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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 mn.y effect 

the efficiency of utilization of DE in these diets for milk synthesis. 

Initially effects on milk yield 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. Unwil ted pasture silage was compared with pasture, wilted 

silage, formalin treated silage, and unwilted silage supplemented 

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 milk yield 

and composition. 

Increasing the intake of pasture, increased the yields of milk, 

fat, protein and lactose, and increased milk protein :percentage and 

decreased milk fat percentage. Similar resu1 ts were obtained •,:ith 

unwil ted silage except that no relationship was found between silage 

intake and milk protein concentration. 

Cows offered unwil ted pasture silage produced less milk cont9.:ini.ng 

a lower concentration of fat and protein than cows offered pasture 

at the sane intake of D3. 

percentage. 

Neither re. tion affected miJ.k lactose 
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The efficiency of utilization of D3 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. Ifaize silage as a supplement had no effect. 

These studies indicated that the amount of protein entering the 

duodenum of cows offered unwil ted silage was limiting milk protein 

synthesis. 

Subsequently cows were surgically prepared with abomasal 

cannulae to test this hypothesis. Consistent and sienificant 

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 studins. 

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 :2.£.£ ~-

The magnitude of the responses in milk protein synthesis to 

abomasal infusions of casein were higher for cows offered silaee 

in comparison to those fed pasture at similar intakes of D3. 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. 

Abornasal 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. 
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1 . INTRODUCTION 

Over the past 20 years pastoral products have provided about 

80 % of New Zealand's (N.Z.) 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 fa:r-llling 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 which has a low cost structure is 

h~_ghly 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 supplies tri th 

strategic use of pasture supplements to equate them with cow 

requirements. 

During the last 20 years the N.Z. dairy industry has under~one 

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 °i of N. Z. 

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

Conversely milk protein products have chanG~d from being of minor 
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importance to being the major earner of export income, reflecting 

the rising world demand for hiih 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 Rangi taik Plains Dairy Company to encourage farmers to 

improve the protein content of milk. Improvements have been made, 

to a certain exten~ 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 energy 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 do not 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 sl~wn an increase in stocking rate 

reduces per cow milk yields and milk protein concentration but 

increases milk fat concentration (Section 2.2.1). Presumably both 
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the level of feeding and differences in pasture quality were 

implicatedo 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 cornsumption (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 breeding cows with potentially high milk 

yields coupled with increasing stocking rates have made ade~uate 

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 level 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. 
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2. REVIEW O? LITE':tATURE 

FACTORS AFFECTING MILK YIELD Arm 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 1o 

TABLE 1. Components of Milk 

Milk 

Non-fatty 
solids 

Water 
(Dissolved CO2, 0 2, N2) 

Fatty 
fr3ction 

I 

Nitro­
genous 

substances 

Lactose Water­
soluble 

vitamins 

~fincral 
matter 

I 

Non-protein Protein 

Casein Albumin Globulin Proteosc­
peptonc 

Others 
(E..,:iymcs) 

I 

Tri­
glycerides 

I 
Other 

fat-soluble 
compounds 

I 
Phospho­

lipids 
Sterols Fat-soluble Carotcnoids 

vit1mins 

2.1 NON DIETARY FACTORS EFF~CTUTG :r-nLK YIELD AND cm:POSITION 

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 individual anima.l 

Studies by Overman, Garret, Wright and Sanmann ( 1939), ha:t-e 

defined the composition of milk of the major breeds of dairy cow. 
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Jerseys produce milk usually with a higher fat content than 

Friesians and Ayrshires (see Table 2) but exhibit greater variability 

among individualso Jersey milk often has a higher protein 

concentration than Friesian milk but the lactose contents are 

similaro 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 shovm 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). Foot (1964) 

ha.s shown that between herd differences in milk production 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 al so been shown to be _approximately twice 

those for the lactation yield traits. This provided evidence that 

variations in environment has much less effect ·on the percentages of 

the various constituents of milk than un the lactation yields of 

milk and its consti tuentso 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. 
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TABLE 2. Mean production of the main N.Z. dairy breeds. 

