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ABSTRACT

Factors affecting milk yield and composition were reviewed
and it was concluded that feeding level and diet type (notably
unwilted pasture silage) may have independent effects on yield
and composition of milk,

The objective of this research was to investigate the separate
effects of forage type and feeding level on milk yield and
composition and to study some of the mechanisms that may effect
the efficiency of utilization of DE in these diets for milk synthesis.

Initially effects on milk yieid and composition and nutrient
utilization were studied in a series of experiments in which dairy
cattle were individually fed in stalls on varying levels of forage
diets, Unwilted pasture silage was compared with pasture, wilted
silage, formalin treated silage, and unwilted silage supplenmented
with pasture, maize silage or protein concentrates.

These experiments showed that both level of feeding and the
type of forage diet offered to dairy cows can affect nilk yield
and composition, ‘

Increasing the intake of pasture,iincreésed the yields of milk,
fat, protein and lactose, and increased milk protein percentage and
decreased milk fat percentage. Similar results were obtained with
unwilted silage except that no relationship was found between silage
intake and milk protein concentration.

Cows offered unwilted pasture silage produced less milk containing
a lower concentration of fat and protein than cows offered pasture
at the same intake of DRE. Neither ration affected milk lactose

percentage.
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The efficiency of utilization of DE for milk synthesis by cows
fed silage was improved by either reducing protein degradation
during ensiling; or by providing pasture or protein concentrates
as supplements., lMaize silage as a supplement had no effect.

These studies indicated that the amount of protein entering the
duodenum of cows offered unwilted silage was limiting milk protein
synthesis,

Subsequently cows were surgically prepared with abomasal
cannulae to test this hypothesis, Consistent and significant
increases in milk yield, milk protein concentration and milk protein
yield by cows fed unwilted silage were obtained when abomasal
infusions of sodium caseinate were given in a series of studies.
Further studies showed no responses were obtained with abomasal
infusions of glucose which indicated that the response in milk
protein synthesis was due to amino acids per se.

The magnitude of the responses in milk protein synthesis to
abomasal infusions of casein were higher for cows offered silage
in comparison to those fed pagture at similar intakes of DZ.  The
difference in the responses of the cows on the two rations was due
apparently to an inadequate supply of essential amino acids for cows
fed silage in comparison with those fed pasture.

Abomasal infusions of L-methionine increased milk yield, milk
protein percentage and milk protein yield to the same extent as
casein suggesting that methionine might be the major essential amino
acid that was limiting milk protein synthesis of cows fed unwilted

pasture silage.



- 1V -

ACKNOVLEDGEMERTS

I would like to gratefully acknowledge the Assistant Director
of Agricultural Research (Animals) of the N.Z. Ministry of
Agriculture and Fisheries, Dr J.B. Hutton, for provision of
facilities at the Nutrition Centre, Ruakura, and for his guidance
throughout this study.

I also would like to express my appreciation to Drs A.M. Bryant
and L.M. McLeay for their guidance during the course of this study.
My gratitude and thanks are due to Mr K.E, Jury for his statistical
essistance.

Thanks are also due to Messrs J. Lagan and 1. Halliday and
other members of the Nutrition.Centre staff for their assistance in
feeding, milking, and managing the animals; to Mr R.P. Newth and
staff for help with chemical analyses, and to the staff of the
Physiology Centre for their assistance in animal surgery.

I would also like to thank Miss A, Smith for typing the thesis.

I wish to thank the Australian Dairy Research Committee for
the award of a Post-graduate Studentship, and the Victorian
Depaffment of Agriculture for study leaQe. —

Finally my special thanks go to my wife, Meg, for her assistance

and encouragement throughout the period of study.



CONTENTS
Page
ABSTRACT ii
ACKNOWLEDGEMENTS iv
CONTENTS \%
LIST OF TABLES ix
LIST OF APPENDICES xiii
LIST OF FIGURES xvi
LIST OF PLATES xix
LIST OF ABBREVIATIONS XX
1 INTRODUCTION 1
2 REVIEW OF LITERATURE
FACTORS EFFECTING MILK YIELD AND COMPOSITION 4
2.1 NON DIETARY FACTORS EFFECTING MILK YIELD ARND
COMPOSITION 4
’ 2.1.1 Breed and genetic structure of the individual
animal 4
2.1.2 Stage of lactation - T
2.1.3 Age of cow 7
2.1.4 Climatic effects 10
2.1.5 Disease 10
2.1.6 Effects of milking 12
2.1.7 Excitement 13
2.2 NUTRITIONAL FACTORS EFFECTING MILK YIELD AID
COMPOSITION 13
2.2.1 Variations in milk yield and composition 14

2.2.2 The effect of level of feeding on milk yield and

composition 14



2.3

- VL -

2.2.2.1 Effect of precalving feeding level
2.2,2,2 Effect of feeding level after calving
2.2.3 Effects of diet on milk yield and
composition
2.2.3.1 Effects of concentrates fed with
roughages |
2.2,3.2 Bffects of forage diets on milk yield and
composition
(a) The effects of pasture
(b) The effects of silage
(¢) Recapitulation
EVIDENCE INDICATING POSSIBLE MECHANISMS ACCOUNTING
FOR EFFECTS OF LEZVEL OF FEEDING AND TYPE OF DIET ON
MILK COMPOSITION
2.3.1 Effect of diet and level of feeding on milk
synthesis
2.3.1.1 Mechanisms involved in milk protein synthesis
2.3.1.2 " " mon - fag "
2.3.1.3 " " * "  Jactose "
2.3.2 Effect of diet and feeding lével on digestion
2.3.2.1 Effects of diet and feeding level on
digestibility and metabolizability
(a) Feeding level
(b) Diet
2.3.,2.2 Effects of diet and feeding level on rate

and site of digestion

Page
14

15

17

17

19

19

20

23

24

24
25

28

30

30

30

30

32



2.3.2.3

2.3.2.4

(a)
(b)
2.3.2.5

2.3.2.6

(a)
(b)
(e)

(a)

- vii -

Effect of diet and feeding level on VFA

- production

Effect of diet and feeding level on rumen
fermentation pattern

Level of feeding on rumen VFA pattern

Diet and rumen fermentation pattern

Effect of diet and feeding level on digestion
of lipids and on milk lipid synthesis

Effects of diet and feeding level on protein
digestion

Effect of feeding level on protein digestion
Effect of diet on protein digestion

Rumen protein synthesis

(i) Factors affecting rumen proteolysis

(1) o " " protein synthesis

Protein digestion and milk protein synthesis

2.4 CONCLUSION

EXPERIMENTAL

3.1 The influence of level of digestible energy intske on

the yield and composition of milk of cows fed pasture

or unwilted pasture silage

3.2 The effects of wilted, formalin treated, and unwilted

pasture silages on the yield and composition of milk

3.3 The effects of feeding supplements with pasture silage

on milk yield and composition

3.4 Response of lactating cows fed silage rations to

abomasal infusions of casein, methionine and glucose

Page

33

34

35

37

i
(S

85

108

148



- viii -

Page
4  GENERAL DISCUSSION 182
5  BIBLIOGRAPHY 191

6 APPENDICES



8.

9.

10.

11,

12,

13.

- iX -

LIST OF TABLES

TITLE
Components of milk,
Mean production of the main N.Z. dairy breeds.
Effect of age on milk fat yield and concentration.
Seasonal variations in the daily yield and composition
of milk,
Chemical composition of diets (Experiment 3.1).
Intake of DM and DE (Experiment 3.1).
Mean apparent digestibility coefficients of diets
(Experiment 3.1).
Mean daily intake and yield and composition of milk of
cows in Period II (Experiment 3.1).
Mean daily milk yield, milk composition and LW change
in Period III (Experiment 3.1).
Relationships between milk variates and DEI/LWO'75 of
silage and of pasture in Period III (Model (i);
Experiment 3.1).
The relationships between milk variaféé and DEI/LWO°75
of silage and of pasture in Period III (Experiment 3.1).
Mean molar percentages and concentrations of individual
and total VFA in rumen liquor, and molar ratios of acetate
to propionate (Experiment 3.1).
Effect of diet on PCV %, urea and « amino N concentrations
in plasma immediately prior to feeding (O-) and 3h later

(Experiment 3.1).

Page

11

61

62

62

63

65

66

76

7



Page

14. Effect of diet on nitrogen and gross energy partition

(Experiment 3.1). 78
15. Chemical composition of diets (Experiment 3.2). 89
16. Mean apparent digestibility coefficients of diets

(Experiment 3.2). 89
17. Mean daily milk yield, milg composition, and live weight

change in Period II (Zxperiment 3.2). 91
18,  Relationships between milk variates and DEI/IwO+7> in

Period IT (Model (iii); Experiment 3.2). 92
19, Summary of mean concentration and molar proportions of

rumen VFA at 3h and 12h after feeding commenced in

Period II (Experiment 3.2). 100
20. Effects of diet and level of feeding on PCV %, urea and

~ amino N concentrations in plasma immediately prior

to feeding (Oh) and 3h later (Experiment 3.2). 101
21, Effect of diet on partitioning of nitrogen and gross

energy (Experiment 3.2). 102
22, Chemical composition of diets (Experiment 3.3.1). 114
23, Mean apparent digestibility coefficient of diets. 14
24. Mean milk yield and composition, and live weight change

in Period II (Experiment 3.3.1). ‘ 115
25.  Relationships between milk variates and DEI/IWC-75 in

Period IT (Model (iii); Experiment 3.3.1). 17
26. Effects of diet and level of feeding on mean concentrations

and molar proportions of VFA in rumen fluid (Experiment

3.3.1). 124



27.

28.

29,

30.

31.

32.

33.

34.

35.

36.
37.

8.

-Xi -

Effects of diet and feeding level on PCV %, urea and =
amino N concentrations in plasma immediately before
feeding (Oh), 4h and 12h later (Experiment 3.3.1).
Effect of diet on partitioning of nitrogen and gross
energy (Experiment 3.3.1).

Chemical composition of diets (Experiment 3.3.2).

Mean apparent digestibility coefficients of diets

(Experiment 3.3.2).

Mean daily milk yield, milk composition, and live weight

change in Period II (Experiment 3.3.2).

‘Relationships between milk variates and DEI/LwWC+75 in
Period II (Model (ii); Experiment 3.3.2).

Effects of diet and level of feeding on PCV %, urea and
¢ amino N concentrations in plasma immediately before

feeding (Oh) and 4h later (Experiment 3.3.2).

Effects of diet and level of feeding on mean concentrations

and molar proportions of VFA in rumen fluid (Experiment
3.3.2).

Effect of diet on the partitioning of nitrogen and
gross energy (Experiment 3.3.2),

Chemical composition of diets (Experiment 3.4).

Mean DMI, and yield and composition of milk of cows on
silage rations regeiving abomasal infusions of 150 and
300 g/d sodium caseinate or 5 and 10 l/d of saline
(Experiment 3.4.1).

Mean DMI, and yield and composition of milk of cows on
silage rations receiving abomasal infusions of 300 g/d
sodium caseinate, 300 g/d sodium casenate plus 12 g/d

L-methionine, or 10 1/d saline (Zxperiment 3.4.2).

Page

126

127

108

128

130

131

140

141

142

158

159

160



39.

40.

41.

42,

43.

44,

- xii -

Mean DMI, milk production and milk composition of cows
receiving abomasal infusions of sodium caseinate (300 g/d,
glucose (290 g/d), L-methionine (12 g/d or saline (10 1/d)
(Experiment 3.4.3).

Nitrogen intake and utilization by cows receiving
abomasal infusions of sodium caseinate (300 g/d), glucose
90 g/d), L-methionine (12 g/d) or saline 0 1/4)
(Experiment 3.4.3).

Mean DMI and yield and composition of milk of cows on
silage rations and receiving abomasal infusions of sodium
caseinate (300 g/d), glucose (290 g/d), glucose (290 g/d) plus
sodium caseinate (300 g/d), or saline (G0 1/4d)

(Experiment 3.4.4).

Mean DEI, and yield and composition of milk of cows fed

pasture or silage receiving abomasal infusions of sodium

caseinate (300 g/d), or saline (10 1/d) (Experiment 3.4.5).

Nitrogen intake and utilization by cows fed pasture or
silage receiving abomasal infusions of sodium caseinate
(300 g/d) or saline (10 1/d) (Experiment .3.4.5).
Relationship between daily milk production and silage

intake (DEI/LWO.75),

Page

163

164

166

167

169



3.

4.

5.

Te

9.

10.

i1,

12.

13.

- xiii -

APPENDICES

Residual sums of squares for Model (i), (ii), (iii), and
(iv) relating milk variates to DEI/LWO-7> Experiment 3.1).
The relationship between live weight change and DEI/LwO.75

(Experiment 3.1).

Bffect of diet and level of feeding on nitrogen partition

(Experiment 3.1).

Summary of regressions of DEI on FCM, AIW, and LwO.75;
and of (milk energy + t;Lw/LwQ-75)on ME1 /w0 7>

(8xperiment 3.1).

Summary of DMI, DEI and DNI for Period IT {Experiment 3.2).
Relationships between milk variates and DEI/LwO.75 in
Period II (Model (i); Experiment 3.2).

Relationships between live weight change and DEI/LWC-75 in

Period II (Experiment 3.2).

Summary of DMI, DEI, and DNI for Period II (Experiment 3.3.1).

Relationships between milk variates and DEI/LWC.75 in

Period IT (Model (i); Experiment 3.3.1).

Residual sums of squares for Models (i), (ii), (iii), and

(iv) relating milk variates to DEI/LWO.75 (Experiment 3.3.1).

Relationship between live weight change and DEI/LWO.75 in
Period II (Experiment 3.3.1).

Mean concentrations and molar proportions of rumen VFA
immediately before feeding (Oh), 4h and 12h later

(Experiment 3.3.1).

Summary of DMI, DRI, and DNI in Period II (Experiment 3.3.2).

Page

215

215

216

217

218

219

220

221 .

222

223

224

225

2217



' 14,

15.

16.

17.

18.

19.

20,

21,

- Xiv -

Relationships between milk variates and DEI/LWO'75 in

Period IT (Model (i); Experiment 3.3.2),

Residual sums of squares for Models (i), (ii), (iii) and
(iv) relating milk variates to DEI/IWC+75 (Experiment 3.3.2).
Relationship between LW change and DEI/LWO0.75 in Period II
(Experiment 3.3.2).

Mean concentrations and molar proportions of rumen VFA
immediately before feeding (Oh) and 4h later.

(Experiment 3.3.2).

PCV %, plasma urea and « aminc N concentrations immediately
before feeding (Oh) and 4h later of cows on silage rations
receiving abomasal infusions of sodium caseinate (150 o 300
g/d), sodium caseinate (300 g/d) plus L-methionine (12 g/d),
or saline (10 1/d) (Mean differences; Experiments 3.4.1 and
3.4.2).

Effect of abomasal infusions of sodium caseinate (C, 300 g/d)
or (C) plus L-methionine (12 g/d) on the concentrations of

amino acids in plasma of cows on silage rations immediately

" before feeding and 4h later (Experiment 3.4.2).

The effect of abomasal infusions of glucose (290 g/d),
L-methionine (12 g/d), sodium caseinate (300 g/d) or saline
(10 l/d) on partitioning of gross energy of cows fed silage.
(BExperiment 3.4.3).

The effect of abomasal infusions of glucose (290 g/d)
L-methionine (12 g/d), sodium caseinate (300 g/d) and saline
(10 l/d) PCV %, plasma urea and « amino N concentrations of
cows on silage rations immediately before feeding (Oh) and

4 h later (Experiment 3.4.3).

Page

228

N

29

230

2%2

235



22,

23.

Page
Mean PCV %, and concentrations of plasma urea and « amino N
of cows fed silage rations and receiving abomasal infusions
of Na caseinate (C, 300 g/d), glucose (G, 290 g/d), (¢ + C),
or saline (10 1/a) (Zxperiment 3.4.4). 237

Mean PCV % and concentrations of ammonia, urea and « amino N
in plasma, and mean pH and ammonia concentration of rumen
fluid immediately before feeding(Oh) and 4h later of cows
fed pasture or silage receiving abomasal inlusions of Na

caseinate (300 g/d), or saline (10 1/d) (Experiment 3.4.5). 238



FIGURE

1.

2.

4.

5e

T.

9.

10,

11.

12,

- XVi -

LIST OF FIGURES

TITLE
Lactational trends in milk composition of 18 sets of
monozygotic twin cows at two stocking rates, (4.1 (L)
and 5.0 (H) cows/ha).
Lactational trends in milk yield and digestible organic
matter (DOMI) for the same cows as Fig.1.
Relationship between adjusted milk yield and DEI/LwC+ 7
of pasture and of silage (Experiment 3.1).
Relationship between adjusted milk fat yield and
DEI/LWO+75 of pasture and of silage (Experiment 3.1).
Relationship between adjusted milk protein yield and
DEI/LWC+7> of pasture and silage (Experiment 3.1).
Relationship between adjusted milk lactose yield and
DEI/LWO+T> of pasture and of silage (Experiment 3.1).
Relationship between adjusted milk protein concentration
and DEI/LW%* 77 of pasture and of silage (Experiment 3.1).
Relationship between adjusted milk fat concentration and
DEI/1LWO+75 of pasture and of silage (Experiment 3.1).
Relationship between live weight change and DEI/LuO.7>
of pasture amd of silage (Experiment 3.1).
Relationship between adjusted milk yield and DEI/LWO.75

(Experiment 3.2).

Relationship between adjusted milk fat yield and DEI/LWO.75

(Experiment 3.2).
Relationship between adjusted milk protein yield and

DEI/LWO+ 75 (Experiment 3.2).

