelerates the decline in
digestibility. In severe cases digestibility may decrease by
up to twice the normal rate, e.g. 1% decline for each day
delay in harvest.




@ Sward fype: Perennial ryegrass swards normally have
higher digestibilities than old permanent pastures. Also the
heading date of different perennial ryegrass swards can
have a major impact on digestibility. -

@ Formentation: Digestibility declines as fermentation quality
deteriorates

The effects of silage digestibility on milk vield and
composition are highlighted in the results shown in Table 1.
For each 5 percent increase in silage D-value (equivalent
to cutting the grass crop 10 days earlier), milk protein
concentration increased by 0.08% and milk yield
increased by 1.2 litres/day. Silage digestibility has litile
effect on mitk fat content.

Table 1  Effect of digestibility of grass sﬂage on milk yield
and composition

D-value of silage (%)

73 70 62
Silage intake (kg DM/day) 10.7 10.0 8.1
Milk vield (litres/day) 289 28.2 26.3
Milk composition (%)
Fat 3.77 3.68 3.68
Protein 3.35 3.22 3.17

(Gordon, 1980)

Ensiling technique

A good ensiling technique is one of the most important
management factors in producing high feed value silage and
yet this is often a neglected area. The key factors assocrated
with a good ensiling technique are:

{a) rapid ensiling - silo filled within 2-3 days maximum

{b) minimise soil contamination

{c) consclidate well

{(d) rapid and effective sheeting.

Additives

Approximately 4 mitlion tonnes of herbage are treated with
an additive annually in Northern ireland, costing in the region
of £6 million. A wide range of additives are available with 86
products listed on the most recent UKASTA Forage Additive
Approval Scheme list. The main ingredients of the additives
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currently available include bacteria, enzymes, formic acid,
sulphuric acid, molasses and absorbent based products.

Bacterial inoculants and formic acid are the two most
commonly used additives in Northern Ireland. A summary of
milk yield and composition responses of dairy cows offered
additive treated silages is given in Table 2.

Table 2 The effects of formic acid and inoculant
treatment on milk yield and composition
(average of 11 studies)

Treatment
Untreated Formic acid Inoculant
Milk yield (litres/day) 20.7 21.0 21.3
Milk composition {%)
Fat 3.74 4.07 3.92
Protein 2.76 2.86 285

(Mayne and Steen, 1993)

The results shown in Table 2, which represent the average
of 11 studies, clearly indicate that the use of either a proven
inoculant or formic acid additive produced small
increases in milk yield and increased milk protein
content by up fo 0.1%. in this series of studies many
different inoculant products were evaluated and the effects on
milk protein content varied considerably, ranging from a

‘decrease of 0.01% to an increase of 0.15%. Consequently

prior to choosing an inoculant it is important to have evidence
from independent research that the particular product in
question has increased animal performance under simitar
cohditions to those in which you propose to use it. This
series of studies also clearly indicate that the use of
either an inoculant or formic acid additive increases milk
fat by 0.18 and 0.33% respectively. Consequently, in an
over quota situation an inoculant additive may be preferred to
formic acid, given similar increases in milk protein content
with either additive, but larger increases in milk fat content
with formic acid.




Molasses, sulphuric acid and enzyme based products are
the other types of additive commonly applied to grass at
ensiling in Northern Ireland. There is very little evidence to
indicate that the use of these additives will improve milk
composition or yield of lactating dairy cows,

Wifting

There has been a renewed interest recently among
producers in Northern Ireland in wilting grass pricr to ensiling.
This renewed interest reflects the desire to prevent pollution
from effluent run-off, to increase intake and performance from
forage, coupled with recent developments in conditioning and
tedding equipment.

A summary of the effects of rapid wiling (24-36 hours) of
grass to 32% dry matter prior to ensiling on milk yield and
composition from 11 studies is presented in Table 3. Rapid
wilting dramatically increased sitage intake by 17%, but
resulted in a relatively small increase in milk yield of only 0.5
litres/day. This low milk yield response reflects the reduction
in animal response to marginal increases in energy intake
when the basal plane of nutrition is relatively high relative to
animal performance. Consequently, milk output per hectare
was considerably reduced with the wilting system.