Season No. \· cows 
Av. milk 

(I) 
Av. I Av. milkfat I Av. days I Av. miikfat 

milkfat (k ) . 'lk :tll tested cows 
% . g m m1 • (kg) 

I 

Anshires 
• 1951-52 

1955-56 
1959-60 
1965-66 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 

Friesi:ms 
1951-52 
1955-56 
1959-60 
1965-66 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 

Jerseys 

7,454 
8,410 
8,848 
9,267 

10,340 
10,400 
10,252 
10,960 
10,797 
10,589 

6,683 
7,735 
9,782 

13,818 
19,728 
20,692 
21,942 
24,251 
25,669 
26,599 

2,970 
3,059 
3,297 
3,487 
3,222 
3,256 
3,446 
3,312 
3,230 
3,239 

3,888 
4,061 
4,317 
4,499 
4,283 
4,306 
4,468 
4,312 
4,253 
4.245 

4.18 
4.18 
4.22 
4.33 
4.28 
4.27 
4.29 
4.31 
4.27 
4.23 

3.70 
3.74 
3.80 
3.98 
3.97 
3.97 
4.03 
4.02 
4.04 
4.02 

124 
128 
139 
151 
138 
139 
148 
143 
138 
137 

144 
152 
164 
179 
170 
171 
180 
174 
172 
171 

1951-52 43,776 2,551 5.49 140 
1955-56 49,781 2,617 5.46 143 
1959-60 49,576 2,782 5.57 155 
1965-66 51,898 2,866 5.76 165 
1969-70 54,002 2,553 5.56 142 
1970-71 52,884 2,593 5.59 145 
1971-72 50.158 2,772 5.63 156 
1972-73 51,455 2,677 5.58 149 
1973-74 50,874 2,607 5.56 145 

___ 1974-75 --- 49,506 ___ 2,640 -----~-'-~0 ___ 145 

M. Shorthorns 
1951-52. 
1955-56 
1959-60 
1965-66 
1969-70 
1970-71 
1971-72 
1972-73 
1973-74 
1974-75 

3,416 
3,160 
3,061 
2,481 
2,100 
1,777 
2,063 
2,047 
2,172 
2,138 

Source: Anon. (1975) 

3,001 
3,076 
3,211 
3,408 
3,143 
3,145 
3,192 
3,153 
2,957 
3,170 

4.10 
4.13 
4.11 
4.17 
4.07 
4.10 
4.14 
4.11 
4.06 
4.03 

123 
127 
132 
142 
128 
129 
132 
130 
120 
128 

253 
258 
262 
267 
252 
264 
267 
254 
252 
261 

262 
271 
273 
277 
268 
277 
280 
270 
271 
275 

260 
264 
271 
272 
246 
259 
269 
254 
253 
259 

129 
132 
143 
152 
129 
134 
146 
139 
135 
138 

129 
132 
143 
152 
129 
134 
146 
139 
135 
138 

129 
132 
143 
152 
129 
134 
146 
139 
135 
138 ----

249 
257 
258 
262 
249 
258 
263 
248 
242 
257 

129 
132 
143 
152 
129 
134 
146 
139 
135 
138 
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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 

a...~d whey proteins with variable amounts of fat and less lactose 

than milk. Peak milk yield is usually attained 2-8 weeks after 

calving. Fat and protein decline in concentratif"ln du:ring the first 

6 weeks of lactation, then gradually increase until close to the end 

of lactation when they increase rapidly. Inverse cha.~es occur in 

lactose content. N.Z. data (J.B. Hutton, unpublished) depicting 

these trends are shown in Figs_. 1 and 2, include clinatic and 

nutritioral 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, !father and Bartlett, 

1959). Hutton (1958) suggested these changes in milk yield a~d 

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 lactationso 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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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). 

Milk 
DOM! 

L H 

I -.,.-
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Weeks in Lactation 

Lactational trends in milk yield and digestible organic 
matter intake (DOMI) for the same cows. 
Source: J.B. Hutton (unpublished). 



TABLE 3. Effect of age on milk fat yield and concentration. 

AVBRAGE PRODUCTION 

Age of Cow I Ayrshire • I Friesian 
I 

Jersey 
I 

M. Shorthorn 

M'fat Milkfat Days JM'fat Milkfat Days / l\1'fat Milk fat Days I M'fat Milkfat Days 
% . kg inmilk % kg in milk % kg inmilk % kg in milk 

2 years ..... 4.30 113 261 4.09 138 273 5.51 122 259 4.16 100 249 
3 _ 4.26 128 257 4.07 159 274 5.57 137 256 4.10 117 254 
4 ,, .... - ...... 4.24 139 260 4.06 177 275 5.55 149 257 4.07 129 254 
5 -·- ---- 4.22 148 263 4.02 188 277 5.54 159 261 4.03 142 263 
6 ,, .... - •••••· 4.22 157 265 4.01 193 276 5.51 162 262 4.01 143 262 
7 -- ··-·· 4.20 155 264 3.95 192 277 5.47 163 261 3.97 146 260 
8 -- 4.15 153 262 3.94 194 278 5.46 165 264 3.97 145 263 I..O ,, ...... 
9 " ...... ····- 4.20 155 262 3.94 191 276 5.41 161 261 3.39 143 266 

10 years and over 4.14 145 258 3.89 180 272 5.31 153 259 3.87 134 261 

A veragc-all ages 4.23 137 261 4.02 171 275 5.50 145 259 4.03 128 257 

Source: Anon. ( 1975) 
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Legates (1960) suggested these changes in composition may 

reflect udder deterioration either as the result of increasing 

incidence of r:iasti tis, or of slight physical damage with age. 