Page

68

69

70

T

74

93

9%

95



- Xvii -

Page

13. Relationship between adjusted milk lactose yield and

DEI/LWO+75 (Experiment 3.2). 96
14. Relationship between adjusted milk fat concentration and

DEI/LWO+75 (Experiment 3.2). 97
15. Relationship between adjusted milk protein concentration

and DEI/LWC+75 (Experiment 3.2). 98
16. Relationship between adjusted milk yield and D&I/LWO.T5

(Experiment 3.3.1). 118

17.  Relationship between adjusted milk fat yield and DEI/LWO.75
(BExperiment 3.3.1). 119

18. Relationship between adjusted milk protein yield and DEI /IW
pE1/LiC* 7 (Bxperiment 3.3.1). 120

19. Relationship between adjusted milk lactose yield and

DEI/1W0.75 (Experiment 3.3.1). 121
20, Relationship between adjusted milk fat concentration and

DEI/1W0‘75(Experiment 3.3.1). 122
21, Relationship between adjusted milk protein concentration

and DRI/LWO-75 (Experiment 3.3.1. 123

22,  Relationship between adjusted milk yield and DEI/LWO.7>
(Experiment 3.3.2). 132
23.  Relationship between adjusted milk fat yield and DEI/LwO.75
(Experiment 3.3.2). 133
24. Relationship between adjusted milk protein yield and
DEI/LWO+ 75 (Experiment 3.3.2). 134
25. Relationship between adjusted milk lactose yield and
DEI/LWO+7> (EZxperiment 3.3.2). 135
26. Relationship between adjusted milk fat concentration and

DEI/LWO.75 (Experiment 3.3.2), 136



27.

28,

29.

- xviii -

Relationship between adjusted milk protein concentration
and DEI/LWO.T5 (Experiment 3.3.2),

Relationship between adjusted milk lactose concentration
and DRI/LWO.75 (Experiment 3.3.2).

Effect of abomasal infusions of sodium caseinate with and
without additional methionine, on the concentrations of
some plasma amino acids immediately prior to feeding

silage (Oh) and 4h later. (Experiment 3.4.2).

Page

137

138

162



- Xix -

LIST OF PLATES

PLATE

Page
1. Infusion equipment showing detail of cannula flanges
(inset). 151
2. Cows in metabolism stalls for collection of milk, urire

and faeces during infusion studies. 151



CHy
DE
DEI
DM
DMI
DN
DNI
af
d
FCM
G.L.C.
g
GE

GEI

HBu
nHBu
IHBu
nHVa
IHVa
I.D.
kg
Ly

LW

- XX -

LIST OF ABBREVIATIONS

partial regression coefficients
methane

apparent digestible energy
apparent digestible energy intake
dry matter

dry matter intake

apparent digestible nitrogen
apparent digestible nitrogen intake
degrees of freedom |

day

fat corrected milk

gas liquid chromatograph

grams

gross energy

gross energy intake

hours

acetic acid

propionic acid

butyric acid

normal butyriec acid

iso-butyric acid

normal valeric acid

iso-valeric acid

internal diameter

kilograms

live weight

live weight change



milk N + MR
ml

ng

MJ

meq

MAD fibre
milk protein
NPN

_

NR

NHz-N

OM

PCV

RSD
T.p.m.
SS
SEM
SD
SED
SNF
TCA

VFA

- Xxi -

productive nitrogen

millilitres

milligrams

megajoules

milliequivalents

fibre extracted by the modified acid detergent method
milk crude protein (N x 6.38)

non protein nitrogen

nitrogen

nitrogen retention

ammonia nitrogen

organic matter

packed cell volume

simple correlation coefficient

Multiple correlation coefficient for overall regression
model

residual standard deviation of regression model.
revolutions per pinute

sums of squares

standard error of mean

standard deviation

standard error of difference between means
solids not fat

tricarboxylic acid

volatile fatty acids,



1. INTRODUCTION

Over the past 20 years pastoral products have provided about
80 % of New Zealand}s (v.2.) export earnings. One-third of this
was obtained from dairy products. By world standards the N.Z.
dairy industry is small but dairy products exported by N.Z.
represent about one-third of the total international dairy trade,

N.Z. Dairy farwing is based on grazing perennial pastures and
is seasonally orientated. Surplus pasture is conserved either as
silage or hay and is fed to cows as supplements in times of herbage
scarcity. This farming system wﬁich has a low cost structure is
highly competitive with systems in many overseas countries where
expensive concentrates are extensively used to feed dairy cows.

Up to the present time,payments for milk have been on the
basis of milk fat production. Therefore farmers have sought to
maximise milk fat production by selection and breeding, and by
increasing stocking rates and manipulating pasture supolies with
strategic use of pasture supplements to equate them with cow
requirements, )

During the last 20 years the N.Z. dairy industry has underéone
profound changes especially in diversification of products. Butter
and cheese were the major salable products, but there has been a
steady increase in the value of non-fat constituents, particularly
milk protein which alone or in combination with other milk products
form the basis of all dairy products other than butter. Thus in
1956, milk fat in the form of butter provided over 80 % of N.Z.

dairy export earnings whereas in 1975 it had decreased to 43 %. -

Conversely milk protein products have changed from being of minor



importance to being the major earner of export income, reflecting
the rising world demand for high quality protein.

The increasing importance of milk protein has led to schemes
being developed for payment to be made to farmers for protein as
well as fat production. A scheme has already been implemented by
the Rangitaik Plains Dairy Company to encourage farmers to
improve the protein content of milk, Improvements have been made,
to a certain extent, by a partial change in the breed structure of
the industry from the Jersey to the Friesian breed, the latter
having a higher protein to fat ratio., However rising ecnergy costs
involved in the cartage of milk and manufacture of milk products is
accentuated by the lower fat and solids not fat (SNF) in Friesian
milk, and increases the need for farmers to consider ways in which
they might now improve the concentration of these milk constituents,
especially protein, to offset additional costs,

In the long term, breeding based on selection for high milk
yields and high concentrations of fat and protein in milk is
probably the most important way a farmer can exert his control.

In the short term a farmer may be able to influence milk composition
by manipulation of the diet. However the effect of diet on milk
composition is not well understood and current feeding standards
based on net energy and digestible crude protein donot specify
product quality.

Research has shown that milk composition can be altered by
varying the amount and quality of forage fed (Sections 2.1, 2.2).
Stocking rate experiments have shown an increase in stocking rate
reduces per cow milk yvields and milk protein concentration but

increases milk fat concentration (Section 2.2.1), Presumably both



the level of feeding and differences in pasture quality were
implicated, Lower milk yields and concentrations of protein in
milk have also been observed when the prOportion of pasture silage
has been increased in a forage ration but again it was not possible
to differentiate between diet and level of feeding effects, since
silage resulted in reduced food comsumption (Flux and Patchell,
1950).

It is therefore probable that on N.Z. dairy farms milk
composition is altered by the feeding management imposed by the
farmers. Selecting and bresding cows with potentially high milk
yields coupled with increasing stocking rates have made adequate
feeding more difficult especially in early lactation. This rlaces
greater reliance on the use of pasture supplements, Hence the
traditional use of pasture and its conserved products, especially
pasture silage, to provide low cost production has possibly led to
lower intakes and poor utilization of digested nutrients for milk
synthesis,

The present investigation was initiated to provide more
information on the effects of pasture and high moisture silage and
the 1eve1'of feeding of these rations on milk yield and composition.
Since milk synthesis is closely associated with digestion and
metabolism of absorbed nutrients, the investigations included studies
of the effects of modifying dietary nutrients and altering the site

of digestion on the utilization of absorbed nutrients.



2. REVIEW OF LITERATURE

FACTORS AFFECTING MILE YIELD AND COMPOSITION

This review examines current knowledge of the factors effecting
variations in the yield and chemical composition of cows' milk.,
Particular emphasis is given to the forage diets commonly used in
N.Z. and to the major milk constituents, fat, protein, and lactose.
The main constituents of milk as summarized by Ling, Kon, and Porter

(1961) are shown in Table 1.

TABLE 1. Components of Milk

Milk
1
| ] 1
Non-fatty Water Fatty
solids (Dissolved CO,, Oy, Ny) fraction
l
| ] | | I |
Nitro- Lactosc Water-  Mineral Tri- Other
genous soluble matter glycerides  fat-soluble
substances vitamins compounds
Non-protein  Protein
|
| I |
Casein  Albumin Globulin Proteose-  Others Phospho-  Sterols  Fat-soluble Carotcnoids
: peptone  (Eazymcs) lipids vitamins

2.1 ﬁON DIETARY FACTORS EFFRCTING MILK YIELD AND COMPOSITION

A number of non nutritional factors affect milk yield and
composition. These have been reviewed by Smith (1959), Jenness
and Patton (1959), Rook (1961), Ling, et al. (1961), Laben (1963),
Corbin and Whittier (1965), and only a brief account will be

given here,

2.1.1 Breed and genetic structure of the indiwvidual animal

Studies by Overman, Garret, Wright and Sanmann (1939), hate

defined the composition of milk of the major breeds of dairy cow.



Jerseys produce milk usually with a higher fat content than
Friesians and Ayrshires (see Table 2) btut exhibit greater variability
among individuals, Jersey milk often has a higher protein
concentration than Friesian milk but the lactose contents are
similar. Milk from Jerseys also contains a much higher proportion
of carotene but less vitamin A than other breeds (Ling et al. 1961)
and considerable differences have been sﬁoﬁn between the breeds in
protein composition (Rolleri, Larson and Touchberry, 1956).

Individual animals within a breed exhibit wide differences in
composition of milk and within breed standard deviations are higher
for fat, than for protein and lactose (Legates, 1960). TFoot (1964)
hes shown that between herd differences in milk producticn and
composition are due more to environmental and management factors
than to the genetic potential of the animals.

Estimates of the correlations of fat and protein contents for
different lactations of the same cow have been shown to be much
larger than is the case of lactation yields of fat and protein
(Touchberry, 1974). Heritability estimates of the percentages of
milk constituents have also been shown to be approximately twice
those for the lactation yield trajts. This provided evidence that
variations in environment has much less effect ‘'on the percentages of
the various constituents of milk than on the lactation yields of
milk and its constituents. Investigations by Wilcox, Gaunt and
Farthing (1971) have shown that fat and protein contents in milk are.
not inherited individually and have an average genetic correlation
of 0.45. Lactation milk yield and percentages of milk constituents
are negatively correlated indicating that breeding for milk yield

decreases the concentration of milk solids.



TABLE 2. Mean production of the main N.Z. dairy breeds,
. V. 3 . K
Season CI;I:,'S Av. milk miﬁ(fat Av. milkfat Av. days aﬁres:gc]iltgﬁrs
) % (kg) in milk kg)
Ayrshires .
1951-52 7,454 2,970 4.18 124 253 129
1955-56 8,410 3,059 4.18 128 258 132
1959-60 8,848 3,297 422 139 262 143
1965-66 9,267 3,487 4.33 151 267 152
1969-70 10,340 3,222 4.28 138 252 129
1970-71 10,400 3,256 4.27 139 264 134
1971-72 10,252 3,446 429 148 267 146
1972-73 10.960 3,312 4.31 143 254 139
1973-74 10,797 3,230 4.27 138 252 135
1974-75 10.589 3,239 4.23 137 261 138
Friesians
1951-52 6,683 3,888 3.70 144 262 129
1955-56 1,735 4,061 3.74 152 271 132
1959-60 9,782 4,317 3.80 164 273 143
1965-66 13,818 4,499 3.98 179 277 152
1969-70 19,728 4,283 3.97 170 268 129
1970-71 20,692 4,306 3.97 171 277 134
1971-72 21,942 4,468 4.03 180 280 146
1972-73 24,251 4,312 4.02 174 270 139
1973-74 25,669 4,253 4.04 172 271 135
1974-75 26,599 4,245 4.02 171 275 138
Jerseys
1951-52 43,776 2,551 5.49 140 260 129
1955-56 49,781 2,617 5.46 143 264 132
1959-60 49,576 2,782 5.57 155 271 143
1965-66 51,898 2,866 5.76 165 272 152
1969-70 54,002 2,553 5.56 142 246 129
1970-71 52,884 2,593 5.59 145 259 134
1971-72 50.158 2,772 5.63 156 269 146
1972-73 51,455 2,677 5.58 149 254 139
1973-74 50,874 2,607 5.56 145 253 135
1974-75 49,506 2,640 - 5.50 145 259 138
M. Shorthorns
1951-52 3,416 3,001 4.10 123 T 249 129
1955-56 3,160 3,076 4.13 127 257 132
1959-60 3,061 3,211 4.11 132 258 143
1965-66 2,481 3,408 4.17 142 262 152
1969-70 2,100 3,143 4.07 128 249 129
1970-71 1,777 3,145 4.10 129 258 134
1971-72 2,063 3,192 4.14 132 263 146
1972-73 2,047 3,153 4.11 130 248 139
1973-74 2,172 2,957 4.06 120 242 135
1974-75 2,138 3,170 4.03 128 257 138

Source:

knon. (1975)



2.1.2 Stage of lactation

Changes in milk yield and composition during lactation have
been described by Rook (1961) and Lampo, Willems and Vanschoubroek
(1966). The initial secretion of colostrum for about 4-5 days
after parturition contains more minerals, total protein, casein
and whey proteins with variable amounts of fat and less lactose
than milk, Peak milk yield is usually attained 2-8 weecks after
calving. Fat and protein decline in concentratinn during the first
6 weeks of lactation, then gradually increase until close to the end
of lactation when they increase rapidly. Inverse changes occur in
lactose content. N.Z. data (J.B. Hutton, unpublished) depicting
these trends are shown in Fiés, 1 and 2, include climatic and
nutritional influences., The increase in protein after the sixth
month of lactation is associated with pregnancy since the change
only occurs if the cow is pregnant (Wilcox, Pfau, Mather and Bartlett,
1959).  Hutton (1958) suggested these changes in milk yield and
composition with advancing pregnancy were associated with increasing

levels of blood oestrogen.

2.1.3 Age of cow

Several studies (Waite, White and Robertson, 1956; Legates,
1960; Rook, 1961) have indicated that fat content decreases by about
0.2 percentage units and SNF by about 0.4 percentage units over the
first 5 lactations, The fall in the SNF content has been shown to
be due to a drop in lactose percentage (Waite et al, 1956) and in casein
(Robertson, Waite and White, 1956). N.Z. data (Anon., 1975) clearly
shows that milk fat concentration declines and milk fat yield

increases with age (Table 3).
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TABLE 3. Effect of age on milk fat yield and concentration.

AVERAGE PRODUCTION

Age of Cow Ayrshire Friesian I Jersey l M. Shorthorn
M’fat  Milkfat . Days |M’fat  Milkfat Days |M’fat  Milkfat Days |M’fat Milkfat Days
% . kg in milk % kg in milk % kg inmilk | % kg inmilk
2 years ... 4.30 113 261 4.09 138 273 5.51 122 259 4.16 100 249
3 9, - 4.26 128 257 4.07 159 274  5.57 137 256 4.10 117 254
4 e e 424 139 260 4.06 177 275 5.55 149 257 4.07 129 254
S5y e e 422 148 263 4.02 188 277  5.54 159 261 4.03 142 263
6 4 e e 4.22 157 265 4.01 193 276 5.51 162 262 4.01 143 262
T - e 4.20 155 264 3.95 192 277 547 163 261 3.97 146 260
8 e .. 415 153 262 3.94 194 278  5.46 165 264 3.97 145 263
9 e ... 420 155 262 3.94 191 276  5.41 161 261 3.89 143 266
10 years and over 4.14 145 258 3.89 180 272 5.31 153 259 3.87 134 261
Average—all ages  4.23 137 261 128 257

4.02 171 275 5.50 145 259 4.03

Source: Anom. (1975)
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Legates (1960) suggested these changes in composition may
reflect udder deterioration either as the result of increasing
incidence of mastitis, or of slight physical damage with age.
0'Donovan, Dodd and Neave (1960) found little depression in milk
fat content, but an average decrease of SNF content by 0.1 percentage
units between consecutive infection-free lactations indicated this

may be a specific effect related to age.

2.1.4 Climatic effects

Pronounced variations in milk yield and composition occur
over seasons in N.Z. as shown in Table 4 and Figs. 1 and 2, but
these effects are complicated by nutritional factors as well as
stage of lactation.

Campbell, Flux and Patchell (1955) have shown that SNF values
are relatively low in winter and summer for autumn and spring
calving cows, respectively, but are high during spring when pasture
of high quality is abundant.

Environmental temperature. between 18 to 30 °c is without
effect on milk composifion (Wayman, Johnson, Merilan and Berry,
1962) although effects have been reported at temperatures outsidé

this range (Cobble and Herman, 1951).

2.1.5 Disease

Mastitis can greatly influence the cowmposition of milk by
altering the permeability of udder tissue and its ability to
synthesize milk constituents, 1Infection decreases fat, casein and
lactose content and results in blood proteins appearing in the milk

(Barry and Rowland, 1953). Recovery is rapid after therapy



TABLE 4. Seasonal variations in the daily yield and composition of milk.

i TEST DAY AVERAGES | _

T T B e
I Sept. Oct. .| Now. Dec. | Jan. l Feb. ‘ March [ April | ’

YIELD (lb. day) (Ib.)

Milk I J 24.5 24.6 23.3 20.3 204 16.0 9.4 6.2 4,341

F 33.0 28.7 28.8 248 27.1 17.1 14.0 7.2 5,420

Total solids .. o J 3.55 3.62 343 3.03 3.02 245 1.50 1.05 649

F 4.19 3.64 3.75 3.17 3.50° 2.21 1.89 1.09 703

Fat _. — J 1.24 1.29 1.22 1.10 1.11 0.92 0.61 0.47 239

X F 1.27 1.12 1.17 0.98 1.10 0.73 0.63 0.41 223

Solids not fat . J 2.31 2.33 221 1.93 1.91 1.50 0.89 0.58 410

. F 2.92 2.52 2.58 2.19 2.40 1.48 1.26 0.68 480

Protein - J 0.93 0.94 0.90 0.79 0.80 0.63 0.38 0.28 170

F 1.09 0.95 1.00 0.83 0.94 0.56 0.51 0.22 182

Lactose J 1.18 1.21 1.13 0.98 0.98 0.75 0.43 0.25 207

F 1.54 1.36 1.36 1.16 1.25 0.79 0.67 0.24 252

% COMPOSITION . o

Total solids ... J 14.5 147 14.7 14.9 148 15.1 15.9 16.9 14.9

F 129 12.7 13.0 12.8 12.9 129 135 15.1 13.0 .