Table 3 Effects of rapid wilting on silage intake and
animal performance

Treatment
Unwilted Wilted
Sitage intake (kg DM/day) 10.2 11.9
Milk yield (litres/day) 20.7 21.2
Milk composition (%)
Fat 4.52 4.66
Protein 3.27 3.38

{Patterson et al, 1996 and 1998

Milk protein and fat contents were increased by 0.11 and
0.14% respectively due to rapid wilting. To obtain beneficial
responses from wilting it is essential to achieve high rates of
drying. ‘Also good management of the silo at ensiling and
during feed out is critical when high dry matter silages are
ensiled. Poor sHo management results in aerohic
deterioration and heating at the silo face, which can offset the
potential benefits from wilting.

Recently there has been a major increase in interest in the
production of alternative forages in Northern lreland, given
their potential to increase forage intake of dairy cattle and the
possibility of reducing forage costs, particularly if land is

eligible for arable aid. However it is also important to examine

the effects of the inclusion of alternative forages on animal
performance.

Maize

Approximately 250 ha of forage maize are ensiled annually
in Northern Ireland. Maize has the potential to produce high
yields of high feed value silage. For high feed value maize
silage, the crop needs to be harvested at high dry matter (25-
30% DM) and starch (greater than 20%of the DM) contents.
Data from the literature indicate that low dry matter, low
starch maize has no beneficial effect on animal performance
relative to good quality grass silage (e.g. ME content above
11.5 MJ/kg DM and intake value greater than 70). However

-high starch (greater than 20%) maize silage results in
improvements in milk protein content and yield of

lactating dairy cattie. Inclusion of high feed value maize
silage in the diet also tends to decrease milk fat content.

Whole crop cereals

Whole crop cereals may be ensiled either fermented
(ensiled at 30-45% dry matter) or treated with urea as an
additive to achieve an alkaline preservation (ensiled at 50 to
55% dry matter). The effects of including 33% of the forage as
fermented or urea treated whole crop wheat, with the
remaining 67% as grass silage, on mitk yield and composition
are presented in Table 4.




Other than high starch (greater than 20%) maize silage, altetnative forages have
no beneficial effect on milk composition or milk yield relative to good quality
grass silage

Kale

Kale is one of the most recent alternative forages to hit the
spotlight in Northern Ireland. Kale has the potentiai to
preduce high yields of forage in a 12-13 week growing period.
The crop can be grown following removal of first cut silage on
swards which are to be reseeded in the autumn. Studies
undertaken in England and Northern Ireland, using cows in
both early and mid lactation, indicate that the inclusion of 30-
40% kale silage dry matter in the forage component of the
diet had no effect on milk composition or yield of tactating
dairy cattle.

S

Table 4 The effect of including whole crop wheat
(33% of forage intake) on milk yield and
composition relative to grass silage as the
sole forage '

Whole crop wheat

Grass (33% forage intake)

silage Fermented 2% Urea 4% Urea

Total silage intake

(kg DM/day) 1.7 121 12.5 12.5
Mitk vield :
(litres/day) 30.0 291 204 29.9
Milk composition (%)
Fat 4.19 410 4.07 414
Protein 3.25 3.19 3.22 3.25

(Leaver and Hill, 1995)

The resuits show that when cows are offered similar levels
of the same type of concentrats, inclusion of whole crop
wheat, either fermented or urea treated, has no beneficial
effects on milk yield or composition, even though it
increases forage intake. The lack of effect of whole crop
wheat on milk yield or composition, even though silage intake
is increased, is due to a depression in digestibility of the diet,

primarily that of the starch component.

Changes in either the level of feaeding or type of concentrate
offered during the winter feeding period can have a major
impact on both milk yield and composition.
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Increasing the starch content of the concentrate improves mitk protein content

Feed level

Increasing the level of concentrate feeding improves milk
protein content and yield due fo increased energy intake.
These effects are clearly illustraied in Table 5, from the results
of a large scale study undertaken over a three year period at
Hillsborough. On average, each additional kg of concentrate
offered per day increased milk protein content by 0.05%. At
low levels of concentrate feeding (less than 7 kg/cow/day)
additional concentrates will also increase milk yield and this
needs to be taken into consideration in addition to the milk
protein effect. However, at higher levels of concentrate
feeding, milk yield responses to additional concentrate are
usually low, unless silage feed value is poor. These resuits
clearly show that feeding additional concentrates
specifically to increase milk protein concentration is
unlikely to be profitable with current milk pricing
systems, as the higher bonuses being offered for protein
are not sufficient to cover the cost of additional
concentrate feeding.