O'Donovan, Dodd and Neave (1960) found little depression in milk 

fat content, but an average decrease of SNF content by 0.1 percentage 

uni ts 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 

th3se 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 composition (Wayman, Johnson, J,rerilan and Berry, 

1962) although effects have been reported at temperatures outside 

this range ( Cobble and Herman, 1951 ) .• 

2.1.5 Disease 

Mastitis can greatly influence the composition of milk by 

altering the permeability of udder tissue and its ability to 

synthesize milk constituents. Infection decreases fat, casein and 

lactose content and results in blood proteins appearing in the milk 

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



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

J:------,------------
TEST DAY AVERAGES ! Est. 240-day 

Trait Breed 
Sept. Oct. · I Nov. Jan. -I Feb. I -~:r~~-,~~illJ !act. average Dec. 

YIELD (lb. day) 
Milk 

Total solids ····­

Fat 

Solids not fat 

Protein 

Lactose 

% COMPOSITION 
Total solids ··-·· 

Fat 

Solids not fat 

Protein 

Lactose 

J 
F 
J 
F 
J 
F 
J 
F 
J 
F 
J 
F 

J 
F 
J 
F 
J 
F 
J 
F 
J 
F 

24.5 
33.0 
3.55 
4.19 
1.24 
1.27 
2.31 
2.92 
0.93 
1.09 
I.IS 
1.54 

14.5 
12.9 

5.1 
3.8 
9.4 
lt9 
3.8 
3.3 
4.8 
4.7 

24.6 
28.7 

3.62 
3.64 
1.29 
1.12 
2.33 
2.52 
0.94 
0.95 
1.21 
1.36 

14.7 
12.7 
5.2 
3.9 
9.5 
8.8 
3.8 
3.3 
4.9 
4.7 

23.3 
28.8 

3.43 
3.75 
1.22 
1.17 
2.21 
2.58 
0.90 
1.00 
1.13 
1.36 

14.7 
D.0 
5.2 
4.1 
9.5 
8.9 
3.9 
3.4 
4.8 
4.7 

20.3 
24.8 

3.03 
3.17 
1.10 
0.98 
1.93 
2.19 
0.79 
0.83 
0.98 
1.16 

14.9 
12.8 
5.4 
4.0 
9.5 
8.8 
3.9 
3.3 
4.8 
4.7 

20.4 
27.1 

3.02 
3.50 
I.I 1 
1.10 
1.91 
2.40 
0.80 
0.94 
0.98 
1.25 

14.8 
12.9 
5.4 
4.1 
9.4 
8.8 
3.9 
3.4 
4.8 
4.6 

16.0 
17.1 
2.45 
2.21 
0.92 
0.73 
1.50 
1.48 
0.63 
0.56 
0.75 
0.79 

15.1 
12.9 
5.8 
4.3 
9.4 
8.6 
3.9 
3.3 
4.7 
4.5 

9.4 
14.0 
1.50 
1.89 
0.61 
0.63 
0.89 
1.26 
0.38 
0.51 
0.43 
0.67 

15.9 
13.5 
6.5 
4.5 
9.4 
8.9 
4.1 
3.6 
4.5 
4.7 

6.2 
7.2 
1.05 
1.09 
0.47 
0.41 
0.58 
0.68 
0.28 
0.22 
0.25 
0.24 

16.9 
15.1 
7.6 
5.7 
9.7 
9.1 
4.5 
4.1 
4.2 
4.0 

(lb.) 
4,341 
5,420 

649 
703 
239 
223 
410 
48() 
)70 
182 
207 
252 
% 

14.9 
D.0 
5.5 
4.1 
<J.4 
8.9 
3.9 
3.4 
4.8 
4.7 

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

J ,. Jersey cows. 

Source: Anon. (1969) 

..... _., 
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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 (Slliot, 1961). 

During milking, fat content increases with little change in the 

contents of protein or lactose (Johansson, 1952). Hilk 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, Touc hberry 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 

exceptionally 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 urocesses 

and amounts to 10-20 1 of the original volume. 
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It follows that at any one milking,incomplete removal of milk 

will lower the fat content of r:1ilk removed. In practice however 

there will normally be compensation at the next milking. 