Fat J 5.1 52 52 54 54 5.8 6.5 7.6 S.5

F 38 39 4.1 4.0 4.1 4.3 45 5.7 4.1

Solids not fat J 9.4 9.5 9.5 9.5 94 9.4 9.4 9.7 9.4

F 8.9 8.8 8.9 8.8 8.8 8.6 8.9 9.1 8.9

Protein J 3.8 38 39 39 39 39 4.1 4.5 39

F 33 33 34 33 34 33 3.6 4.1 34

Lactose J 4.8 49 4.8 48 4.8 4.7 4.5 4.2 438

F 4.7 4.7 4.7 4.7 4.6 4.5 4.7 4.0 4.7

WNoti: (1) Figures are for two-year-olds only—808 Jerseys (34 herds) and 149 Friesians (6 herds) tested in alternate months.
(2) F denotes Friesian and Friesian-cross cows.
J ” Jersey cows.

Source: Anon. (1969)

L=
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(Rowland, Neave, Dodd and Oliver, 1959) and as a consequence the
overall effect of mastitis on milk composition is small. Although
the influence of undetected subclinical mastitis on milk yield can
be significant (Philpot, 1976), its effect on milk composition
remains in question. Other metabolic diseases such as ketosis may
also be associated with changes in milk yield and milk composition
(Campbell et al.1955; McCarthy, Porter and Griel, 1968;

Kronfeld, 1976).

2.1.6 Effects of milking

Cows milked three or four times daily produce more milk than
when milked twice daily (Elliot, 1959) with no apparent change in
milk composition. The results are apparently due to the stimulatory
effect on milk synthesis of milk removal (E1lliot, 1961).

During milking, fat content increases with little change in the
contents of protein or lactose (Johansson, 1952)., Milk yield and
composition at a single milking are affected by the duration of the
milking interval, When cows are milked twice daily, a longer
interval at night has been shown to result in higher yields of milk
in the morning with lower concentrations of milk solids, especially
fat (Johansson and Claesson, 1957; Ormiston Spahr, Touchberry and
Albridge, 1967). The differences in milk yield and milk fat content
have been attributed to "residual milk"* effects rather than rate
of synthesis which has been shown to be linear up to approximately
16 hours (Schmidt and Trimberger, 1963)., "Residual milk" has an
exceotionally high milk fat content which increases with a longer

milking interval (Wheelock, Rook, and Dodd, 1965).

* Residual milk is that not removed by normal milking orocesses

and amounts to 10-20 7% of the original volume,



- 13 =

It follows that at any one milking, incomplete removal of milk
will lower the fat content of milk removed, In practice however
there will normally be compensation at the next milking.
Ormiston‘gi_gk.(1967) compared equal and unequal milking intervals
with twice daily milkings and showed there were no consistent overall
differences in milk composition. Only when there is failure to
remove milk over extended periods such as two successive incomplete
milkings, or by missing a milking, will there be a decrease in net
milk yield (Dodd and Clough, 1962) and in milk composition (Wheelock,

Rook, Dodd and Griffin, 1966).

2.1.7 Excitement

Periods of excitement or stress caused by environmental or
physiological factors such as noise or oestrous have variable effects
on the yield of milk and milk composition. The effects, mediated by
hormones, are only temporary (Flux, Folley and Rowland, 1954;

Cross, 1966; Dorotyuk, 1965).

2.2 NUTRITIONAL FACTORS AFFECTING MILK YIEPD AND CONPOSITION

It is widely recognised that alterations in feeding levels and
composition of the diet induce changes in the yield of milk and its
constituents (Campbell and Dolby, 1959; Rook, 1961; Huber and
Bowman, 1966a; Kirchgessner, Friescke and Koch, 1967; Broster,
1969, 1972; Balch, 1972; Thomas, 1975). The majority of
evidence presented in these reviews has been based on work carried
out overseas on forage-concentrate diets. As a consequence, two
features require emphasis; first is the lack of information on the

effects of forages on milk yield and composition when fed as sole
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rations or in conjunction with other forages. Secondly, in many
cases, the different treatments were obtained by alterations to the
level of supplement or type of supplement. Also supplements were
often fed according to milk yield, therefore the effects of level of

feeding and type of diet were generally confounded.

2.2.1 Variations in milk vield and composition

Nutrition is known to be an important factor influencing
variations in the yield of milk and milk composition. Stocking
rate experiments conducted by Hancock (1958); McMeekan and Walshe
(1963), and Hutton (1974) have shown that increasing stocking rates
have been associated with lower yields of milk and fat produced per
cow., TFigs. 1 and 2 illustrate the average yield of milk and milk
composition of 18 sets of monozygous twins at two different stocking
rates. Milk yield and milk protein concentrations are consistently
less and milk fat concentrations are higher for cows at the higher
stocking rate. These differences are associated with a consiétently
lower intake of digestible nutrients, However, quantitative
differences in nutrient intake were possibly not the only cause of
the variations in milk yield and composition,since variations in

pasture quality may also have affected responses in milk production.

2.2.2 The effect of level of feedins on milk yield and composition

2.2.2.,1 Effect of precalving feeding level

It is widely recognised that the level of food intake in
late pregnancy affects the subsequent level of milk synthesis
(Broster, 1971). This generalization has been supported by N.Z.

work with diets of pasture or mixtures of pasture with hay or silage
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(Campbell and Flux, 1948; Lees, McMeekan and Wallace, 1048;
Flux, 1950; Patchell, 1957; Wallace, 1958; Hutton and Parker,
1972).

In all cases,‘increased intakes of pasture or conserved
pasture in late pregnancy consistently increased milk yield and

percentage of fat and SNF and increased live weight loss in early

lactation.

2.2.2.2 Effect of feeding level after calving

Riddet, Campbe", McDowall and Cox (1941), reduced the
amount of concentrate offered with a basal ration of hay to cows
ard observed a significant fall in milk yield, and the concentrations
of SNF and protein, but no effect on milk fat percentage. Similar
results were found for cows in both early and in late lactation.

In subsequent experiments Flux and Patchell (1954, 1957) and
Patchell (1957) varied post calving feeding by varying the quantities
of pasture and hay or silage offered to groups of cattle. The results
agreed with those of Riddet et al. (1941) with the exception of milk
fat percentage which increased when the level of feeding decreased.

Further evidence of an effect of pasture intake on milk yieid
and composition was provided by Hutton and Parker (1966) who found
that increasing grazing time from four to twenty hours per day
resulted in cows producing more milk with a lower fat, and-a higher
SNF percentage.

In another experiment Hutton and Parker (1972) varied the
amounts of pasture offered to groups of cattle in early lactation
so that the feeding levels approximated that expected to be available

under moderate and high stocking rates over the first eight weeks of
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lactation, Differences in milk yield and milk composition were
small, In the second year of the experiment cows at the lower
feeding level had- a lower milk fat percentage in the second month

of the treatment period. It is of interest that the lower level

of pasture feeding in this trial produced effects on milk composition
which contrast with fhose of Patchell (1957) who also imposed two
levels of pasture feeding. Further evidence of the effects of
grazing cows in early lactation at different grazing intensities

was reported by Hutton (1973, 1975). Increasing grazing intensities
to reduce intake by 20 % resulted in a drop of 13 % in milk yield

and a decline in milk protein content,

In a recent experiment (T.E.Trigg, unpublished) identical
twin cows were grazed each day on areas of pasture calculated to
provide either sufficient food to satisfy appetite or one half of
that amount. Over the first 5 weeks of lactation the cows offered
more food produced 46 % more milk with a significantly higher milk
protein percentage and milk lactose percentage and a lower milk fat
percentage.

In contrast Fisher, Donnelly, Hutton and Duganzich, (1975) fed
dairy cows a mixture of pasture and silage (1:1 on a dry matter (DM)
basis) at 100 %, 75 %, or 50 % of their individual intakes
established on that food in a preliminary period, and found that
although milk yield decreased with feeding level, the changes in
fat and protein contents were small and not significant. Lactose
percentage was however significantly less at the restricted feeding
levels in comparison to unrestricted feeding.

The results of these experiments suggest that feeding

different levels of forages are associated with variations in the
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yield and composition of milk. This is not surprising as
variations in intake are likely to be reflected as differences in
the quantity and quality of precursors for milk synthesis reaching
the memmary gland. Differences in forage quality and extent of
body tissue mobilization may account in part for variations in the

magnitude and nature of the responses between the experiments.

2.2.3 Tffects of diet on milk vield and compvosition

2.2.3.1 Effects of concentrates fed with roughages

Variations in milk yield and ﬁilk composition have been shown
to be associated with supplementing roughages with concentrates.
Powell (1938, 1941) showed that a reduction in the proportion of
roughage in the diet of dairy cows resulted in a fall in milk fat
concentration without any change in milk yield, Subsequently
McClymont and Paxton (1947) observed that cows grazing young leafy
oats and receiving concentrates had an abnormal low milk fat
percentage unless a coarse roughage was also fed., Although intakes
were not measured, these experiments indicated that diet may have
a specific effect on milk fat in contrast to the previous belief
that milk fat percentage was inversely related to yield
(McDowell, 1936), Nordfeldt (1966) fed cows at different levels
on different ratios of hay or silage with concentrates, where the
roughages constituted 70, 55, 40, and 25 % of the total diet.
Maximum milk yields were achieved when the roughages constituted
40 % of the diet indicating a specific diet effect. This
experiment also indicated that as the level of silage in the ration

increased, the concentrations of fat and protein in rilk decreased.
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Hay had no such effect, This suggests that there may be a
difference between forages in their influence on milk yield and
composition,

Further evidence of the influence of concentrates in the
ration on milk production was provided by Hotchkiss, Jacobsen and
cox, (1960). Different ratios of hay and concentrates were offered
at several feasding levels. Cows fed rations with a high
proportion of hay (75 %) produced less milk with a lower protein
content but had no effect on milk fat percentage. A similar
experiment was carried out by Flatt, lioe, Moore, Hooven, Lehmann,
¢rskov and Hemken (1969) who fed cows on mixtures of alfalfa hay
and concentrates (60:40; 40:60; 20:80), They found that
increasing the proportion of concentrates in the ration did not
increase the intake of digestible energy by the cows, but it did
lower the percentage of fat in the milk, and reduce tissue
mobilization. The yield cf milk and SNF percentage was not altered
by diet. Where the diet is rich in fermentable carbohydrates and
the amount of roughage is low, depression in milk fat percentage may be
pronounced. Emery, Brown and Thomas (1964) fgund when concentrates
formed 80 % of the diet, milk fat content fell, irrespective of
the roughage type. The effect on fat content may also be caused
by reducing the particle size of the fibre and can occur independantly
of a change in milk yield. This "low milk fat syndrome'" has been
discussed elsewhere (Davis and Brown, 1970; Storry, 1970;
Annison, 1976) and the response apparently varies widely between
animals and is associated with a marked increase in the proportion

of propionic acid in the rumen (Armstrong and Prescott, 1971).
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Evidence that concentrate supplements have a specific effect
on milk yield and composition of cows on pasture is limited.
Hutton and Parker (1967) fed different quantities of concentrates
to cows at a high and low grazing intensities, The results showed
slight increases in milk yield and decreases in fat percentage
were obtained with increasing amounts of concentrates but these
effects were only significant when the pasture supply was low.
Taparia and Davey (1970) found that when cows were fed
ad libitum on pasture, the addition of concentrates had no
significant effects on milk yield, milk fat percentage or SNF

percentage.

2.2.3.2 Effect of forage diets on milk yield and composition
Although there is evidence that qualitative factors in mixed
forage and concentrate diets can influence milk yield and
composition much less is known about the effects of forages when
fed alone or in combination.
(a) The effects of pasture
Wilson and McDowell (1966) observed that cows grazing Ruanui

ryegrass (Lolium perenne, "Grasslands Ruanui") in the spring

produced less milk with a higher milk fat percentage than two other
ryegrass varieties grazed at a similar stage of growth. Wilson
and Dolby (1967, 1969) observed differences in the composition of
milk from cows grazing different varieties of ryegrass, pasture
differing in maturity, and pasture receiving different rates of N
fertilizer. Hutton and Parker (1966) observed that increasing

the proportion of hay in a hay and pasture ration resulted in less
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milk with a higher content of fat and lower content of SNF.
However in all these experiments the effects of type of ration are

inseparable from those of level of intake,

(b) The effects of silage

The feeding of pasture silage ad libitum to grazing cows during
a summer drought was observed to arrest the decline in milk and
fat yields but made iittle difference to the decline in the
concentration of SNF in milk (Campbell, Flux and Patchell, 1955).
Wallace and Parker (1966) reported a study in which two groups of
cows were fed either pasture or pasture silage to appetite in the
first 6 weeks of lactation. In that period the cows offered
silage produced only half the level of milk fat of the other
group and had very low intakes of silage, averaging only 6.3 -
T3 kg DM per day.

Further comparisons of silage offered to appetite as a sole

diet and with either meal or choumoellier (Brassica oleracea),

showed milk yields and the SNF and protein contents in milk were
significantly less from feeding silage alone than from more
adequate diets of silage plus meal, (Flux and Patchell, 1950).
Since the low responses with silage alone were associated with a
marked drop in dry matter intake it was not possible to determine
if differences in ration quality contributed to decreased
productions.

The consequences of providing approximately 25 % of a ration
as maize silage or pasture silage for cows grazing pasture restricted
to about 75 % of appetite was compared with cows fully fed on

pasture (Hutton, 1975). Both supplements prevented the fall in
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milk yield and protein percentage observed when no supplements were
fed. However it was calculated that more of the supplements were
required than pasture to produce each additional increment of milk
above that obtained from 75 % of full feeding of pasture. In a
further experiment (Hutton, 1975) groups of cows were rationed
pasture so that it pfovided either + or % or their requirements and
the balance was provided either as maize silage or pasture silage.
Milk fat production was the same for both silages, but grass silage
significantly depressed milk protein percentage at both levels of
supplementation. Since the digestibility of the dry matter was
found to be similar for each of the rations, this suggests
qualitative differences between the rations may have caused the
responses in milk production,

Bryant and Donnelly (1974) compared cows fully fed>on pasture
with cows fed 75 % pasture and 25 7% silage. Supplementing with
silage resulted in a significant fall in milk yield but an
associated fall in milk protein content, and a rise in milk fat
content, were not significant. Because silage caused a
significant fall in digestible energy intake, any qualitative effects
of the ration could not be discerned. 1In the same experiment,
increasing the proportion of maize silage to pasture fed cows was also
found to be associated with decreasing intakes, milk yields and
milk protein contents in the first year of the trial. In the
second year however, cows fed on the 1:3 maize silage and pasture
nixture produced similar yields of milk with the same protein
content as cows on pasture despite significantly lower intakes of

digestible energy, indicating in this case the response was possibly

mediated by diet quality.
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Fisher, et al. (1974) fed lactating cows a constant ration of
pasture and -silage (1:1, on a DM basis) at levels of

100 %, 75 %, 50 % of appetite. Milk yields and milk lactose
percentage decreased but milk fat percentage and milk protein
percentage was unaltered despite an average decrease in digestible
energy intake (DEI) from 31.3 to 16.5 MJ per day. These effects
of feeding level on milk fat percentage and milk protein percentage
are in marked contrast to those observed for pasture fed cows
(Hutton, 1975; T.E. Trigg, unpublished) which increased milk fat
percentage and decreased milk protein percentage as food intake
decreased. This suggests silage may have a specific effect on
milk fat and protein synthesis..

Further evidence of silaze having a quality affect on milk
composition was indicated in two experiments which compared silages
of different chemical composition arising from treatment variations
in consolidation and air exclusion during manufacture (Hutton,

Jury, Hughes, Parker and Lancaster, 1971; Lancaster, Hutton,

Hughes and Marshall, 1974). Small but significant increases in
intake were observed for those silages regarded as the least stable,
having the highest pH and highest levels of ammonia. The increases
in intake were consistently related to increased milk fat percentage
but not to SNF percentage or milk protein percentage. The SNF
percentage and milk protein percentage of cows on all silages

were consistently low during the experiments in comparison to the
levels obtained in the pre and post experimental periods when the

cows viere grazing pasture,
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(¢) Recapitulation

Evidence from grazing trials suggests that level of pasture
intake may effect milk yield and composition., There is ruch less
evidence to suggest that qualitative factors in pasture may affect
milk yield and composition independantly of intake, Eowever
several observations suggest that silage may have specific dietary
effects on milk composition. Milk protein and SNF content of cows'
milk appear to be consistently low when cows are fed on silage diets,
and these constituents do not appear to be related to food intake
in contrast with other diets, Moreover the limited evidence
indicates milk fat content may be also affected by qualitative
factors in silage since variations with intake appear to be
inconsistent.

Evidence on which to base possible mechanisms to account for
these effects will now be examined., The effects of diet and
level of feeding on milk synthesis, digestibility, metabolizability,
and on the extent, rate, and site of energy, protein and fat digestion
are considered. Calorimetric‘studies have shown that diet can
markedly affect the efficiency of utilization of metabolizable
energy for milk synthesis (Coppock, Flatt and Moore, 1964a,b;
Tyrrell, Moe and Flatt, 1970; Moe and Tyrrell, 1971; Tyrrell and
Voe, 1972). However these studies in themselves do not necessarily
indicate the mechanisms accounting for the effect of diet on

milk composition,
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2.3 EVIDENCE INDICATING POSSIBLE MECHANISMS ACCOUNTING FOR EFFECTS

OF LEVEL OF FuEDING AFND TYPE OF DIET ON MILK COMPOSITION

2.3.1 Effect of diet and level of feedinr on milk synthesis

Milk is synthesized in the mammary gland from precursors
absorbed from the blood. The main precursors are acetic acid,
B-hydrozy butyrate, glucose, essential and non essential amino acids
and long chain fatty acids. They are either the end-products of
digestion, in some cases modified by metabolism in the rumen
epithelium or liver, or the result of catabolism of body tissue.
Since diet and feeding level effect the absolute and relative
quantities of nutrients available for absorption it follows these
factors will have a direct influence on the quantities and the
proportions of nutrients in plasma available for mammsary uptake.