Whilst it has often been advocated that increasing the level
of concentrates results in a reduction in milk fat concentration,
the data presented in Table 5 indicate that increasing
concentrate feed levels from 4 up to 10 kg/cow/day had fittle
effect on milk fat content. However when cencentrates are
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offered at very high levels, e.g. above 10 kg/cow/day, milk fat
content will be decreased.

Table 5 Effect of concentrate feed level on milk
production and composition

Feed level (kg conc./cow/day)
3.8 53 6.7 8.1 9.4

Milk vield (litres/day) 20.2 21.2 230 236 240
Milk composition (%)

Fat 4.00 4.01 399 403 4.07
Protein 308 315 315 329 335

{Gordon, 1984)

Conicentrate composition

The ingredient composition of the concentrate, particularly
starch content, can have a significant influence on milk
composition. A summary of the effects of concentrate starch
content on milk yield and composition is presented in Table 6.
The high starch concentrate in these studies was formulated
predominantly from wheat, barley and soyabean, while the
fow starch concentrate was formulated predominantly from
sugar beet pulp, citrus pulp and soyabsean. Concentrates
were fed at 10 kg/cow/day in four equal feeds, through out-of-
parfour feeders, 1o cows which were offered one of nine

‘contrasting grass silages. Regardless of silage quality,

increasing the level of starch (cereal) in the concentrate
increased milk protein content, had no effect on silage intake
or milk vyield and reduced fat content. Increasing
concentrate starch content from 4 to 33% DM increased
milk protein by 0.15%, which is equal to the response
expected from feeding an additional 3 kg of concentrate
per cow per day. With current reductions in cereal price,
there is now a real opportunity to increase the protein
content of milk cost effectively. Also milk fat content was
reduced by approximately 0.11% by increasing the starch
content of the concentrate.
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Table 6 Effects of increasing concentrate starch
content on food intake and animal

performance
Conc. starch content (% DM)
4 18 33

Silage intake (kg DM/day) 9.9 9.8 2.9
Mili yield (litres/day) 26.8 26.5 26.4
Milk composition (%)
Fat 4.43 4.38 4.33
Protein 3.21 3.26 3.36

{Keady et al, 1997 and 1998)

Altering the protein content of the concentrate, or protein
quality, has little effect on milk protein content at normail levels
of concentrate feeding (7 to 10 kg/cow/day).

Concenlrate feeding system

Numerous studies have examined the effect of method of
concentrate feeding on milk yield and composition with cows
offered a range of concentrate feed levels from 2 to 11
kg/cow/day. Regardless of the level of concentrates fed,
feeding the concentrate either as part of a complete diet
or in three or four feeds per day through out-of-parlour
feeders has had no effect on milk protein content.
However when cows were offered very high levels of
concentrates, e.qg. 14 kg/day, offering the concentrate as part
of a complete diet, decreased mitk fat content by 0.08% and
increased milk yield by 7%, with no effect on milk protein.

Use of compiate diet feeding does not alter milk composition when feeding jess
than 1t kg concentrate per cow per day

Supplements to depress milk faf

Inclusion of oils in the diets of dairy cows has been shown
to alter diet digestibility and rumen fermentation
characteristics. More recenily it has been suggested that
inclusion of oils containing long chain fatty acids, in the diet
e.g. fish oil, may alter mammary giand function.

Soya oil. Soya oil is a vegetable oil and is readily available to
the compound feed industry in Northern lreland. The effects
of inclusion of soya oil in the diet of dairy cows on subsequent
milk composition and yield are presented in Table 7. Including
soya oil at 0.5 kg/cow/day, within the dairy cow concentrate,
depressed milk fat by 0.28%, allowing an additional 5% more
milk volume to be supplied in a given quota situation.
Inclusion of soya oil had no effect on milk yield, but depressed
protein content by 0.09%.
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Table 7 Effect of soya oil inclusion on milk yield
and composition when fed in conjunction
with grass silage/concentrate diets

Treatment
Control Soya oil
Level of oil inclusion {(g/day) 0 430
Milk yield (litres/day) 215 216
Milk composition (%)
Fat 4.16 3.88
Protein 319 3.10

{Keady, unpublished data)

Fish oil. Fish oils are a rich source of long chain
polyunsaturated fatty acids and omega-3 fatty acids. The
effects of including fish oil in the diet on milk composition and
yield are presented in Table 8.