Ormiston_ et &- ( 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 mis~ing 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 YIELD AND COKPOSITION 

It is widely recognised that alterations in feeding levels and 

composition of the diet induce challpes in the -yield of milk and its 

constituents (Campbell arid 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 h2s 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 Hancpck ( 1958); Mc:Meekan and Walshe 

( 1963), and Hutton ( 1974) have shown that increasing stocking rates 

have been associated with low~r yields of milk and fat produced per 

cow. Figs. 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 consistently 

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 vuriations in 

pasture quality may also have affected responses in milk production. 

2.2.2 The effect of level of feedir~ci; on milk yield and corrroosition 

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 supporterl 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, Mc:Meekan and Wallace, 1948; 

Flux, 1950; Patchell, 1957; Wallace, 1958; Hutton and Parker, 

1972). 

In all cases, increased intakes of pasture or conserved 

pasture in late pregnancy consistently inc~eased 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, Carr.p~~l/, McDowall and Cox ( 1941) , reduced the 

amount of concentrate offered with a basal ration of hay to cows 

and 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 tl 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 yield 

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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lactationo 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 lo~er level 

of pasture feeding in this trial produced effects on milk composition 

which contrast with those 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 1 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 

percentageo 

In contrast Fisher, Donnelly, Hutton and Duganzich, ( 1975) fed 

dairy cows a mixture of pasture and silage (1:1 on a dry natter (mr) 

basis) at 100 %, 75 %, or 50 1 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 mammary 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 Sffects of diet on milk yield and cor.mositiun 

2.2.3.1 Effects of concentrates fed with roughages 

Variations in milk yield and milk 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). Uordfeldt (1966) fed cows at different levels 

on different ratios of hay or silage with concentrates, where the 

roughaees constituted 70, 55, 40, and 25 ;~ of the total diet. 

Haximum milk yields were achieved when the roughages constituted 

40 % of the diet in~icating 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 n:ilk decreased. 
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Hay had no such effecto 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 fe2ding 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, l•'.oe, Moore, Hooven, Lehmann, 

¢'rskov and Hemken ( 1969) who fed covts 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 ~issue 

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) found 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 sho1-rnd 

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, mtlk 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 maturityt and pasture receivin~ 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 SN}'. 

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 li bi tum to grazing cows during 

a SU!llr.ler drought was observed to arrest the decline in milk and 

fat yields but made little 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 oI'fered 

silage produced only half the level of milk fat of the other 

group and had very low intakes of silage, averaging only 6.3 -

7. 3 kg DM per day. 

Further comparisor~ 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 al.one 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 1o of appetite was compared with cows fully fed on 

pasture (Hutton, 1975)0 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 provided either½ or% or their requirements and 

the balance was provided either as maize sila~e or pasture silaee. 

: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 i 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, uere not significant. Because silage caused a 

significant fall in digestible energy intake, ~ny qualitative effects 

of the ration could not be discerned. In 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 

mixture produced similar yields of milk with the same protein 

content as cows on pasture despite sienificantly lower intakes of 

digestible energ,r, indicating in this case the response was possibly 

mediated by diet quality. 
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Fisher, _tl 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. Nilk yieldz 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 H.J per day. These effects 

of feeding level on milk fat percentage and milk protein percentage 

are in marked contrast to those observed for past~~e fed cows 

(Hutton, 1975; T .E. Trigg, unpublished.) which increased milk fat 

percentage and decreased milk prote~n percentage as food intake 

decreased. This suggests silage may have a specific effect on 

milk fat and protein synthesis .. 

Further evidence of silase having a quality af:ect on milk 

cornposi tion 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 r-i:arshall, 1974). Small but significant increases in 

intake were observed for those silages regarde_d 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 SID, 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 were grazing pastureo 



- 23 -

(c) Recapitulation 

Evidence from grazing trials suggests that level of pasture 

intake may effect milk yield and composition. There is much less 

evidence to suggest that qualitative factors in pasture may affect 

milk yield and composition independantly of intake. However 

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. Horeover 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, metabolizabili ty, 

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 

:Moe, 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 MECHA:NISMS ACCOUNTING FOR EFFECTS 

OF LEVEL OF FEEDING AND TYPE OF DIET ON MILK COMPOSITION 

2.301 Effect of diet and leYel of feedinr; on milk syn-thesis 

lf.ilk is synthesized in the mammary gland from precursors 

absorbed from the bloodo 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-p~oducts 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 mammary uptake. 

Although indentification of the main precursors has helped to 

clarify the importance of the products of digestion in wilk synthesis, 

the mechanisms for the control of synthesis are still not clearly 

established. Hany of the investigations of diet on milk 

composition have been undertaken with diets specially selected to 

exaggerate the changes in milk composition. In general these have 

contained high levels of grain and may give a mi 9leading impression 

of the quantitative importance of dietary effects where forages are 

used exclusively. Furthermore much of the present knowledge of 

diet on products of digestion, absorption, and utilization has been 

obtained in experiments involving sheep and ec,ats, rather than cows; 

with limited numbers of animals, and extensive surgical modification. 