Although indentification of the main precursors has helped to
clarify the importance of the products of digestion in milk synthesis,
the mechanisms for the control of synthesis are still not clearly
established. Many of the investigations of diet on milk

composition have been undertaken with diets specially selected to

v

exaggerate the changes in milk composition. In general these have
contained high levels of grain and may give a misleading impression
of the quantitative importance of di;tary effects where forages are
used exclusively. Furthermore much of the present knowledge of
diet on products of digestion, absorption, anrnd utilization has been
obtaired in experiments involving sheep and goats, rather than cows;
with limited numbers of animals, and extensive surgical modification.
Proposed mechanisms to account for the effect of diet on milk
compositicn must be regarded as speculative vhen applied to lactating

cows under grazing conditions,
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2.3.1.1 Mechanisms involved in milk protein synthesis

Increases in milk protein synthesis have been observed in
response to abomasal infusions of casein in cows receiving diets
containing adequate protein according to nutritional standards
(Broderick, Kowalczyk and Satter, 1970; Hale, Jacobsen and Hemken,
1972; Spechter, 1972; Clark, Spires and Derrig, 1973; Spires,
Clark and Derrig, 1973; Derrig, Clark and Davis, 1974; Vik-mo,
Emery and Huber, 1974; Spires, Clark, Derrig and Davis, 1975).
Since casein infusions were not serving primarily as an energy
source in the studies of Clark et al. (1973), Spires et al. (1973),
Vik-mo et al. (1974), these results indicate milk protein synthesis
was limited by the supply of one or more amino acids.

Although abomasal infusions of casein have consistently
increased milk protein yield, the degree to which they have affected
milk yield or milk protein content has been variable. Thomas (1975)
suggested the variation possibly reflects differences in the degree
to which casein affects lactose synthesis, and hence milk yield, by
changes in the supply of glucogenic amino acids. Administration
of essential amino acids either singly or in qombination by post-
ruminal or intravenous infusion has not given consistent resvponses
in milk protein synthesis (Teichman, Caruolo and Mochrie, 1969;
Williams, Martz and Hilderbrand, 1970; Fisher, 1969, 1972;

Schwab and Satter, 1973, 1974; Schwab, Satter and Clay, 1976) and
the factors in the casein causing the increase have not been identified.

Variation between cows and diets may account for the variable

responges obtained. The amino acids available for milk production

and/or milk protein synthesis will be affected by feed proteins,
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which differ in their amino acid composition, and the extent to
which they are degraded in the rumen (Schwab et al. 1976). Diets
that increase rumen proportions of propionate and depress milk fat
content may also increase milk protein content (Huber and Bowman,
1966b).  Rook and Balch (1961), and Rock, Balch and Johnson (1965)
and Wilson, Davey and Dolvy (1967) have shown that rurmen VFA's
nay have specific effects on milk protein synthesis. Intra-ruminal
infusions of propionic acid given to cows increased milk protein
content with little change in milk yield whereas infusions of
acetic acid increased milk yield with no change in protein content.
Thomas (1975) suggested acetic acid improved milk protein yield by
providing additional ATP since the yield of lactose and milk was
also increased., The effect of propionate is obscure since it
would have also provided additional glucose to the udder but the
yield of milk or lactose was not affected. This may be due to
the limited use of glucose in the uddsr for ATP production
(Smith, 1971). Halfpenny, Rook and Smith, (1969) and Clark,
(1975) have suggested in those.instances where increased milk protein
yields have been associated with increased rumen propionate levels,
the increase in milk protein yield may have been due to more
propionate being available for glucose synthesis, sparing
gluconecgenic amino acids for-protein synthesis.

There is no evidence in the literature as to why milk protein
content increases with increasing intake of rations of constant

composition,
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2¢%+1,2 Mechanisms involved in milk fat synthesis

Milk fatty acids may be derived by de novo synthesis from
acetate and B-hydroxy butyrate (Cq-C1g acids) or directly from
plasma triglycerides (012-018 acids) which are derived from body
reserves, de novo synthesis, or diet (storry, 1970; Bickerstaffe,
1971; Storry, 1972).

Present evidence indicates that the fat content in milk is
relatively insensitive to dietary change when there is no
pronounced effect on the proportions of ruminal VFA's (Storry,
1970; Thomas, 1975; Thomas and Kelly, 1976). Intraruminal
infusion of acetic or butyric acids have produced increases in fat
yield and content (Rook and Balch, 19613 Wilson et al. 1967).

It is possible that variations in de novo synthesis of milk fat
occur primarily through variations in the supply of acetate and
B-hydroxy butyrate which have svecific roles in the synthesis of
C4-C1g fatty acids in milk fat (Smith, McCarthy and Rook, 1974).

On milk~fat depressing diets there is only partial recovery
to intraruminal infusions of acetic or butyric acid (Storry and
Rook, 1966). This has been explained as an indirect effect of
propionate since on these diets increases in ruminal propionate
proportions accdmpany falls in acetate and/or butyrate (storry
and Rook, 1966; Storry, 1970).

Annison, Bickerstaffe and Linzell (1974) observed when diets
which increase ruminal propionate levels were offered to cows,
glucose entry rates and blood glucose levels increased, and levels
of acetate and B-hydroxy butyrate in blood decreased. The
decreased fat content of the cows milk was associated with a

reduced mammary uptake of acetate, B-hydroxy butyrate and plasma
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triglycerides. Annison et al. (1974) suggested that increased
glucose production stimulates lipogenesis and decreases lipolysis
in adipose tissue.which in turn would reduce lipoprotein synthesis
in the liver and the availability of other fat precursors to the
udder, This is supported by the observations that intraruminal
infusion of propionic acid (Rook and Balch, 1961; Wilson et al.
1967), intravenous infusion of glucose (Vallance and McClymont, 1959;
Storry and Rook, 1965),and intra-abomasal infusion of glucose
(drskov and Fraser, 1974) depress milk fat secretion. Moreover
Baldwin, Lim, Cheng, Cabrera and Ronning (1969) have shown increased
activities of enzymes involved in lipogenesis in adipose tissue of

animals on fat depressing diets,

2.3.1.3 Mechanisms involved in milk lactose synthesis

Glucose is a specific precursor for lactose synthesis in the
udder (Dimant, Smith and Lardy, 1953; Reiss and Barry, 1953;
Struss, Peterson and Vix, 1964; Bickerstaffe, Annison and Linzell,
1974). Since only small amounts of glucose are absorbed from the
gut of animals on forage diets (Hungate, 1966) and glucose is
indispensible for milk production, VFA's are utilised as a major
source of glucose or to spare glucose use. Gluconeogenesis is
therefore a major metabolic activity in ruminants, and vpropionate
and amino acids (Bergman, Rowe and Kon, 1966; Leng, Steel and
Luick, 1967; Annison, 1970; Leng, 1970a; Wolff and Bergman, 1972)
are the major precursors of glucose,

Although there is limited data on the control of gluconeogenesis

in tHe ruminants, insulin and glucagon probably have key roles in
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homeostatic regulation. This topic was reviewed by Bassett (1974)

who stated: "Insulin stimulates the uptake and utilizatipn of

glucose by many peripheral tissues, inhibits gluconeogenesis and
glucose release from the liver, stimulates the uptake and incorporation
of amino acids into protein, inhibits proteolysis, stimulates
lipogenesis and inhibits lipolysis". Alsc he discussed the role

of glucagon in promoting hepatic gluconéoéenesis which accelerates
glycogenolysis, thercby counteracting the effects of insulin,

It appears that regulation of insulin and glucagon in ruminants
by plasma levels of glucose, amino acids, and VFA's, may be relatively
unimportant but events such as secretion of gastro-intestional
hormones may be important (Bassett, 1974).

In lactating cows the rate of entry of glucose into blood equals
the rate of removal; 85 % of which is by the udder (Xronfeld, 1976) .
Thus plasma glucose concentration is regulated, and the controls
include the rate of endogenous glucose production, This is retarded
by the product, and accelerated by the substrates. As the rate of
glucose production increases so do the rates of mammary glucose
uptake and milk secretion, Thus increased food intake or highly
glucogenic rations tend to promote milk production.

Since the milk secreted is isotonic with blood plasma, and
lactose is the major osmotically active constituent synthesized by
the mammary gland (Rook and Wood, 1959), the fall in lactose yield
would lead to a decrease in the output of water and volume of milk
secreted, and to a consequent increase in fat and protein contents of
milk (Storry and Rook, 1962)., However severe underfeading may
cause a slight depression in the lactose content of milk (Rook and

Line, 1961). Rook (1976) pointed out that such effects depend on
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associated affects on milk yield, and occur from the decrease in the
relative contribution of lactose to the osmotic pressure of milk as

the volume of milk is depressed.

2.3.2 Effect of diet and level of feedinz on digestion

2.3.2.1 Bffect of diet and feeding level on dizestibility and

metabolizability

(a) TFeeding level

Marked falls indigestibility have been found with increased
feeding levels for diets of mixed roughages and grain (Tyrrell and
loe, 1975). Experiments with sheep on all forage diets also showed
a fall in digestibility with increased feeding levels (Blaxter, 1952).
The falls were greater for diets of low apparent digestibility (60 %
DM digestibility) although there were marked variations between
diets. Ratt?ay and Joyce (1969) and lMacRae and Ulyatt (1974)
found when sheep were fed pasture above T4 % DIt digestibility, feeding
level had little effect on DM digestibility. Further, when cows
were fed pasture ranging in DM digestibility values of 65-78 73,
differences in digestibility between different %eeding levels were
comparatively small (Hutton, 1962). Hutton (1962) has shown when pasture
intake of lactating cows differed by 60 7 the difference in the mean
digestibility coefficient was only 1.5 % units. No comparable data
are available for silage.

While the proportion of food energy lost as heat production and
methane are known to Jdecline as feeding level increases (Blaxter,
1962; Rattray and Joyce, 1969), the overall effect of feeding

level on the metabolizability of pasture appears to be small
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(Ulyatt, Dellow, Egan and Walker, 1973). The same appears true for
silage (Smith, Wainman and Dewey, 1975). Hence, if feeding level

of pasture has relatively small effects on ME value, then availability
of nutrients for milk synthesis will closely be reflected by intake
levels, However changes in milk quality with feeding levels may
result if there are changes in the efficiency of nutrient use for
synthesis of milk components as may be caused by changes in the site

of digestion and the quality of digestion end-products.

(v) Diet

The digestibility of the dry matter and energy contents of
pasture may vary from a maximum in spring to a minimum value in
mid summer (Wallace, 1961; Hutton, 1962). This is largely due to
advancing maturity which is associated with an increase in the
indigestible lignin fraction in cell walls and a decrease in the
proportion of diéestible cell contents such as soluble carbohydrates
and proteins. The digestibility of pasture may also be influenced
by the pasture species present since at the same stage of growth
there are differences in their digestibilities and in practice these
differences may be largely due to differences iﬁ their maturity
dates, (Minson, Raymond and Harris, 1960; Minson, Harris, Raymond
and Milford, 1964). Because stage of growth and botanical composition
are major factors affecting digestibility of pasture, grazing can
greatly influence the digestibility of the pasture.

Changes in digestibility when pasture is directly ensiled have
been shown to be small (Harris and Raymond, 1963; Demarquilly, 1973;
Dulphy and Demarquilly, 1973; McDonald and Edwards, 1976). Although

there are small increases in the concentration of structural

carbohydrates, these are apparently compensated by an increase in
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the digestibility of these fractions (Jackson and Anderson, 1968;
Demarquilly, 1973).

Comparisons of silage and pasture have also shown thsse foods
to have similar ME values (Jackson and Anderson, 1968; licDonald,
Eenderson and MacGregor, 1968; Jackson, 1971).  Although silage
has a higher gross enérgy content than pasture, similar M@ values
are due to increased urine energy losses as there appears to be
little effect on methane production (McDonald and Edwards, 1976).

If silage does have specific effectson milk production then
these effects must also be mediated by changes in the efficiency of
utilisation of metabolizable energy for milk synthesis. This
could arise from differences in the site of digestion aﬁd the

quality of the end-products of digestion.

2.3.2.2 Effects of diet and level of fezding on rate and site of

digestion

Diet and feeding level of forages have been shown to affect
the rate and site of digestion. Ulyatt and MacRae (1974) found when
different pasture species of similar apparent digestibility were
offered at similar levels to sheep, the amounts of organic matter
digested in the stomach region and in the small intestine were
different. Also as the level -of intake increased the relative
amounts of each species digested in the stomach and small intestine
differed. Flow rates through the rumen of digesta derived from
these pasture species were different (Ulyatt, 1969) and all were

rapid in comparison to value vublished for long, dried forages

(Minson, 1966; Yeston and Hogan, 1971).
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Beever, Thomson, Pfeffer and Armstrong, (1971a) compared the
sites of energy digestion of fresh grass and unwilted silage in
sheep and found that slightly less apparent digestible energy
disappeared in the stbmach (57 % v. 63 3) and more in the small
intestine for the silage ration although this difference was not
significant.

The significance of such observations'is that differences may
arise in the quality =nd quantity of the end products of digestion.
Moreover, any increase in the proportion of the diet that is
digested in the small intestine is likely to lead to increased
efficiency of utilisation, particularly of protein (Blaxter and

Martin, 1962).

2.3.2.3 &ffect of diet and feeding level on VF@A production

Negligible amounts of soluble carbohydrate are digested post-
ruminally on silage and pasture diets (Beever et al, 1971a;
Ulyatt and MacRae, 1974), therefore VFA's are the major energy
source for the animal and are the major end-products of rumen
digestion of structural carbohydrate. Bxperiments with sheep fed
on a wide range of forage diets have shown that VFA's comprise
60-80 7 of the daily IS intake (Annison and Aymstrong, 1970).
On pasture diets Ulyatt et al. (1973) have shown that VFA's account
for approximately 75 % of the energy digested in the stomach whereas
Beever, Thomson and Harrison (1974) suggested that the value for
silage may be as low as 55 %, There may be differences between
pasture and silage in the efficiency of rumen fermentation.

Beever et al., (1974) demonstrated the fraction of digested energy

as rumen VFA's was improved when silage was treated with formaldehyde.
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Ulyatt and MacRae (1974) found the efficiency of conversion of
digested energy for VFA production was slightly higher when the
feeding level of ryegrass and clover diets was reduced. However
combining the data derived from clover and pasture diets they showed
that VFA production rate was linearly related to the amount of energy
digested in the stomach and closely resembled estimates based on
Hungate's (1965) theoretical stoichiometrié relationships for

rumen fermentation of carbohydrate.

2.3.2.4 EBffect of diet and feeding level on rumen fermentation

pattern

Some mechanisms proposed for milk synthesis based on mixed
concentrate and forage diets have indicated the relative proportions
of rumen VFA may be important determinants. There is good evidence
that in most situations the concentrations of each VFA is correlated
with its production rate, and that the molar proportions closely
reflect their relative rates of uptake (apart from some small
interconversion of VFA) especially on forage diets (Leng, 1970b).
However the extent to which the absorbed VFA contribute to milk
synthesis will depend on overall body energy metabolism,and the
relative contribution of endogenous sources of milk Precursors.

For instance in sheep the contribution of endogenous acetate to
total entry rose from about 20 % in the fed animal %o 50 % when
fasted (Bergman and Wolff, 1971).

As indicated in the following two sections, there are few
reports comparing various types of roughage as sole diets for
lactating cows. Where comparisons have been made, detailed data

on changes in concentrations and proportions of VFA were not given.
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Interpretation of this limited data is further complicated
since variations in pH and VFA values in the rumen of the dairy cow

are caused by number of factors besides diet (Davey, 1965).

(a) Level of feeding on rumen VFA pattern

Bath and Rook (1963) noted a decrease in the proportion of
acetic acid and an increase in propionic acid when increased amounts
of a mixed hay and concentrate diet were offered. With hay alone
little change occurred in the proportions of the acids with increased
intake. Level of intake is without. significant effect on the
proportions of VFA in the rumen liquor of cows fed pasture (Davey,

1965) or sheep fed silage (Anderson and Jackson, 1971).

(b) Diet and rumen fermentation pattern

The effect of ration composition on the pattern of fermentation
in the rumen is well documented for mixed grain and roughage diets.
Severe changes in ration by increasing the amounts of grain and
limiting the amount of roughage usually increase rumen propionate
(pavis, Brown and Beitz, 1964; Schingoethe, Stake and Owens, 1973)
reduce the acetate to propionate ratio (Davis, 1967; Armstrong and
Prescott, 1971; Bauman, Davis and Bucholtz, 1971) and alter milk
composition (Beitz and Davis, 1964; TYousef, Huber and Emery, 1970;
Schingoethe et al. 1973). 1In contrast information on changes in
the VFA pattern of animals fed all forage diets associated with
milk composition changes is limited.

Bath and Rook (1965) have reported molar percentages for the
individual VFA's in the rumen of cows fed on roughages, Hay,
silages, and dried grass all gave hizh proportions of acetic acid

and silages tended to give a lower proportion of butyric acid
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and a higher percentage of branched chain acids., Davey (1965)
examined data from several experiments with sheep and cattle and
noted that despite.differences in the pastures examined at different
stages of maturity, the results were relatively uniform. The molar
percentages for cattle varied from 61.9 - 73.6 for acetic acid,
15.5 - 23.2 for propiohic acid, and 10.9 - 14.9 for butyric acid.
Comparisons of pasture and similar material after ensiling
have shown the diets had no consistent effects on the relative major
VFA proportions in sheep (Bryant and Lancaster, 1970; Anderson and
Jackson, 1971) although there was a tendancy for silage to be associated
with higher levels of valeric and branched chain fatty acids. In
a similar study Donaldson and Zdwards (1976) also found little
difference in the relative proportions of VFA. The only change was
a slightly higher level of acetic acid from pasture.
In those studies with concentrate and roughage diets, changes
in milk composition generally occur when there are marked changes
in the proportions of acetate and propionate in the rumen acids
(Hinders and Owen, 1963; Colenbrander, Bartley, Morrill and Deyoe and Pfost
1967; Armstrong and Prescott, 1971). 1In addition changes in the
molar proportions of VFA in the rumen are known to be associated with
decreases in rumen protozoa and saliva secretion accompanying marked
falls in rumen p¥ (Balch, 1958; KXaufmann and Rohr, 1966; Lawlor,
Geisecke and Valser-Karst, 1966; Sutton and Johnson, 1969; EFadie,
Hyldgaard-Jensen, Mann, Reid and Whitelaw, 1970; Earrison, Beever,
Thomson and Osbourn, 1976). 1In contrast rumen pH appeared to be
stable at about 6.5 - 7.0 for animals on pasture and silage diets

(Anderson and Jackson, 1971; Donaldson and Edwards, 1976).
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Thus in summary the limited evidence available suggests that
VFA proportions in rumen liquor are similar when pasture and silage
are fed and are not influenced by the level at which these materials
are fed. It therefore appears that if VFA proportions reflect the
pattern of fermentation, the latter is not a major factor
contributing to the differences in the composition of the milk from

cows fed pasture and silage.