Table 8 Effect of fish oil inclusion on milk yield and
composition

Level of fish oil (g/day)

0 150 300 450

Milk yield (litres/day) 227 250 252  26.0
Milk composition (%)

Fat 4.21 4,01 369 272
Protein 3.27 3.19 3.01 2.88

(Keady and Mayne, 1998)

increasing the level of fish oil from 0-450 g/day decreased
milk fat content. When the high level of fish oil was
offered, milk fat content was decreased by 1.5% allowing
an additional 27% more milk volume to be supplied in a
given quota situation. However, on the negative side,
increasing fish oil supplementation also depressed milk
protein content by up to 0.39%. As most purchasers
determine milk price on a combination of volume and the

Milk fat content can be depressed
by 1.5% by feeding fish oil,
consequently 27% more volume
may be supplied in a given gquota
situation

contents of fat and protein, high levels of fish oil inclusion
would depress milk price, but would allow an additional 27%
more mitk volume to be supplied within a given milk quota.
The use of fish oil is therefore a useful quota management
tool. However its use is only recommended late in the
quota vear when the producer is aware, firstly that he is
over quota and secondly, that the national butterfat base
level will be exceeded.

Grazed grass is the cheapest feed available on-farm.
Increasing the proportion of grazed grass in the diet by
extending the grazing season beyond the normal early
April to mid October period increases milk yield and
protein content. The response obtained from extending the
grazing season depends on the quality and quantity of grass
consumed by the cow and the level of feeding given during
the indoor period. Improvements in milk protein content of
0.24 and 0.13% have been obtained from spring and autumn
calving cows given access to grass for 3 hours daily between
29 October and 26 November. Also, when spring and autumn
calving cows were given 2.5 hours access 1o grass daily
between 26 February and 16 April milk protein contents were
increased by 0.07 and 0.22% units respectively. In these
studies the cows indocrs were recelving moderate quality
silage ad libitum supplemented with 6 kg concentrates/
cow/day. Increases in milk fat content have also occurred with
extended grazing, with increases of between 0.34 and 0.48%
for cows turned out for 2-3 hours/day in early spring.
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Extended grazing for 2-3 hours/day in November and March increases milk
protein and fat contents

The most important factor in terms of dry cow nutrition
is to calve the cow at the right condition. If the cow is
either under or over condition at calving, milk protein content
will be depressed. The optimum condition score at calving is
between 2.5 and 3 on a five point scale, 1 being excessively
thin and 5 being grossly fat.

Many recent studies have examined the effects of altering
nutrition during the final four weeks of pregnancy. Whilst
some studies have shown improvements in milk protein
content by feeding low levels of an undegradable protein
concentrate during the dry period, others have shown no
response. Nutrition during late pregnancy is a complex area
requiring further study to elucidate possible effects of
changes in nutrition at this stage on milk yield or composition
in the subsequent lactation. Further research is currently in
progress at Hilisborough to define cow characteristics, e.g.
body condition, body weight, etc, under which possible
responses to changes in dry cow nutrition will occur.

There is considerable potential to alter mitk composition by
feeding during the winter period. Recent studies at
Hillsborough have shown that miik protein can be increased
by up to 0.52%, from 3.04 to 3.56% by improving silage feed
value and increasing the level of starch in the concentrate.
The key factors in increasing milk protein content are:

(a) Maximum use of grazed grass.

{(b) Production of high digestibility, high intake grass silage.
(c) Feeding high starch (cereal based) concentrates.

(d) Consistent production of high starch {greater than 20%)

maize silage.

Similarly, there is potential to reduce milk fat content in a
quota situation. For example milk fat content has been
reduced by 1.5% from 4.21 to 2.72%, by inclusion of fish oil
in the diet, consequently increasing the volume of milk which
may be supplied in a given quota situation by 27%. This
strategy may be of particular value to control milk supplies in
the last few months of the quota year.

The key factors in decreasing milk fat are:
(a) Feed fish or soya oil in the diet.

(b} Supplement with high starch concentrate.
(¢) Avoid high dry matter grass silage

~ Furthermore, good animal husbandry, e.g. ensuring
animals have free access to grass silage or well managed
grass swards, and avoiding excessive changes in body
condition during lactation, is the most important and least
expensive factor which affects all aspects of animal
performance.

For further information contact:

Tim Keady or Sinclair Mayne

Agricultural Research Institute of Northern Ireland
Hillsborough, Co Down BT26 6DR

Telephone: 01846 682484

Fax: 01846 689594
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