Proposed mechanisms to account for the effect of diet on milk 

cornposi tion must be ree;arded as speculative when applied to lactating 

cows under grazing condi tionso 
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2.3.1.1 J"'.echanisms 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; C, • up1.res, 

Clark and Derrig, 1973; Derrig, Clark and Davis, 1974; Vik-mo, 

Emery and Huber, 1974; Spires, Clark, Derrig and ~avis, 1975). 

Since casein infusions were not serving primarily as an ener{s'J 

source in the studies of Clark et .§!}_. ( 1973), Spires et al. ( 1973), 

Vik-mo 2-1. al. (1974), these results indicate milk protein synthesis 

was limited by the supply of on~ 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 combination by post­

ruminal or intravenous infusion has not given consistent res"'.)onses 

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) ~nd 

the factors in the casein causing the increase have not been identified. 

Variation between cows and diets may account for the variable 

responses 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 ~ook, Balch and Johnson (1965) 

and Wilson, Davey and Dolby ( 1967) have shown that rumen VFA' s 

may have specific effects on milk protein synthesis. I ntra-ruJL.inal 

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 udder 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 synthesi~ sparing 

gluconeogenic amino acids for-protein synthesis. 

There is no evidence in the literature as to why milk protein 

content increases with increasing in.take of rations of constant 

composition. 



- 27 -

2.3.1.2 Mechanisms involved in Dilk fat synthesis 

Hilk fatty acids r:iay be derived by de ~ synthesis from 

acetate and B-hydroxy butyrate ( C4-C16 acids) or directly from 

plasma triglycerides (C12-C18 acids) which are derived from body 

reserves, de E.£:::.Q_ synthesis, or diet (Sterry, 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). Intrar~minal 

infusion of acetic or butyric acids have produced increa.ses in fat 

yield and content (::look and Balch, 1961.; Wilson et al. 1967). 

It is possible that variations in de~ synthesis of milk fat 

occur primarily through variations in the supply of acetate and 

B-hydroxy butyrate which have specific roles in the synthesis of 

C4-C16 fatty acids in milk fat (Smith, 1'1cCarthy and Rook, 1974). 

On milk-fat depressing diets the~e is only partial recovery 

to intraruminal infusions of acetic or butyric acid (Sterry and 

Rook, 19€:6). This has been explained as an indirect effect of 

propionate,since on these diets increases in ruminal propionate 

proportions accompany falls in acetate and/or butyrate (StorrJ 

and Rook, 1966; Sterry, 1970). 

Annison, Bickerstaffe and Linzell (1974) observed when d:i.ets 

which increase ruminal propionate levels were offered to cows, 

glucose entry rates and blood glucose levels increased, and levels 

of acetate and B-hyuroxy 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 intraruruinal 

infusion of propionic acid (Rook and Balch, 1961 ; ';·Tilson et al. 

1967), intravenous infusion of glucose (Vallance and 1-IcClymont, 1959; 

Storry and Rook, 1965)7 and intra-abomasal infusion of glucose 

(¢rskov and Fraser, 1974) depress milk fat secretion. Noreover 

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 Mix, 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 propionate 

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 utilization of 

glucose by many peripheral tissues, inhibits gluconeogenesis and 

glucose release from the liver, stimulates the uptake and incorpore..tion 

of amino acids into protein, inhibits proteolysis, stimulates 

lipogenesis and inhibits lipolysis". Also he discussed the role 

of glucagon in promoting hepatic gluconeogenesis which accelerates 

glycogenolysis, ther~by 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 (Basseti; 1974). 

In lactating cows the rate of entry of glucose into blood equals 

the rate of removal; 85 % of which is by the udder (Kronfeld, 1976). 

Thus plasma glucose concentration is regulated, and the controls 

include the rate of endogenous glucose production. 

by the product, and accelerated by the substrates. 

This is retQrded 

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 (~ook 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 (Storr-J and Rook, 1962). However severe underfeeding may 

cause a slight depression in the lactose content of ~ilk (Rook and 

Line, 1961). Rook (1976) pointed out that such effects depend on 
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associated affects on milk yield, and occur froCT 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 feeding- on dir;9stion 

2.3.2.1 Effect of diet and feeding level on d.L;estibility and 

metabolizability 

(a) Feeding level 

Marked falls in digestibility have been found with increased 

feeding levels for diets of mixed roughages and grain (Tyrrell and 

Moe, 1975). Experiments with sheep on all forage diets also showed 

a fall in digestibility with increased feeding levels (Blaxter, 196?). 