2.3.2.5 Lffect of diet and feeding level on digestion of lipids

and on milk lipid synthesis

As indicated in section 2.2.4.2, VFA and B-hydroxy butyrate
are major precursors of milk lipids and the dietary factors influencing
their availability have been discussed in section 2.2.5.3.

Dietary fat contributes to the plasma triglycerides which are
used for the synthesis of the long chain fatty acids in milk fat
(storry, 1970). The amounts of dietary fat absorbed from the
small intestine of sheep have been shown to be affected by both
level of feeding and the type of pasture fed (Ulyatt and MacRae,
1974.  Moreoever cows supvlemented with fat by encapsulation
(Chandler, Robinson, Ripper and Fowler, 1973; Bartsh, Ellis,
McLean, and Radcliffe, 1976) or by duodenal infusion (Bickerstaffe
and Annison, 1971) increase milk fat yield. Scott and Cook (1975)
suggested that the amount of fat absorbed by the animal has a
direct bearing on energy use and milk fat synthesis,

However considering that relatively low levels of fat occur
in pasture (Hutton, 1962) and silage (KcDonald, Henderson and
MacGregor, 1968) and that plasma triglycerides can also be

synthesized de novo or be derived from body adipose reserves
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(Rook, 1976) the importance of dietary fat in forage diets on milk

composition appears to be low. Moreover the feeding of diets low
in fat do not necessarily depress milk fat synthesis but result in a
high proportion of the acids being synthesized in the mammary gland

(Virtanen, 1966; lacLeod and ood, 1972).

2.3.2.6 Effects of diet and feeding level on protein digestion

The main site of absorption of amino acids is ihe small
intestine and the major factors influencing the absorption of amino
acids from there are the flow of undigested protein from the rumen

and the ruminal synthesis of microbial protein.

(a) The effects of feeding level on protein digestion

On pasture diets the level of food intake by sheep has been
shown not to materially affect the apparent digestibility of dietary
nitrogen (Rattray and Joyce, 1969; NacRae and Ulyatt, 1274).
However the flow of amino N into the duodenum has been shown to be
closely related to feeding level (MacRae and Ulyatt, 1974).
Moreover the amounts of amino acids absorbed in the small intestine
were mainly dependent on the amounts reaching the duodenum since
digestibilities of amino acids in the small intestine were not
affected by feeding level.

MacRae and Ulyatt (1974) showed that feeding level may alter
the relative proportion of dietary nitrogen apparently digested in
the stomach and in the small and large intestine, however these
differences vere small,

There is no evidence that the quality of the amiro N absorbed

from the small intestine is influenced by feeding level. Ulyatt,
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MacRae, Clarke and Pearce (1975) showed that increasing the feeding
level of perennial ryegrass reduced the relative proportion of
dietary protein that was degraded in the stomach and increased the
amount of bacterial protein synthesized per unit of food intake.

No significant differences were detected between feeding levels in
the contribution of bacterial protein nitrogen to total protein
nitrogen entering the duodenum or in the amino acid composition

of this digesta although the range in intake was small.

(b) Effect of diet on protein digestion

MacRae and Ulyatt (1974) measured significant differences
between pasture diets,with a similar apparent nitrogen digestibility,
in the sites of apparent nitrogen digestion in sheep. Considerable
differences were measured in the relative amounts of amino acids
digested in the stomach region and in the small intestine. By

comparison 74 %

of the total amino acids ingested were apparently
absorbed from the small intestine by sheep fed Manawa ryegrass (I.olivm
perenne "Grasslands Manawa") whgreas only 51 % and 41 7% were absorbed
of those ingested in perennial ryegrass and clover respectively.

The main difference in protein digestion in the stomach was the
reduced loss of nitrogen as ammonia and increased bacterial protein
synthesis from Manawa (Ulyatt et al. 1975) suggesting the rumen
micro-organisms digesting Manawa were able to synthesize protein

from ammonia more efficiently. Since the percentags of dietary
protein that was degraded in the stomach was ap»roximately 70 A

for all herbages,the extra microbial protein resulted in an

increased flow of amino acids into the duodenum from Manawa.

Consequent qualitative differences in the protein quality
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entering the duodenum were reflected in small differences in the
digestibility of the amino acids in the small intestine which also
contributed to gquantitative differences in amino acid uptake at this
site.

The quality of the amino acids absorbed avtpear {o have a
significant effect on the utilization of protein by the animal.

Tor each additional unit of food nitrogen éupplied as perennial
ryegrass, Manawa or clover, 38, 43, and 42 7 respectively were
apparently absorbed from the small intestine as amino N and 6, 26,
and 24 % respectively were retained by the sheep (MacRae and Ulyatt
1974) .

These results demonstrate there can be marked differences
between forage diets in the efficiency of nitrogen utilization by
the animal depending upon the efficiency of microbial protein
synthesis in the rumen and on the quentity and quality of dietary
protein flowing into the duodenum.

These findings are supvorted by similar studies on nitrogen
digestion of forage diets with sheep fitted with re-entrant
canmlae (Hogan, 1965a; Clark, Zllinger smd Ph;}lipson, 1966
Hogan and Yeston, 1970; Coelho da Silva, Seeley, Thomscn, Beever
and Armstrong, 1972a,b; HMacRae et al. 1972; Harrison, Beever,
Thomson and Osbourn, 1973; Beever, Thomson and Harrison, 1974)
and by some limited studies with fistulated cows (van't Klooster
and Boekholt, 1972; Tamringa, 1973; Haegmeister, Kaufmann and
Pfeffer, 1976; Hvelplend and Moller, 1976).

Coelho da Silva et al.(1972a,b) found a significant correlation
between the quantities of total amino acids presented at the

duodenun and absorbed within the small intestine. This however
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was not substantiated by Harrison et al. (1973) who suggested
discrepancies could be due to differences in the protein quality

of duodenal digesta of sheep on different diets. They found marked
increases in the concentrations of essential amino acids, varticularly
lysine and methionine in duodenal digesta on some diets, and these
essential amino acids were preferentially absorbed in the small
intestine relative to the non essential amino acids, Purser (1970);
MacRae et 2l. (1972) and MacRae and Ulyatt (1974) also observed that
essential amino acids were generally of higher availability in the
small intestine than non essential amino acids.

The main influence of microbial digestion is to slightly enrich
the content of methionine and lysine of duodenal digesta on forage
diets (Coelho da Silva et al. 1972a,b; Harrison et al. 1973).
However lMacRae and Ulyatt (1974) found 1little difference between
fresh herbage and duodenal digesta in essential amino acid composition,
due to the similarity in the composition of the bacteria and the
herbage.

The preferential uptake of essential amino acids may explain
why no relationship was found between the apparent absorption of
total amino acids from the small intestine and nitrogen retention
(Hogan and Weston, 1969; Hogan, Veston and Lindsay, 1969; MacRae
and Ulyatt, 1974) since Nimrick, Hatfield, Kaminski and Owens (1970)
have shown methionine and lysine were the most limiting esssntial
amino acids for lambs fed urea as the sole N source. Obviously
factors affecting the flow of essential amino acids through the
duodenum are the major determinants of the efficiency of nitrogen

utilization by the animal,
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(¢) Rumen protein synthesis
(i) Factors affecting rumen proteolysis
The extent to which dietary protein is modified by the

action of the rumen has been the subject of many studies,
Ulyatt et al. (1975) observed that about 30 per cent of dietary protein
in fresh pasture diets is undegraded in the rumen and Beever et al.
(1974) has indicated a comparable figure for silage may be about
22 per cent., However in absolute terms the comparative amounts of
dietary protein of these two diets entering the duoednum may be
markedly different due to the low protein content of silage arising
from extensive proteolysis during ensiling (Donaldson and Edwards, 1976).

Protein solubility appears to be a major factor goverring the
rate of breakdown of dietary protein in the rumen (Chalmers and
Synge, 1954; Annison, 1956) although other factors such as flow
rate out of the rumen are also important (Sutherland, 1976), For
instance, relatively insoluble proteins will be degraded if
residence time is extended and conversely soluble proteins may
escape degradation if flow rate is rapid. The solubility of
proteins in most herbage species varies considerably with stage of
growth and environmental conditions (Hume and Purser, 1974; Bryanf
and Newth, 1975). 1In fresh pasture 40 per cent of total nitrogen
may be soluble and up to 70 per cent of soluble nitrogen may be protein,
and 60 per cent of this protein can go immediately into solution with
chewing (Bryant, 1964; Hogan, 1965b) indicating its highly soluble
nature. Many of the processes of preserving herbage such as drying,
freezing, and chemical treatment with formaldehyde before ensiling,
significantly decrease the solubility of the proteins (MacRae, 1970;

Beever, Thomson and Harrison, 1971b; Beever et al.1974; Bryant
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and Newth, 1975; Beever et al. 1976). These treatments reduce the
rate of proteolysis in the rumen, resulting in lower concentrations
of ammonia in rumen liquor and less wastage of dietary nitrogen
anterior to the duodenum, thereby increasing the amounts of dietary
protein and total protein reaching the small intestine. VWhen sheep
were given frozen red clover 105 % of the amino acids consumed reached the
duodenum and of these 75 % were apparently digested in the small
intestine whereas when sheep consumed the same quantity of amino
acids as fresh clover only 63 % reached the small intestine and 40 %
were apnarently digested (Beever et al. 1971b). Similarly when
silage was treated with formaldehyde the proportion of dietary amino
acids undegraded in the rumen rose from 22 per cent to 93 per cent
(Beever et al. 1974). Although the formaldehyde treatment reduced
the amount of microbial protein synthesized in the rumen from 112 g/d
to 36 g/d, it increased the total protein entering the duodenum by

25 per cent.

However when pasture is preserved by directly ensiling, the
solubility of the total nitrogen may be increased due to proteclysis
(Waldo, Keys and Gordon, 1973; Goering and Waldo, 1974; Castle and
Watson, 1975; Donaldson and %dwards, 1976). More than 50 per cent
of the protein may be degraded raising the soluble nitrogen content
to 60-70 per cent with most of the soluble nitrogen in the form of
non-protein nitrogen.

Further, Van Soest (1973) observed that as much as 50 per cent
of the insoluble protein in silage is held in the lignin fraction
which has been demonstrated to have a very low digestibility.

Hence, it would appear that although the crude protein content of

silage may be high, the amount of dietary protein available to the
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animals for absorption is low due to the extensive proteolysis
occurring both during ensiling and in the rumen, making the animal
heavily dependant upon microbial protein for its amino acid supply.
Beever et al. (1974) showed that of the total amino acids entering
the duodenum of sheep fed silage, 71 per cent was microbial and

18 per cent was dietary, the balance being of endogenous origin.

(ii) Factors affecting rumen protein synthesis

Since the majority of rumen bacteria use ammonia as a nitrogen
source (Nolan and Leng, 1972) the availability of ammonia is an important
determinant of microbial protein production. It appears that
maximum microbial synthesis occurs when the ammonia concentration
is around 5 ng NHz-N per 100 ml of rumen fluid (Satter and Roffler,
1975) although Miller (1973) has suggested a value 4 times as high.
However rumen ammonia concentrations are not likely to limit microbial
protein synthesis on pasture or silage diets since the ievels are
characteristically high, with peak values reaching 20 mg NHB-N/1OO ml
for pasture and increasing with ensiling to 30~50 mg NH3-N/1OO ml
(el-Shazly, 1952; Chalmers, 1963; Fatianoff, Durand, Zelter and
Tisserand, 1966; Donaldson and Edwards, 1976).

Although high rumen ammonia concentrations apparently do not
inhibit rumen protein synthesis (Satter and Slyter, 1974) they do
increase the loss of ammonia from the rumen (Lewis and Buttery, 1973).
The majority of ammonia passing through the rumen wall is transported
to the liver, converted to urea, (Annison,Hill and Lewis, 1957) and
80 per cent may be excreted in urine (Blaxter, 1964), resulting in
a net loss of nitrogen by the animal. The animal will also suffer

a disadvantage arising from the extra energy costs involved in urea
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synthesis and excretion (Martin and Blaxter, 1964), and the possibility
that the high plasma ammonia levels may interfere with intermediary
metabolism (Buttery, 1976).

The higher rumen ammonia levels of cows on silage rations
compared with pasture (Donaldson and Edwards, 1976) may be associated
with reduced efficiency of nitrogen utilisation by cows. Fatianoff
et al. (1966) and Conrad, Hibbs, Pratt and Davis, (1961) found
nitrogen retention was 1less in ruminants on diets of silage
compared with fresh herbage, although in the latter case this was
only true when the N content of the fresh herbage was above 24 g/kg
DM. Armstrong (1974) calculated,from the data of Proud {1973) that
the supply of amino N to the host on a silage diet was only about
76 % of that when fresh grass was given and suggested that the
differences were due to differences in the rate of ammonia production
or microbial protein synthesis, or both, in the rumen.

The concentration of ammonia in rumen contents reflects the
balance achieved between the degradative and synthetic activities
of rumen micro-organisms., The high concentrations and rapid changes
indicate a lack of balance, with the synthetic processes in deficit,
Because directly ensiled pasture contains negligible amounts of
soluble carbohydrate relative to that in the parent crop (Donaldson
and Edwards, 1976), the major factor limiting assimilation of rumen
NHz-N into bacterial protein may be inadequate readily fermentable
energy for the rumen micro-organisms (Smith, 1969; Hogan, 1975) .

Supplementation of silage with cereals reduces ammonia in the
rumen (Castle and Thomas, 1976; Griffiths and Bath, 1973) and results in
large improvements in nitrogen retention (Conrad‘gz.gl. 1961;

Thomson, 1968; Griffiths, 1969; Griffiths ard Spillane, 1970;
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Griffiths, Spillane and Bath, 1971). The addition of readily
available carbohydrate reduces urinary nitrogen excretion (Griffiths
and Spillane, 1971) and presumably leads to more efficient utilization
of silage non-protein nitrogen for microbial synthesis in the rumen
(Conrad and Hibbs, 1968).

Supplements of barley were found to increase the milk yields,
SNF and milk pm tein concentrations of cows fed silage (Murdoch,
1962; Castle and Watson, 1975) but in these experiments the
improvements may have been due to increased intakes or to an enhanced
efficiency of nitrogen utilization in the rumen. Similarly Castle
and Thomas (1976) found when sheep were given silage supplemented
with barley the duodenal flow of nitrogen increased from 15.3 g/d
to 17.3 g/d but again the barley was associated with improved
intakes and the effect on the efficiency of microbiél synthesis is
uncertain. However Castle and Thomas (1976) suggested that
supplying the micro-organisms with energy was the major factor
influencing rumen protein synthesis, since when sheep were given a
diet of barley plus silage and some of the barley was replaced with
isocaloric amounts of groundnut meal or urea, duodenal flows of
nitrogen remained the same even though nitrogen intakes were increased.

Although partial replacement of barley supplements by groundnut
meal did not result in an ircrease of nitrogen entering the duodenum
of sheep, consistent responses have been obtained in milk production
when this treatment has been applied to lactating cows (Castle and
Watson, 1969, 1974; Griffiths and Crowley, 1973). By comparison,
increasing the amount of soyabean meal in a supplement to cows fed
silage rations has resulted in an improvement in both milk yield and

in milk protein concentration (Butler, 1973, 1974). This suggests
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the nature of the protein supplement fed with silage may influence
the response. That protein supplements may differ in their effect
on microbial protein is suggested by the work of Hume (1974).
He observed that only 39 % of soyabean meal was degraded in the
rumen in comparison to 65 %4 for groundnut meal and the rumen ammonia
levels with these supplements were 6.5 and 16 mg/100 ml respectively.
Protein supplements may also exert a diréct effect on protein
synthesis in the rumen though their contributing preformed peptides
and amino acids (Wright and Hungate, 1967) and branched chain and
higher VFA (Bryant and Doetsch, 1955; Hemsley and Moir, 1963;
Hume, 1970; O0ltjen, Slyter, William and Kern,1971).
There is also evidence that directly ensiled pasture silage
may have a low methionine content since substantial increases in
intake, wool and tissue growth were obtained by sheep on silage
diets in response to supplements of methionine (Barry, Fennessy

and Duncan, 1973).

(d) Protein digestion and milk protein synthesis

The efficiency of microbial protein synthesis determined in a
number of studies was summarized by Egan and Walker (1973). They
showed that the highest values obtained on forage'diets were still
inadequate to meet the requirements for milk production at a given
energy level and calculated that 19-47 % of the protein requirements
for milk protein synthesis in early lactation would need to be met
from other sources such as herbage leaf protein and/or body reserves,

Since there is evidence that dietary protein is extensively
degraded in the rumen for pasture rations (Ulyatt et al. 1975) and

perhaps even to a greater extent on silage (Beever et al.1974) this
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places a severe limit on the ability of these rations to meet the
animals protein requirements in early lactation. This may be
especially so for silage due to the lower initial true protein
content caused during ensiling. Moreover factors limiting microtial
protein synthesis would also reduce the flow of protein into the
duodenum and therefore the availability of amino acids for milk
protein synthesis. Since dietary carbohydrates appear to reduce
the absorption of dietary nit rogen prior to the duodenum of sheep
given herbages with a high nitrogen content (Hogan and Weston, 1969;
Hogan et al. 1969; MacRae et al. 1972), then silage with very low
levels of soluble carbohydrate would be at a serious disadvantage.
The high levels of ammonia in the soluble nitrogen fraction of
silage in the absence of readily available energy may be absorbed
from the rumen and excreted, thereby reducing the efficiency of
dietary nitrogen conversion into microbial protein.

Furthermore, calculated amino acid requirements for cows in
early lactation,relative to estimated quantities absorbed from the
small intestine, show that essential amino acids especially methionine
may be limiting milk protein synthesis (Egan and Walker, 1973;
Hogan, 1975). The possibility that relatively low amounts of
protein may enter the duodenum of cows on silage rations due to
decreased microbial protein synthesis and low levels of undegraded
dietary protein flowing out of the stomach therefore suggests a
greater likelihood that methionine could be limiting milk protein
synthesis on silage rations.

The calculations of Hogan (1975) indicated that the total
amounts of amino acids absorbed from the small intestine are likely

to be less than the requirements in early lactation, inferring that
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contrary to Flatt, Moore, Hooven and Plowman (1965) the requirements
are met from tissue protein catabolism. This appears doubtful since
apart from the first two weeks of lactation when protein is metabolized
due to a change in hormone levels (Lenkeit, 1972) cows do not
apparently mobilize much tissue protein except when they are in

severe negative energy balance (Paquay, De Baere, and Lousse, 1972;

van Es and Boekholt, 1976). Even under these conditions milk yield

is lowered and milk protein concentrations may be depressed suggesting
the contribution of tissue protein to milk protein synthesis is
probably low.

In feeding experiments increases in dietary protein above those
indicated by feeding standards have had little effect on milk yield
or milk protein production (Rook and Line, 1961). The lack of an
effect of excess dietary protein is not surprising as much of the
excess is probably absorbed as ammonia from the rumen and excreted
(Hogan and Weston, 1968) or recycled with an energy cost (Martin and
Blaxter, 1964). Moreover at a constant energy intake, an increase
in dietary protein implies a reduction in the non-protein energy
content of the diet possibly reflecting a lower efficiency of
utilization of the carbon chains of amino acids as an energy source
relative to non-nitrogenous components (Tyrrell, Moe and Flatt, 1970).

Two experiments have reported responses by animals grazing
pasture when supplemented with proteins with a high resistence to
ruminal degradation. Lamb growth has been stimulated by drenching
the animals with a slurry containing fish meal (Archer, Babwick,
Kempton and Leng, 197)and Wilson, (1970) obtained small responses
in milk protein concentration b& lactating cows drenched with

formaldehyde protected casein.
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There are several experiments in which increases in milk protein
synthesis have been observed in response to abomasal infusions of
casein in animals receiviﬁg mixed concentrate and roughage diets,
supvosedly having adequate energy and protein contents according
to mutritional standards (Broderick et al. 1970; Hale et al. 1972;
Spechter, 1972; Clark et al. 1973; Spires et al. 1973; Derrig et zal.
1974; Vik-mo et al. 1974). Since casein was not serving primarily
as an energy source theseresults have been taken vo indicate that
milk protein synthesis is limited by the supply of one or more amino
acids, Moreover the responses to casein infusions were significantly
greater from cows on diets with a high NPN content. The same may

be true for silage,
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2.4 CONCLUSION

Experimental evidence indicates that different feeding levels
of forage rations appear to be associated with variations in the
yield and composition of milk. However the effects of the type of
forage diet on milk yield and composition are uncertain since
interpretation of available evidence is confusing due to confounding
with feeding level. Indirect evidence indicates that silage, a
common diet of dairy cows in New Zealand, may have specific effects
on the synthesis of milk and its constituents.

Mechanisms responsible for any effects on milk yield and
composition when forage rations are fed to dairy cows are obscure.
Changes in the nature of the rumen fermentation of cows on forage
diets appear small and are likely to be relatively unimportant
influences on milk composition, especially milk protein concentration.
Differences between forages in the extent of rumen fermentation and
site of digestion of nutrients are likely to be more important
factors affecting changes in milk yield and composition. The
amount of VFA produced in the rumen and the gquantity and quality of
protein entering the duodenum of cows would seem to be major
determinants of variations in the synthesis of milk and its constituents
by cows fed varying levels or types of forage r;tions.

Nutritional experiments with dairy cattle have not been
designed to investigate the separate effects of feeding level and
diet on milk yield and composition, To substantiate the evidence
from the review that feeding level and diet type, notably silage,
may have independent effects on the yield and composition of milk,

experiments were conducted to look specifically at these factors.
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Initially comparisons were made between pasture and silage on milk
yield and composition. Subsequent experiments then examined how
nutrient utilization of high moisture silage, offered to lactating
cows, was modified by controlling the ensiling process or by
supplementing cows on silage rations with either other forages
(pasture or maize silége) or with protein concentrates.

Some of the mechanisms that may affect the synthesis of milk
and its constituents vy cows on silage rations were then investigated
in a series of experiments by examining effects on milk yield and
mutrient utilization when intra-abomasal infusions of nutrients

were made to these cows.
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3 EXPERIMENTAL

3.1 THE INFLUENCE OF LVEL OF DIGESTIBLE ENERGY INTAKE ON THE
YIELD ARD COMPOSITION OF MILK OF COWS FED PASTURZ OR UNWILTED

PASTURE SILAGE

Introduction

Cows usually produce more milk containing more SNF and protein,
and less fat, when increasing amounts of concentrates are offered
with roughages (Burt, 1957; BHuber and Bowman, 1966a,b; Kirchgessner,
Friesecke and Koch, 1967; Broster; 1969; Kay, 1969; Armstrong and
Prescott, 1971; Balch, 1972). These reports attribute the
enhanced milk yield, SNF and ﬁrotein content to an increased DEI,
and the decline in milk fat content principally to a change in the
concentrate to roughage ratio.

Information on the separate effects of diet and level of
feeding on yield and composition of milk when roughage is the sole
ration is limited., Reducing the level of pasture offered to cows
by increasing grazing intensities has resulted in lower milk yields
and milk protein contents, and higher milk fat contents {Hutton,
1973, 1975; T.E. Trigg unpublished). Low yields of milk and fat,
and low contents of SNF when cows are offered pasture silage have
been attributed to low voluntary intakes of silage (Wallace and Parker,
1966; Hutton et al. 1971; Lancaster et al. 1974). However when
Fisher et al. (1975) restricted a ration of silage and pasture (1/1)
from 100 % to 50 % of appetite, cows produced less milk of the
same fat and protein content. Moreover Hutton (1975) found that
when the proportion of silage fed with pasture to groups of cows

was increased from ¥+ to § of the ration there was a decrease in
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milk yield and milk protein content although the average DMI
remained similar,

The effects of silage diets on milk yield and composition may
therefore be explicéble in terms of dietary factors rather than
intake. This possibility was examined in the experiment reported
here, Various amounts of pasture and silage were offered as sole
rations and changes in the yield and combosition of milk were

examined.

Materials and Methods

Preparation of Foods - The pasture silage was made with a

flail harvester in the spring of 1974 from a predominahtly ryegrass

(Lolium perenne) and white clover (Trifolium repens) pasture in the

early flowering stage of maturity. Ensiled herbage was consolidated
in a concrete bunker by rolling with a tractor and then covered

with a weighted polythene film., Simultaneously, pasture herbage

was harvested from the same crop with a rotary mower, quick frozen

at =33 °C and stored at -18 °C (Hutton, Hughes, Bryant, Pluck and
Taylor, 1975). The silage was removed from .the bunker 2 months

after ensiling and frozen in a similar manner to the pasture.

Design - Twenty four crossbred cows in early lactation were
removed from grazing and individually fed in stalls on a mixture
(1:1, DM basis) of pasture and silage for ten days (Period I).

Food intake, milk yield and composition, and live weight during the
last 7 days of Period I were used as a basis for stratifying the
cows into eight similar treatment groups. For 10 days thereafter

(Period II) groups were fed to appetite, four on pasture and four



- 55 -

on silage. The animals contimued on the same food in Period III
but at one of four levels of intake. The levels offered were (A)
silage to appetite based on the voluntary intake measured over

the last 7 days of Period II, (B)90 %, (c) 80 %, (D) 70 % of (4)
respectively and (E) pasture to appetite based on the voluntary intake
measured over the last 7 days of Period II, (F) 80 %, (G) 60 %,

and (H) 50 % of (E) respectively. After one week the restricted
rations were adjusted by the same percentage that the intake of
animals on unrestricted feeding had changed relative to Period II.
Period III lasted 21 days. Two cows from each of the eight
treatments were then transferred to metabolism stalls for 10 days

to enable measurement of the gpparent digestibilities of dietary

nitrogen and energy at each level of feeding (Period IV).

Feeding, Milkine and Weighing - Feeding was at 0800 to 1300

hours and from 1600 to 2100 hours. Sufficient amounts of the
rations were removed from the freezer each afternoon and allowed
to thaw overnight. The rations offered in the digestibility
period were representative of those offered in the experimental
period. The cows fed to appetite were offe;ed 115 % of the
previous day's intake with subsequent additions where necessary.

Except when in digestibility stalls the animals were confined
in a loafing barn when not being fed or milked.

Cows were milked twice daily at 0700 and 1600 hours.
Individual milk yields were recorded and aliquot samples were taken
and bulked over two successive periods of 3 and 4 days in each week
and preserved with Lactabs (commercial pellets weighing 160 mg and

containing K,Cr,07 (96 %) - Touwpson and Capper Ltd., Liverpool).
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Additional milk samples were collected over the last 7 days of the
digestibility period for each cow and preserved with 1 ml formalin.
Cows were weighed each morning after milking during Periods I - III

and on the final day of the digestibility period.

Sampling of Feeds and Residues - Each day a representative sample

of each food offered, and aliquot pecrtions of food refused by each
animal were bulked and frozen, combined over each week and subsampled
for analysis. In Period IV, food residues, faeces, and urine were
collected daily, weighed and daily aliquots of each for each animal
were aggregated over the last seven days, Equipment similar to

that described by Hughes (1963) was used to separate and collect
faeces and urine from these cattle., Urine was collected in 150 ml
of 6N HCl and samples were refrigerated (1 OC). Faeces sanmples

were frozen (-20 °C) until analysed.

Sampling of Blood and Rumen Liquor - Blood (15 ml) was

collected from the jugular vein in heparinized vacutainer tubes
(Becton-Dickinson, Rutherford, New Jersey) immediately prior to
feeding and again 3 hours later on the last day of Period I and
Period III. Immediately after withdrawal, packed cell volumes
were determined,and plasma for analysis separated using a
refrigerated centrifuge (4 °C, 2000r.p.m., for 15 minutes).

Rumen liquor (100 ml) was withdrawn by stomach tube 3 hours
after feeding commenced on the last day of Period III. Saturated
mercuric chloride solution was immediately added to the sample

which was stored at -20 °C after filtering through cheese cloth.



- 57 -

Analytical Methods - Fat, protein (N x 6.38), and lactose

contents of milk were determined, respectively, by the Gerber
technique (BS.696,2), the standard Kjeldahl nitrogen digestion
followed by steam distillation (AOAC, 1965 and by the ferricyanide
method using the Technicon Autoanalyser (Technicon methodology N,
2a). The dry matter content of the pasture silages were determined
by toluene distillation (Minson and Lancaster, 1963), and pasture

by oven drying at 100 OC for 24 hours.

The gross energy content was determined by adiabatic bomb
calorimetry on oven dried samples of foods and faeces, and freeze
dried samples of urine. The loss of energy from the silage during
drying was assumed to equal the calorific value of its VFA content
as indicated by gas liquid chromatography (G.L.C.). VFA in food
samples (40 g) were determined by adding 6N H,504 (60 g), extracted
for 24h, then distilling 4 ml of extract in a Markham still.

After making the distillate alkaline with N NaOH and drying, 0.5 ml
phenol solution (2 g/1) was added, acidified with HzPO4 (85 % ),
and samples (2 ul) were injected into the GLC (glass column,

1 x 3 mm I.D., packed with Chromosorb 101 (Johns-Manville, U.S.A.)
(100-120 mesh) and operated at 190 °C with carrier gas (Np) flow of
35 ml/minute). Concentrations of VFA were calculated by comparing
peak areas with those of phenol, the internal standard.

Crude protein (v x 6.25) was determined on undried samples of
foods, faeces, and urine by standa£d Kjeldahl digestion procedures
followed by steam distillation (AOAC, 1965). Vater soluble nitrogen
was measured in 25 ml aliquots of supernatant obtained after 80 g
silage in 400 ml of water was homogenized at high speed for

2 minutes and centrifuged at 5000 g for 10 minutes. Further

aliquots (50 ml) of supernatant were treated with an equal volume
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of 10 % TCA for determining NPN. Soluble protein nitrogen was
calculated by difference., Water soluble carbohydrate in the
supernatant was determined by an anthrone procedure (Bailey, 1958).
Modified acid detergent (MAD) fibre was determined by the method
of Clancy and Wilson (1966).

Packed cell volumes were determined using a micro haematocrit
centrifuge. Plasma was analysed for o amino N by the ninhydrin
method of Rosen (1957), and blood urea by micro-diffusion
(conway, 1957).

Strained rumen liquor samples (2 ml) were made alkaline with
N NaOH, dried, and analysed for individual concentrations of VFA

by G.L.C. as described above.

Statistical Analysis and Data Collection - Data compiled for each

cow over the last week of Periods, I, II, IV and the last two weeks
of Period III were used in the analysis, Live weight change was
predicted by regression of live weight on time. The apparent
digestibility coefficients determined in Period IV were used to
derive digestible energy intakes.

The mean yields of milk and constituents, milk composition,
and digestion data of each treatment'group were calculated and the
relationships between the variates and DEI/IWO‘75 were studied by
multiple regression analysis using standard procedures (Snedecor,
and Cochrane, 1967). Intersecting'lines were fitted using the

o
technique of Gujaﬁvi (1970).
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The data were fitted to four mathematical models:
(i) Yij = Buij bixij + C4
(i1)  Yi5 = Busy bixjj +c

(iii) Y55 = Bujjy bxjs 4 ¢

inJ + C

+ + + +

(iV) Yij = Buij

where ujj = production data in Period I

Y. .
+J 0.75
xij = DEI/iW ¢ in Period III

production data in Period III

The partial regression coefficient B allows for the inherent
production of the individual cow for each milk variate and subsequent
reference to regression coefficients is to the partial regression
coefficient b, which describes the change in the milk variates per
unit change in DEI/LWC: 72,

Significant differences in the regression coefficients and
intercepts between the diets were tested by the differences in the
residual sums of squares between the models at the appropriate
degrees of freedom. Model (iii)-(i) tested different coefficients
given different intercepts. Model (iv)-(iii) tested different
intercepts given the same coefficient and Model (iv)-(ii) tested
different slopes with the same intercept. The effects of the
rations fed ad libitum were compared by analysis of covariance of
Period II data using Period I data as the covariate.

Linear regressions of the energy contents of milk and live
weight change (ALW) per kg w07 (calculated using respective
conversion factors of 3.14 MJ/kg FCM and 20.95 MJ/kgolW (Bath,
Ronning, Myer and Lofgreen, 1965) on digestible energy intake per
kg 0.7 were derived to provide estimates of maintenance

requirements,
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The metabolizability of the diets were calculated by
estimating the methane production during Period IV using the
relationship (A.R.C., 196%) CHy (MJ/100 MJ GEI) = 4.28 + 0.59
(apparent digestibility of energy).

Multiple regressions relating DEI as silage or pasture to
F.C.M., A LW, and LWO+75 were also derived.

The following symbols are used to indicate degrees of

significance:
+ =P<0,10, * =P<0,05, ** =PL0,01, ¥** =PO0,001,
NS = not significant, P> 0.10.

Results

Chemical Composition (Table 5) - Pasture had a lower content

of dry matter but a higher concentration of nitrogen and soluble
. carbohydrate than silage. Small amounts of lactic, acetic and
butyric acids were detected in pasture compared with those in
silage. The forms of nitrogen in the herbage were considerably
altered by ensiling, as shown by changes in levels of ammonia,

soluble nitrogen and soluble protein nitrogen.

Intake, Milk Production and Live Weight - When silage or
pasture was offered to appetite in Pefiod II, the voluntary intake
of DE of silage was 35 % less than pasture (Table 6) and as a
consequence the range in intake of silage in Period III was limited.
For silage the digestibility of the nitrogen was higher, and that of
dry matter, 0.M., and energy, lower, than in pasture (Table 7). Altering
the level of intake had no significant effect on the apparent
digestibilities of dry matter, nitrogen and energy in the rations,

The low intake of silage relative to pasture in Period II resulted
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TABLE %, Chemical composition of diets

Nutrient Pasture Silage

DM % 15.7 + 0,372 17.7 + 0.37

Composition of 100 g DM
oM (g) 87.8 + 0,32 91.4 + 0.21
MAD fibre (g) 29.7 + 0.45 35.% + 1.23
GE (MJ) 1.81+ 0.021 1.79+ 0.010
Total N (g) 2.8 + 0.09 2.5 + 0,08
Soluble N (g) 0.8 + 0.04 1.3 + 0.03
Soluble protein N (g) 0.49+ 0.03 0.0 + 0.00
NE3-N (&) 0.08+ 0.005 0.254 0,005
Soluble carbohydrate (g) 5.8 + 0,69 1.4 + 0.20
Lactic acid (g) 0.4 + 0.25 8.6 + 0.42
Acetic acid (g) 0.4 + 0.0% 1.7 + 0.14
Propionic acid (g) 0.0 + 0.00 0.1 + 0.03
BU‘\'\jf\C acd (Q) 0.1 2 0.00 0.9 = 0.0

pH 5.4 + 0.04 3.9 + 0.02

8 SEM, n = 6
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TABLE 6. Intake of DM (g/kg Lu0+75/d) and DE (MJ/xg LwO*7°/a).

Preatment Period I Period II Period III

pur/te™ omr/we’”T  vwr/we® oer/ui”” omr/ui T ver/iv

Silage:
Group A 145 1.874 112 1,409 115 1.413
B 145 1.880 123 1.545 114 1.399
C 146 1.897 124 1.575 107 1.341
D 140 1.802 118 1.488 94 1.158
Pasture:
Group E 143 1.841 169 2.250 157 2,059
F 144 1.804 165 2,237 130 1,701
G 146 1.869 170 2,300 104 1,365
H 135 1.748 153 2,088 79 1.105
S.D. 8.1 0.106 8.3 0.108 6.2 0.069

TABLE 7 - Mean apparent digestibility coefficients of diets.