The falls were greater for diets of low apparent digestibility ( 60 % 

DH digestibility) although there were marked variations between 

diets. Rattray and Joyce ( 1969) and J.:acRae and Ulyatt ( 1974) 

found when sheep were fed pasture above 74 % Dr>: digestibility, feeding 

level had little effect on DM digestibility. Further, when cows 

were fed pasture ranging in DM digestibility values of 65-78 i, 

differences in digestibility between different feeding 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 % uni ts. No comparable data 

are available for silage. 

While the proportion of food energy lost as heat production and 

methane are kno~m to Jecline as feeding level increases (Blaxter, 

1962; Rattray and Joyce, 1969), the overall ef..,ect of feeding 

level on tho metabolizability of pasture appears to be small 
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(Ulyatt, Dellow, Egan and Walker, 1973). 

silage (Smith, Wainman and Dewey, 1975). 

The same appears true for 

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. 

( b) 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 digestible 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 in their maturity 

dates, (Minson, Raymond and Harris, 1960; Minson, Harris, Raymond 

and Milford, 1964). Because stafse 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 d.igestibili ty of these fractions (Jackson and Anderson, 1968; 

Demarquilly, 1973). 

Comparisons of silage and pasture have also shown these foods 

to have similar ME values (Jackson and Anderson, 1968; I,;cDonald, 

Henderson artl !'facGregor, 1968; Jackson, 1971). Al though silage 

has a higher gross energy content than pasture, similar HS values 

are due to increased urine energy losses as there appears to be 

little effect on methane production (r-IcD02;.ald and Eu.v1ards, 1976). 

If silage does have specific effects on milk product:i.on 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 and the 

quality of the end-products of digestion. 

2.3.2.2 Effects of diet and level of fe2din,~ on rate and site of 

di.c,;estion 
( 

Diet and feeding level of forat;es have been shown to a.ffect 

the rate and site of digestiono Ulyatt and !1acRae ( 1974) found when 

different pasture species of similar apparent d~iestibili ty 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 

rauid in comparison to value :9ublished for lonr, dried fora,e;es 

(Minson, 1966; Weston and Hogan, 1971). 
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Beever, Thomson, Pfeffer and Armstrong, ( 1971 a) compared the 

sites of energy digestion of fresh grass and unwil ted silage in 

sheep and found that slightly less apparent die-estible energy 

disappeared in the st~mach (57 'J> v. 63 %) 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 nnd quantity of the end products of digestion. 

Iforeover, 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 (BJaxter and 

Martin, 1962). 

2.3. 2.3 Sffect of diet and feeding level on V?A uroduction 

Negligible amounts of soluble carbohydrate are tligested post­

ruminally on silage and pasture diets (Beever .tl al. 1971a; 

Ulyatt and 1facRae, 1974), therefore VFA's are the major energy 

source for the animal and are the major end-products of rumen 

digestion of structural carbohydrate. Experiments with sheep fed 

on a wide range of forage diets have shown that VFA' s comprise 

60-80 % of the daily NS intake (Annison and ·Armstrong, 1970). 

On pasture diets Ulyatt et al .. ( 1973) have' shown that VFA' s account 

for approximately 75 1o 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 .tl al. (1974) demonstrated the fraction of digested energy 

as rumen VFA's was improved when silage was treated with formaldehyde. 



- 34 -

Ulyatt and NacRae (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 stoichiometric relationships for 

rumen fermentation of carbohydrate. 

2.3.2.4 Effect 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 to 50 % when 

fasted ( Bergman and Wolff, 1971). 

As indicated in the following two sections, there are few 

reports comparine various types of roughage as sole diets for 

lactating cows. 'i'lhere 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 rurr.en 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 (Ande~son 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 

(Davis, Brown and Beitz, 1964; Schingoethe, S!ake 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; Yousef, Huber and Emery, 1970; 

Schingoethe et al. 1973). In contrast information on chanees in 

the VFA pattern of animals fed all forage diets associated 1·1i th 

milk composition changes is limited~ 

Bath and Rook (1965) have reported molar percentages for the 

individual VJ?A I s in the rumen of co11s 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 percentaee 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 propionic aci~ 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 ~dwards (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). In 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 pR (Balch, 1958; Kaufmann and R.ohr, 1966; Lawlor, 

Geisecke and Walser-Karst, 1966; Sutton and Johnson, 1969; Badie, 

Hyldgaard-Jensen, Mann, Reid and Whitelaw, 1970; Harrison, Deever, 

Thomson and Osbourn, 1976). In 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 s~ggests 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 Effect of diet and fe,3ding 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 sup~)lernented with fat by encapsulation 

(Chandler, Robinson, Ripper and Fowler, 1973; Bartsh, Ellis, 

HcLean, and Radcliffe, 1976) or by duo9-enal infusion (Bickerstaffe 

and Annison, 1971) increase milk fat yielJ. 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 (r.:cDonald, Henderson and 

HacGregor, 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 feediri.e 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; IfacLeod and ~Jood, 1972). 