Digestibility (%)

Item Silage Pasture SED Sign.
GE 69.7 T4.3 + 0,64 la
DM 68,8 75.8 + 0.69 ik
oM 73.0 TTeT + 0.58 kel
N 68,3 65,1 + 0,98 *
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TABLE 8. Mean daily intake and yield and composition of milk of cows
in Period II', '

Item Silage Pasture SED Significance
Milk yield (kg) 11,7 13.6 + 0.42 e

Milk fat (g) 351 433 +14.1 *x%

¥ilk protein (g) 235 288 + 8.3 *%x

ilk lactose 421 489 +12.4 xR

Kilk fat % 4,27 4,58 + 0,071 .

Milk protein % 2.87 3.06 + 0.052 *x

Milk lsctose % 5.09 5.11 + 0,068 N.S.

I (kg) 9.59 13.68 + 0.234 >k

DEI (MJ) 120.7 184.9 + 3.21 *%x

1

" (adjusted for variation in Period I, n=12)
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in 14 % less nilk, 19 % less fat and 18 % less protein (Table 8).
Relative to pasture, silage reduced the fat and protein content of
milk but lactose content was unaltered by the type of food consumed.

The mean yield and composition of milk and A LW in Period IIT
are presented in Table 9 and the relationships between milk
production and the intake of DE, (Model i) are summarized in
Table 10. The partial regression coefficients for silage were
not significant, However it was evident that a single regression
equation could not be used to describe the pasture and silage data
because there was a significant reduction in the residual sums of
squares from Model (iv) to Models (ii) or (iii) (see Appendix 1).
Except for milk fat percentage, Model (ii) was used to describe
the data (Table 11, Figures 3-8), since it accounted for more of
the variation than Model (iii). The regression coefficients were
positive except for milk fat percentage, and significant except for
lactose percentage. The differences in the coefficients between
pasture and silage were 1,16 + 0.31, 102.8 + 16.4, 48.4 + 12.1,
182.7 + 40.6 for milk,fat, protein and lactose yields,respectively,
and 0.14 + 0.04 for milk protein percentage. It should be noted
that while the magnitude of the partial regression coefficients for
the silage group in Model (ii) (Table 11) were similar to those in
the unconstrained Model (i) (Table 10 ) their significance was
largely due to the constraint placed on the intercept.

These regression analyses indicate that at similar intakes of
DE, cows fed pasture produced more milk, fat, protein and lactose,
and had higher contents of fat and protein in milk than cows fed
silage. Relationships between pasture intake and the yields of

milk, fat, protein and lactose, and of protein percentage were



TABLE Q,
Period III.

(i) Actual ieans

- 65 -

Mean daily yield and composition of milk, and LW change in

Item Silagze Pasturs S.De
L B C n R F ¢ H
Filk yieid {kg) 9.6 3.7 9.1 7.0 ||13.7 11.6 10.8 6.9  35.13
Kilk fat (g) 401 367 335 314 || 633 544 472 373 153
Kilk protein (g) 278 259 242 186 442 349 304 195 85
Milk lactose (g) 487 483 427 335 || 676 S7T7T 576 326 158
filk fat % 4,15 3,85 3.68 4.41 1 4,65 4.64 4,51 4,92 0.63
¥ilk protein 4 2.8 2,89 2.65 2.64 || 3.25 3,01 2.86 2,87 0.19
Nilk lactosa % 5.04 4.99 4.70 4.77 | 4.91 4.93 5.46 4,55 0.52
Liveweight changet0.16 ~C.83 -0,70 =0.70|, -1.08 -1,58-1,56 2,712 0.62
{kg)

(i1) Adjusted .feans ¥ R.S.D.
Milk yield (kg) 8.6 9.1 8.4 8.4 [[12.6 12.1 9.9 9.3 c.o7
Milk fat (g) 323 353 359 347 ||556 553 487 447 53
Milk protein (g) 229 241, 233 222 [406 365, 304 253 30
M1k lactose () 411 444 398 406 ||613 610 546 460 66
¥ilk fat % 3.98 3.90 4.12 4.15 [|4.45 4.57 4,78 4.85 0.27
¥ilk protein % 2,81 2,66 2.71 2.62 ||3.29 3.04 2,95 2,79 0.15
Kilk lactose & 4.78 4.82 4.71 4.78 14,79 5.04 5.56 4,84 0.35

=3)

* (pAdjusted for variation in Period I, n




TABLE 10. Relationships between milk variates and DEI/IWC-72 (MJ/kg LwO0-75/d) of silage (S) or pasture (P) in

Period III (Model i).

Iten Mean S.D Bu + S3 Sign  Ration bx + SE Sign c R.S.D. R

Milk Yield (kg/a) 9.82  3.41 0.800 + 0,064  w=xx O N ggi R 0.96 0,97
Milk Fat (g/d) 428 167 0,843 + 0,073  **x IS, Hzgggi jé?%g? RS :}'672 50.4  0.96
¥ilk Protein (g/d) 282 107 0,749 + 0.062 - ‘; Jggzggi ggzgg *313 :12 2? 27,3  0.97
Milk Lactose (g/d) 486 176  0.828 + 0.089 *tx g 122:2‘1 i ;2?%;'4 s :12252 64,7 0,9
Milk Fat % 4,35 0,662 0,857 .t 0,093 - g :8:228 i 8:1632 NE 1,2;3 0.24 0.95
Milk Protein % 2.86 0.251 0.623 + 0,152 *xx g g:igg i 8:??2 *ffi 8:;5 0.15  0.85
Milk Lactose % 4,92 0,503 1,562 + 0,349 *Hx 1S> g:ggg i 8:2'62 gg :g:?gg 0.38 0.73

(i) m denotes production in Period I

(i1) x denctes DEI/kg 1P M n Period 11T

(iii)  Nean DEI/kg LW

(O3

= 1°'+4+O3O



TABLE 11. Relationships between milk variates and DEI/LWO+7> (MI/kg LW0+75/d) of silace (S) or pasture (P)

in Period III.

Item Mean

SOD.

BP-i SE

Sign

R.S5.D.

Milk Yield (kg/d) 9.82

Milk Fat (g/d) 428

Milk Protein (g/d) 282

Milk Lactose (g/d) 486

Milk Fat % 4.35

Milk Protein % 2.86

Milk Lactose % 4,92

3;42

167
107
175
9.66
0.25

0,50

0.79 + 0.06

0.84 + 0,07

0.74 + 0.06

0.82 + 0.08

0.87 + 0.08

0.62 + 0.14

1,58 + 0.34

#HR

* R

#HR

*X%

X%

2

*R%

s &)

~0.48 + 0.178

NS
*%

* % ¥
*x€

ok

HR%

& &

"'5.31

"1 6405

0.94

49.1

27.0

63.1

0.23

0.14

0.37

0.97

0.96

0.97

0.94

0.92

0.80

0.72

(i) p denotes production in Period I
(i1) x denotes DEI/kg LWC-7> in Period III

(1i1)  Mean DRI/kg LW 0+75 = 1.44 + 0.30

_L9-.
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positive, and for milk fat percentage were negative., However,

although similar trends were found between silage intake and these

milk variates, the responses were lower and were not significant.
Relative to intake, the live weight loss of the cows fed

pasture was significantly higher than those fed silage (Figure 9

and Appendix 2).

Composition of Rumen Liquor and Blood - Molar percentages and

concentrations of acetic and propionic acids were higher, and
butyric acid was lower in rumen liquor of cows fed silage in
comparison to cows fed pasture (Table 12). The molar ratio of
acetate to propionate was less with silage. There was no
significant effect of fe=sding level on molar percentage, molar
ratio of acetate to propionate, or concentration of VFA in rumen
liquor of cows on the silage ration. A significant relationship
was obtained in the concentrations of total rumen VFA's, and

in the molar percentages and molar ratic of acetate and propionate
in rumen liquor with the feeding level of pasture,and the
coefficients are shown in Taﬁle 12, )

When cows were offered silage, the PCV % in blood increased
with time from feeding whereas there was a small decrease in PCV %
of cows eating pasture; the diet x time interaction being
significant (Table 13). A positive relationship between PCV %
and feeding level occurred for the cows on the silage ration. The
levels of urea and « amino N in blood plasma increased with time
from feeding on both rations. Positive interaclions occurred
ng level and plasma urea for cows on the silage

between feedi

ration, and with < amino-N concentration in plasma for cows on the



TABLE 12, Mean molar percentages and concentrations of individual and total VFA in the rumen liguor, and molar ratios
of acetate to propionate.

[y

Concentration (mea/100 ml) of VFA Molar % of Total VFA Hic %
HAc BPr HBu Total Hic HPr HBu HPr %
Silage:
Group A 5.03 1.84 0.84 7.71 65,2 23,9 10.9 2.7
B 5.58 2.01 0.84 8.43 66.3 23.8 9.9 2.8
c 5.82 2.04 0.89 8.75 66.7 23.2 10.1 2,0
D 5.67 2.18 0.89 8.74 64.8 24.9 10.3 2.6
b _'t SE "0073_";0092 -0.0210.26 1o4i1 004 "0068:1-_0044 205_t308 -4001207 1.5_‘!;2.4 005910047
Pasture:
E 4,42 1.19 1.09 6.68 66.4 17.4 16,2 3,8
F 4.96 1.60 1.44 8.01 61.9 20.0 18,0 3.8
a 5,28 1.75 1.49 8.52 61.9 20.6 17.5 3.0
H 4,90 1.60 1.40 7.90 61.9 20.3 17.8 3.0
+
b + SE ~0,43+0,47 =0.25+0.17 -1.1+0.8  -0.4840.18 3.7§ﬁ.4 “2.7+1.1 =1.140.7 0.8229.27

S.D. 0,51 0,20 0.17 0.82 1.6 1.3 1.0 0.4




TABLE 13, Effect of diet on PCV %, urea and <« amino N concentrations in plasma immediately prior to feeding (Oh)
and %h later (adjusted for Period I).

PCV % Plasma Urea (mz/100 ml) Plasma Amino N (me/1)
Oh 3h Oh 3h Oh 3h
SILAGE
Group A 331 36,7 10.6 15.9 25.0 29,2
B 31.2 32.9 10.0 1503 20.6 26.2
c 27.8 32,8 13.4 15.8 23.9 29.6
D 30.8 3205 13.9 15.8 26.0 321
Mean § 30.8 33.7 11.9 15.7 23.9 29.0
Mean difference .
(3h=0h) + SED 2.9 + 1,0 ** 3.8 £ 0,4 *xx 5e1 £ 0,9 *x*
PASTURE
Group E 34.6 30.4 14.2 16.9 255 34.4
F 33.9 29,3 12.3 15.0 29.8 38.0
G 30.8 33.2 13.5 15.9 24.4 29.7
H 31.8 33.0 12,0 14.9 22.7 24.5
Mean P 32.8 31.5 13.0 15.7 25.9 31.7
Mean difference
(3n -0 h) + SED -1.3 + 1.0 2.7 + 0.4 *** 5.8 + 0,9 ***
Mean Difference -2,0 +2.2 1e1 0.0 ~2,0 =27

of diets (S5 - P)
SED 1.2 1.1 1.9

—LL..
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TABLE 14. Effect of diet on nitrogen and gross energy partition.

Item Silage Pasture SED Significance
N, % of intake

Faeces 31.6 34.8 +1.21 **

Urine 42.4 48,6 + 2.6 +

Milk 17.8 24.1 £ 1.6 *x

Retention (IR) 8.2 -T7.6 + 2.0 L

Kilk + KR 26,0 16.4 + 2.5 i
N, % of digested

Urine 62,1 74.8 + 3.5 *

Milk 26,0 36,9 + 2.4 %

Retention (IR) 11.9 -11.8 + 2.3 *n

Milk + NR 3709 2501 ot 305 *
GE, % of intake

Faeces 3003 25.6 + 0.7 *a%

Urine 4.8 4.3 + 0.3 NS

Methane (est) 8.4 8.7 + 0,03 *RX

ilk 18.6 21.3 + 2.0 NS

Residual (est) 37.9 40.1 + 1.8 NS

111k and Residual 56,5 61.4 + 0.8 X
GE, % of digested

Milk 26.6 28.5 + 2.8 NS

Milk and Residual 81.0 82,5 + 0.5 *
GE, % of ME

Milk 32.8 34.6 + 3.3 NS
Metabolisable Energy

(117 /kg D) 10,0 11.3 £ o3 *x
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pasture (Table 13),

Partitioning of Dietary Nitrogzen and Znergy (Table 14) -

Faecal, urinary, and milk nitrogen levels, expressed as a percentage
of nitrogen intake, and urinary and milk nitrogen as a percentage
of digested nitrogen,were significantly higher for cows on pasture
than for cows on the silage ration. Nitrogen retention as a
percentage of nitrogen intake,and digested nitrogen was lower for
the cows on the pasture ration. Increasing the level of feeding
of silage or pasture increased nitrogen retention and decreased
urinary nitrogen,as percentages of nitrogen intake and nitrogen
digested (Appendix 3). In contrast feeding level did not
significantly affect the partitioning of dietary energy intake on
either ration. Diet had a marked effect)for there was a higher
percentage of dietary energy in faeces, and a lower percentage in
methane, and ME, for silage compared with the pasture diet. The
mean M2 contents of the silage and pasture diets were 10.0 + 0.3
and 11.3 + 0.7 MJ per kg DM respectively (Table 14). Despite
gross differences in numerical values between estimates of the
partitioning of energy derived from linear or multiple regression
analyses, both methods indicate the animals on the silage ration

had a lower maintenance requirement(Appendix 4).

Discussion
When fed to appetite, cows offered silage produced less milk,

protein, fat and lactose than when pasture was offered. Fat and
' ?

protein content of milk was also reduced, These effects were
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associated with a decrease of 35 % in the intake of DE and are
similar to those observed by other workers (Wallace and Parker,
1966; Hutton et al. 1971; Lancaster et al. 1974).

However in Period III of the present experiment it was clearly
demonstrated that silage had specific effects on milk yield, and
on the concentrations of protein and fat in milk, These results
indicate that factors other than the amount of DE consumed may also

affect milk synthesis of cows feeding solely on forage diets.

Effects of Diet on Milk Yield and Composition - Intra-ruminal

infusions of acetate solutions have been shown to increase milk
yield and milk fat percentage, while infusions of propionate
solutions increase milk protein percentage (Rook and Balch, 1961;
Rook et al. 1965; Wilson et al. 1967). Silage resulted in higher
concentrations and molar proportions of acetate and propionate in
rumen fluid than did pasture, yet milk yield and the concentrations
of fat and protein in the milk were less., This suggests the molar
proportions and concentrations of these rumen acids in cows fed
silage may not be important determinants of gilk yield, milk fat
and milk protein contents.

Other studies (Armstrong and Prescott, 1971) indicate the molar
ratio of acetate and propionate in rumen fluid may be an important
determinant of milk fat percentage. In the present study the lower
milk fat percentage of cows offered silage was associated with a
decrease in the molar ratio of acetate to propionate. However the
differences were small, suggesting that this factor was also unlikely
The lower milk fat synthesis by cows

to be of major importance.

fed silage was also associated with a large reduction in the molar
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percentage of rumen butyrate, Since butyrate is metatolized to
B-hydroxybutyrate, a major precursor for milk fat synthesis (Smith et al.
1974), this factor may have contributed to the reduction in milk fat.

Diets inducing a decrease in milk fat percentage have also
increased molar proportions of propionate in rumen fluid (McCullough,
1966; Armstrong and Prescott, 1971; Annison et al. 1974) and have
reduced levels of milk fat precursors in plasma (Annison et al. 1974)
presumably due to increased synthesis of tissue fat (Annison, 1976).
Since cows fed silage tended to have higher molar proportions of
rumen propionate and lost less body weight than cows fed pasture
the lower milk fat synthesis of cows fed silage may have in part
been caused by a lower supply of endogenous precursors.

Diet type had pronounced affects on the partitioning of
dietary nitrogen. Cows offered pasture produced miik containing
more nitrogen, expressed as a percentage of dietary nitrogen, than
cows offered silage although they excreted higher proportions of
this nitrogen in urine and faeces. Overall combined efficiencies
of nitrogen utilization for milk plus tissue were less for pasture
than silage. Conrad et al. (1961) found a similar result when these
foods were compared at similar levels of intake.

Pasture reduced nitrogen retention principally as a result of
its marked increase of urinary nitrogen excretion. The association
of the higher live-weight loss and negative nitrogen retention for
the pasture fed animals indicated they were mobilizing tissue protein,
The resulting increased supply of endogenous amino acids may
account for the increased quantities of nitrogen in the milk of
the cows fed pasture although the use of this source of amino acids

for milk protein synthesis is uncertain (van Es and Boekholt, 1976).
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Alternatively the improved efficiency of utilization of
digested pasture nitrogen for milk synthesis may have been due to
differences in nitrogen metabolism in the rumen between the diets.
The higher nitrogen solubility and NPN content of silage would
tend to increase rumen amronia concentrations (Sniffen, 1973;
Donaldson and Edwards, 1976), and lower soluble carbohydrate in
Silage would impair assimilation of ammoﬂia into microbial protein
(Smith, 1969). This may promote increased ammonia absorption
from the rumen (Armstrong, 1974) reducing the amount of dietary
protein entering the duodenum (Hogan and Weston, 1969; Hogan et al.
1969; MacRae et al. 1972). However these possibilities cannot
be substantiated from the data presented here and furthermore it
is notable that no differences were observed in plasma levels of
urea or « amino N for the rations.

Diet also affected partitioning of dietary energy. In
contrast to nitrogen, the digestibility of dietary energy was less
for silage than pasture. The higher ME content of pasture was a
result mainly of a lower faecal energy output since differences
between the rations in urinary energy excretion were small.
Differences in ME/DE for the rations were small although significant
in favour of pasture. This suggests differences in milk production
obtained in Period III at a common DEI were largely due to increased
efficiencies of utilization of ME for milk production. However
milk energy/ME was not significantly higher for pasture than silage. .
This discrepqncy arises since body tissue energy change and
maintenance energy are not taken into account. Since the pasture
fed cows incurred a greater live-weight loss then more tissue energy

must have been used to supplement ME intake to support a higher
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milk production or maintenance requirement.

Effect of Level of Feeding on Milk Yield and Composition -

Increasing the feeding level of pasture increased the yields of
milk and constituents, milk protein percentage, and decreased
milk fat concentration. In comparison, the relationships for
silage were of smaller magnitude than thﬁsé of pasture, but they
were not significaut. The small range of silage intakes studied’
would have contributed to this result.

The lack of a relationship between milk protein percentage
and silage intake is consistent with the inferences of Hutton et al.
(1971) and Lancaster et al. (1974) and is in marked contrast to
responses with pasture. Increases in milk protein yield with
pasture intake were associated with increases in milk yield and
milk protein percentage. This infers increases in pasture intake
resulted in disproportionate increases in precursors for milk
protein synthesis relative to silage.

Although milk fat yield increased with increased pasture
intake, milk fat concentration decreased. These effects may be
due to the variations in the rumen fermentation pattern since
increasing pasture intake raised the molar percentage of acetate
and decreased that of butyrate which are known to have specific
effects on fat synthesis and milk fat content respectively (Rook
and Balch, 1961), However the molar ratio of acetate and
propiohate increased with increased pasture intake and was therefore
negatively related to trends in milk fat percentage. Since this
is contrary to other findings (Armstrong and Prescott, 1971) this

1

suggests this factor may be relatively unimportant in accounting
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for the effects of pasture intake on milk fat percentage. A
decrease in the availability of milk fat precursors could also
arise if the decreased live-weight loss associated with increased
pasture intake reflected lowered fat mobilization in adipose tissue.

The lack of variation in milk lactose percentage is in
agreement with other studies (Holmes, Arnold and Provan, 1960;
Castle, Drysdale and Waite, 1961; Rook and Line, 1961) and is
consistent with the Lypothesis that lactose is the major determinant
of isotonicity between milk and blood (Rook and Wood, 1959).
However other studies with silage and pasture respectively
(Fisher et al. 1975; T.E. Trigg, unpublished) have shown milk
lactose to vary with feeding level.

In this regard it is of interest that cows fed silage had a
higher PCV # than cows offered pasture. A possible explanation
could be that the higher osmotic pressure of silage (Bryant and
Lancaster, 1970) may reduce extracellular fluid (Ternouth, 1967)
and possibly affect mechanisms responsible for the regulation of
water and nutrient content of milk.

In summary the experiment has demonstrated that diet type and
feeding level can affect milk yield and composition. Silage was
found to have specific effects on milk yield and composition
which were independent of DEI. The next experiment examines the
effects on milk yield and composition of silages varying in
chemical composition in an attempt to define the characteristics

of pasture silage limiting milk synthesis,
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3.2 THZ EFFECTS OF WILTED, FORMALIN TREATED, AND UNWILTED PASTURE

SILAGES ON THSE YISLD AND COMPOSITION OF MILK

Introduction

In Experiment 3.1 high moisture pasture silage was shown to
have specific effects on milk yield and composition, At the same
level of DEI, cows offered silage produced less milk of lower fat
and protein contents than cows fed pasture.

The chemical characteristics of silage can be altered by
wilting (Murdoch, 1960; Gordon, Derbyshire, Wiseman, Kane and Melin,
1961; Gordon, Derbyshire, Jacobson and Humphrey, 1965; McDonald,
and Whittenbury, 1967; Jackson and Anderson, 1968; ;cDonald,
Henderson and MacGregor, 1968; Castle and Watson, 1970; Jackson
and Forbes, 1970; Donaldson and Edwards, 1976; Hinks, Edwards
and Henderson, 1976) and by the addition of formalin (Barry and
Fennessy, 1972; Brown and Valentine, 1972; Valentine and Brown,
1973; Wilkins, Wilson and Woolford, 1974; Valentine and Radcliffe,
1975).

In the present experiment use was made of these techniques to
study their effects on milk yield and composition and to get some
indication of the characteristics of high moisFure pasture silage
that might give rise to changes in milk yield and composition.

The results of previous studies comparing these silages for milk
production (Brown, 1960; Murdoch, 1962; Kormos, 1967; Castle and
Watson, 1970; Fisher, Lessard and Lodge, 1971; Valentine and
Radcliffe, 1975) have been confounded by level of feeding and
supplementation with concentrates.

Pasture herbage was ensiled either immediately after harvesting
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with and without the addition of formalin, or after being cut and

allowed to wilt, The effects of these silages on the yield and

composition of milk were subsequently determined.

Materials and lMethods

Preparation of Silages -~ The silages were made in late spring

1974, from a common perennial ryegrass (Lolium perenne)/white

clover (Trifolium repens) pasture mixture approaching ear emergence.

The unwilted silage (C.S.) was cut with a single chop flail
harvester, Harvesting of the formalin treated silage was similar
with formalin (35 % ¥ /v HCHO) added (5 1/t wet weight) by an
applicator attached to the harvester. The wilted silage (WS)

was mown with a rotary mower, wilted for 24 hours and then fine
chopped with a New Holland 717 harvester. Ensiled herbage was
covered after consolidation with polythene film. Two months later
the silages were removed from the bunkers, frozen,and stored at

-20 °c. High moisture silage used during the uniformity period
was made from a predominantly ryegrass/white clover pasture with

a single chop flail harvester in October, 1974,

Design - Twenty seven crossbred Jersey cows in mid-lactation,
ranging in age from 3-8 years and weighing 240-500 kg, were removed
from grazing after being accustomed to silage and individually stall
fed on high moisture silage for 10 days (Period I). Food intake,
milk yield and composition, and live weight during the last 7 days
of this period was used as a basis to assign the cows to nine equal
groups. The three experimental silages were fed at three levels of

intake for a period of 21 days (Period 1I). The levels imposed
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were (1) to appetite based on intake during the Period I; (2)

75 %; (3) 50 % of (1) respectively. After one week the
restricted rations were adjusted by the same percentage as the
intake of animals on unrestricted feeding had changed relative

to Period I. For 10 days following Period II, cows at 75 % level
of feeding were confined in metabolism stalls for nitrogen and

energy digestion trials (Period III).

Feeding, Sampling, Milking and Weighing - Feeding was at

0800 to 1300 hours and from 1600 to 2100 hours. Frozen silage
was allowed to thaw before feeding. The cows fed to appetite were
offered 115 % of expected intake with subsequent additions when
necessary.

The animals were confined in a loafing barn when not being fed,
milked, or when in digestibility stalls.

Milking, weighing, and sampling of offered and refused foods,
milk faeces, urine,blood,and rumen fluid were carried out as
described in Experiment 3.1. Blood and rumen fluid were sampled
from cows in the 100 % and 50 % feeding levels for each silage.
Blood was collected on the last day of Periods I and II immediately

prior to feeding(bh)and 3h later. Rumen fluid was samples at 3h

and 12h on the last day of Period II.

Analytical Methods - Fat, protein, and lactose contents of milk

were determined by infra-red analysis which was calibrated against
milk samples that had been analysed by the standard procedures

described in Experiment 3.1. Other procedures followed have also

been outlined in Experiment 3.1.
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Statistical Analysis and Data Collation - Data compiled for

each cow over the last week of Period I and III and the last two
weeks of Period.II were used in the analysis, Procedures and
regression models were as described in Experiment 3.1. The effects
of treatments on milk yield and composition were also compared by

analysis of variance (Snedecor and Cochrane, 1967).

Results

Chemical Composition, Digestibility and Intake (Tables 15, 16,

Appendix 5) - There were significant differences between the rations
in contents of DM, soluble nitrogen (SN), soluble protein nitrogen
(SPN) ,ammonia nitrogen (NH3-N), soluble carbohydrate, and MAD fibre
(Table 15). Wilting and formalin treatment had no effect on
nitrogen content but formalin reduced the solubility of nitrogen and
both treatments reduced the amount of free ammonia and acids in the
silage. The soluble carbohydrate content was higher in wilted silage
than control silage with the amount in formalin silage being
intermediate, MAD fibre content was lower in wilted and formalin
silages. -

Both wilting and formalin reduced the apparent digestibility
of nitrogen, the effect being greater with formalin (Table 16).
Wilting and formalin also reduced the digestibility of energy
compared with the control but this was significant only for formalin.
The mean intakes of DE, DM, and DN are presented in Appendix 5.
Compared with control silage, the mean intakes of wilted and
formalin treated silage were reduced by 6 and 15 % for DEI, and by 8

and 24 % for DNI, respectively.
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TABLE 15, Chemical composition of diets,

Nutrient C.S. F.S. Ve e

oM (%) 21.8 + 0,03% 22,9 + 0.03  56.7 + 0,03

Composition of 100 g DM
oM (&) 85.6 + 0.47  85.5 + 0.64  90.3 + 0.12
MAD fibre (g) 40.0 + 0.01  38.3 + 0.26  35.7 + 0.03
GE (MJ) 1.78+ 0.003 1.75+ 0.006 1.82+ 0,010
Total N (g) 2.5 + 0.07 2.5 + 0.01 2.5 + 0.01
Soluble N (g) 1.14+ 0.008  0.72+ 0.008 1,15+ 0.006
Soluble Protein N (g) 0.01+ 0,001 0.013+ 0,001 0,017+ 0,001
NH5-N (g) 0.23+ 0.001  0.108+ 0.001 0,124+ 0,001
Soluble Carbohydrate (g) 0.4 + 0.04 1.96 + 0.13 4,51 + 0,16
Lactic acid (g) 5.7 + 0.13 3.1 + 0,09 6.8 + 0.11
Acetic acid (g) 3.7 + 0.04 1.5 + 0.05 0.1 + 0.05
Propionic acid (g) 0.6 + 0.04 0.1 + 0.04 0.0 + 0.0
n-Butyric acid (g) 1.5 + 0.05 0.0 + 0.0 0.0 + 0.0
Isobutyric acid (g) 0.0 + 0.0 0.0 + 0.0 0.0 + 0.0
n-Valeric acid (g) 0.0 + 0.0 Trace 0.0 + 0,0
Isovaleric acid (g) Trace Trace 0.0 + 0.0

pH 4.3 + 0.04 4.3 + 0,06 5.0 + 0,06

& SBM, n=6

TABLE 16 — Mean apparent digestibility coefficients of diets.

Digestibility (%)

Item Cc.S. F.S. V.S, SED Sign.
GE 62,1 52,7 58.8 2.40 *
DM 60,0 53.6 60.8 2.42 +
OM 6406 58.0 61 07 2.24 +
N 60.5 44,8 55.4 1.54 e




Milk Yield and Composition, and Live-weight Change (Table 17).

Diet significantly affected the yields of milk, protein,
lactose and milk fat percentage. Although the overall effect of
diet on milk protein percentage was not significant, individual
comparisons of wilted and formalin silages with control silage were
significant. Leveis of silage intake had no effect on milk protein
percentage. There was no relationship gefween milk lactose
percentage for either diet or feeding level.

The relationships between the milk variates and DEI/LwWO.75
(Model i) are summarized in Appendix 6. Since no significant
differences were obtained between partial regression coefficients
for each silage, coefficients were derived from the pobled data
for each milk variate, together with the intercept for each silage
(Model iii) Table 18). The significance of differences in the
intercepts is indicated in Table 18, Pooled regression
coefficients were significant, and positive for the yields of milk,
fat, protein and lactose and negative for milk fat percentage.
Regression coefficients for the percentages of protein and lactose
were small and not significant. -

In comparison to cows fed the control silage cows fed wilted
silage at the same DEI/LWO"75 had significantlj higher yields of
milk, fat, protein and lactose and a higher milk protein percentage
(Table 18, Figures 10-15). Similarly at the same DEI/LWC+ 7> cows
fed formalin treated silage produced more fat and protein and had
a higher milk fat percentage compared with cows on the control silage.
No significant differences were observed in any of the milk variates

between cows fed on wilted or formalin treated silages.



TABLE 17. Mean daily milk yield and milk composition (adjusted), and LW change in Period II.

Diet Level Filk Protein  Protein Tat Fat actoss Lactose ALW
(xg/a) (g/a) % (&/a) % (&/4) % (e/a)

C.S. 100 7.19 216 3.01 334 4.69 362 4,74 123
75 6,40 139 Z.01 292 4.70 207 4,78 107

50 5011 iS58 3.15 252 4,88 241 4.73 =597

F.S. 100 6.81 209 3,12 334 4,95 323 4,75 9C8
' 75 5.36 173 3,23 282 5,28 250 4,65 =211

50 4.58 161 3.21 264 5.27 231 4,67 -25

W.S. 100 T.54 242 3,27 366 4,95 354 4,69 1090
75 5.90 185 30,24 278 4,94 278 4,70 258

50 5.49 171 3,08 285 5.19 250 4,63 62

Diet Yeans C.S. 6,23 188 3,05 293 4,79 297 . 4,75 =192
F.S. 5.68 181 3.19 233 5.17 263 4,69 224

w.S. 60,31 2C0 3.20 209 5.03 294 4,68 470

SED 0,24 T.60 0.07 13.40 0.12 12.40 0,04 280

Sign. * + s NS * + S +

Level lMeans 100 7.18 223 36132 345 4,86 540 4,73 ~707
75 5.89 182 3.16 284 4,97 278 4,71 -19

50 5.16 163 3.15 267 5.15 240 4,68 -187

Sign. E 3.2 3 Ko ¥ NS P TS + R ::S *
Diets x Level Sign. NS NS S %S ) NS NS o)

"L6"



TABLE 18. Relationships between the milk variates and DEI/LWO.T5 (M7/kg 1W0+7°/d) in Period II (Model iii).

Iten Mean Bp + SE bx + SE Intercents Mean Prod, (o) Cign. of Diffs.
S TS W3 R RSD S Fo e Vil SVIS FOVIS
P KR e
Kilk kg/d 6.08 0,81 + 062 2,68 + .380  -4.16 =-3,82 =3,49 0.95 0.579 5.74 6.03 6,41 % N3
XE¥ FRR
Fat  g/d 298,5 0.82 + .07 104,7 + 19.92 =154.0 -120.5 -115,4 0,93 30.39 274. 308 313 ¥ % 1S
. Fxx X%
Proteing/d 189.4 0.73 + .062 81,2 + 11.56 -106.5 -87.2 =77.3 0,94 17.47 173 192 202 * %% NS
¥* K% HX*
Lactosez/d 286.2 0.81 + ,066 131.6 & 19.39 =-202.4 -186.7 -175.3 0.94 29.49 272 287 299 NS + XS
D *K ¥ *
Fat % 4,99 0.99 3 0.86 =0,41 + .150 0.20 1.12 1,03 0.93. 0.23 4.88 5.10 5.01 + NS NS

Protein % 3.15 0.97 + .131 =-0.03 + .097 0.15 0.26 0.28 0.84 0.15 3.06 3.18 3.20 NS o+ NS

L&

Lactose 3 4,70 0.91 + .089 0.07 + .050 0.35 0.31 0.29 0.91 0.08 4.74 4.70 4,63 NN NS

i denotes production in Period I

éug x denotes D2I/kg LWO+7> in Period II

(iii) overall mean DRI /kg w075 = 1,19 + 0.33

(iv) a = adjusted mean production at overall mean DEI /L0715

..26_
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Pooling the regression coefficients for the relationship
between live-weight change and DEI/I..WO"75 (Appendix 7) indicated

cows fed control silage lost more weight than animals on the other

silages.

Rumen Volatile Fatty Acids (Table 19) - Concentrations of

total and individual VFA in rumen fluid ﬁere less for cows feeding
on formalin treated silage than the other rations at 3h after feeding.
At 12h cows on the high level of feeding had significantly higher
concentrations of VFA in rumen fluid,

Molar percentages of propionate and valerate were higher and
brtyrate was lower in rumen fluid of cows fed control silage
compared with the other treatment rations. Higher levels of
feeding were associated with increased molar proportions of

propionate and valerate and decreased acetate 12h after feeding began,

Blood Metabolites (Table 20) -~ Diet had no effect on PCV %

although 3h after feeding PCV % was higher at the lower feeding
level. Before feeding, plasma urea levels were significantly

higher for cows fed on control silage than wilted silage, and Bﬁ
later were higher than cows on both, the other treatment rations.

Although plasma levels of o amino N increased after feeding, there

was no effect of diet or feeding level,

Partitioning of Dietary Nitrogen and Energy (Table 21) -

Expressed as a percentage of nitrogen intake, cows fed formalin
silage excreted more nitrogen in faeces, and less in urine, than

animals fed control silage, with those on wilted silage being



TABLE 19, Summary of mean concentrations and molar proportions of rumen VFA at 3h and 12h after feeding commenced
in Period II.

Diet/Level Time ___Conc (meq/1CO ml) of VFA . Folar 0 of ¥IA
YAc HEPr  EBu  HVa  Total Fic  HPr  IBa Hva
C.S. 3h 3.21  1.29 0,90 0.33 5,78 55.6 22,4 15.4 6.5
F.S. 2,86 1.062 0.90 0.22 5,01 57.2  20.4 17.8 4.4
VIQSQ 304‘4’ 1030 1016 0030 6018 ES‘P 2Co6 1807 408
SED 0.21 0,08 0.08 0,03 0,38 1,02 0.46  0.76 0.44
Sign, * *% #* *% * IS *¥% * *% )
Level 100 % 3.25 0,99 1.32 0.29 5.74 55.6 21.1  17.1 4.9 3
o
50 % 3,09 0.98 1.23 0.31 5.56 55. 21,2 17.6 5.5 .
SED 0.17 0.07 0.06 0.02 0.31 0.8%3 0.38 0.62 0.36
Sign. us s 'S NS NS NS S NS N
c.s. 12 h '3,09 1,05 0.74 0.16 5.01 61.9 2.7 14.6 3.1
F.S. 3,22 1,01 0.85 0,11 5,19 62.0 19.4 15,4 2.1
W.S. 3.46 1.10 0,88 0.13 5,55 62.6 19.7 15.5 2.2
SED 0.22 (€.08 0.08 0,02 37 0.88 0.44 0.82 0.27
Sign. N5 S IS * NS N3 * % .
Level 100 75<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>