2.3.2.6 Effects of diet and feeding level on protein digestion 

The main site of absorption of amino acids is ~he 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; IfacRae and Ulyatt, 1974). 

However the flow of amino N into the duodenum has been shown to be 

closely related to feeding level (J.iacRae and Ulyatt, 1974). 

Moreover the amounts of amino acids absorbed in the small intestine 

were mainly dependant on the amounts reaching the duodenum since 

digestibilities of amino acids in the small intestine were not 

affected by feeding level. 

J.iacRae 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 were small. 

There is no evidence that the quality of the amino !J 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 

M'acRae and Ulyatt (1974) measured significant differences 

between pasture diets, with a similar apparent nitrogen digesti bHi ty, 

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 Hanawa ryegrass (Io1ium 

perenne "Grasslands Manawa") whereas only 51' ~ and 41 i 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 percentage of dietary 

protein that was degraded in the stomach was a,:1roximately 70 ;t 

for all herbages,the extra microbial protein resulted in an 

increased flow of amino acids into the duodenum from i•7anawa. 

Consequent qualitative differences in the protein quality 



- 40 -

entering the duodenum ,·,ere reflected in small differences in the 

digestibility of the amino acids in the small intestine which also 

contributed to quantitative differences in amino acid uptake at this 

site. 

The quality of the amino acids absorbed a~pear to have a 

significant effect on· the utilization of protej_n by the animal. 

For each additional unit of food nitrogen supplied as perennial 

ryegrass, !fanawa or clover, 38, 43, and 42 i respectively were 

apparently absorbed from the small intestine as amino N" and 6, 26, 

and 24 ~ respectively were retained by the sheep (IfacRae and Ulyatt 

1974). 

These results demonstrate there can be marked differencGs 

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 quantity and quality of dietary 

protein flowing into the duodenum. 

These findings are supported by similar studies on nitrogen 

digestion of forage diets with sheep fitted with re-entrant 

canrrulae (Hogan, 1965a; Clark, Ellin£,;--er and Phillipson, 1966; 

Hogan and 1.-Teston, 1970; Coelho da Silva, Seeley, Thomson, Beever 

and Armstrong, 1972a,b; HacRae et al. 1972; --· Harrison, Beever, 

Thomson and Osbourn, 1973; Beever, Tho;:ason and Harrison, 1974) 

and by some limited studies with fistulated cows ( van' t Klooster 

and Boekholt, 1972; Tamcinga, 1973; Haegmeister, Kaufmann and 

Pfeffer, 1976; Hvelplend and !foll er, 1976). 

Coelho da Silva. tl El,. ( 1972a, b) found a significant correlation 

between the quantities of total amino acids presented at the 

duodenum and absorbed within the small intestine. This however 
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was not substantiated by Harrison _tl al. ( 1973) uho sugi:;ested 

discrepancies could be due to differences in the protein quality 

of duodenal digesta of sheep on different diets. The3r found marked 

increases in the concentrations of essential amino acids, 9articularly 

lysine and methionine in duodenal digesta on sorce diets, and tbese 

essential amino acids were preferentially absorbed in the sr:iall 

intestine relative to the non essential amino acids. Purser (1970); 

MacRae et al. (1972) and Hac:lae 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 ( Coe Tho da Silva et al. 1972a, b; Harrison et al. 1973). 

However l'lacRae and Ulyatt ( 1974) found little 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 absorptbn of 

total amino acids fron the small intestine and nitroeen retention 

(Hogan and ·weston, 1969; Hogan, Veston and Lindsay,. 1969; Hac:?.ae 

and Ulyatt, 1974) since Nimrick, Hatfield, Kaminski and Owens ( 1970) 

have shown methionine arrl lysine were the most limiting essential 

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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(c) 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 _tl. (1975) observed that about 30 per cent of dietary protein 

in fresh pasture diets is undegraded in the rumen and Beever ~ 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 baa major factor governing 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; Bryant 

and Newth, 1975). In 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, 

freezin&and chemical treatment with formaldehyde before ensiling, 

significantly decrease the solubility of the proteins (MacRae, 1970; 

Beever, Thomson and Harrison, 1971b; Beever __tl al.1974; Bryant 
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and New th, 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. When 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 quahtity of amino 

acids as fresh clover only 63 % reached the small intestine and 40 % 

were ap:,arently digested (Beever et al. 1971b). Similarly when 

silage was treated with formaldehyde the proportion of dietary amino 

acids undegraded in the rumen ro~e from 22 per cent to 93 per cent 

(Beever et al. 1974). Al though 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 imreased due to proteolysis 

(Waldo, Keys and Gordon, 1973; Goering and Wal~o, 1974; Castle and 

Watson, 1975; Donaldson and Edwards, 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 synthes::..s 

Since the majority of rumen bacteria use ammonia as a nitrogen 

source (Nolan and Leng, 1972) the av~ilability of ammonia is an important 

determinant of microbial protein production. It appears that 

maximum microbial synthesis occu~s when the ammonia concentration 

is around 5 mg NH3-N per 100 ml of rumen fluid (Satter and Roffler, 

1975) al though 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 lP.vels are 

characteristically high, with peak values reaching 20 mg NH3-N/100 ml 

for pasture and increasing with ensiling to 30-50 me NB3-N/100 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 Ed,rnrds, 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 less 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 

NH3-N into bacterial protein may be inadequate readily fermentable 

energy for the rumen micro-organisms (Smith, 1969; Hoean, 1975). 

Supplementation of silage with cereals reduces ammonia in the 

rumen ( Cast1e and 'lhomas, 1976; Griffiths and Bath, 1973) and results in 

large improvements in nitrogen retention (Conrad et al. 1961; 

Thomson, 1968; Griffiths, 1969; Griffiths and Spillane, 1970; 
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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, 

S NF and milk protein 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 microbial 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 in:: rease 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 ;16 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 direct 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; Oltjen, 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 ana./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 microbial 

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 n:itrogen prior to the duoJenum of sheep 

given herbages with a high nitrogen content (Hogan and Weston, 1969; 

Hogan et_&. 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, 1976)and Wilson, (1970) obtained small responses 

in milk protein concentration by 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 receiving mixed concentrate and rouehaee diets, 

supposedly having adequate energy and protein contents according 

to nutritional standards (Broderick et al. 1970; Hale et al. 1972; 

Spechter, 1972; Clark .tl al. 1973; Spires et al. 1973; Derrig tl..tl• 

1974; Vik-mo et al. 1974). Since casein was not serving primarily 

as an energy source theseresults have been taken ~o 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. 

be true for silage. 

The same may 
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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 corµusing 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 quantity 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 rations. 

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 silaee rations with either other forages 

(pasture or maize silige) or with protein concentrates. 

Some of the mechanisms that may affect the synthesis of milk 

and its constituents "uy cows on silage rations were then investigated 

in a series of experiments by examining effects on milk yield and 

nutrient utilization when intra-abomasal infusions of nutrients 

were made to these cows. 
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3 EXPERIMENTAL 

3.1 THE INFLUENCE OF L~L OF DIGESTIBLE ENERGY IJ."'TAKE ON THE 

YIELD AND COlTOSITION OF MILK OF COWS FED PASTUR,"-'.! OR UNWILT8D 

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; Huber 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 protein 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 from½ to f of the ration there was a decrease in 
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milk yield and milk protein content al though the average DMI 

remained similar. 

The effects of silage diets on milk yield and composition may 

therefore be explicable 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 composition 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 predominantly 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, DH 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 
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on silage. The animals contirrued 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) 9 0 %, ( C) 80 %, (D) 70 % of (A) 

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 apparent digestibilities of dietary 

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

Feeding, :Milking 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 offered 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 tw0 successive periods of 3 and 4 days in each week 

and preserved with Lactabs ( commercial pellets weighing 160 mg and 

containing K2cr2o7 ( 96 %) - Toinpson 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 periodo 

Sampling of Feeds and Residues - Each day a representative sample 

of each food offered, and aliquot portions 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 °c). Faeces samples 

were frozen (-20 °c) until analysed. 

Samuling of Blood and ~umen Liquor - Blood (15 ml) was 

collected from the jugular vein in heparinized vacutainer tubes 

(Becton-Dickinson, Rutherford, New Jersey) inunediately 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. 
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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, 196~and by the ferricyanide 

method using the Technicon Autoanalyser (Techni.con 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 °c 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 Hz304 (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, O. 5 ml 

phenol solution (2 g/1) was added, acidified with H3Po4 (85 % ''.½,.), 

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 (N2) flow of 

35 ml/minute). Concentrations of VFA were calculated by comparing 

peak areas with those of phenol, the internal standard. 

Crude protein (N x 6.25) was determined on undried samples of 

foods, faeces, and urine by standard Kjeldahl digestion procedures 

followed by steam distillation (AOAC, 1965). Water 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 (M..!ill) fibre was determined by the method 

of Clancy and Wilson ( 1966). 

Packed cell volumes were detennined using a micro haematocri t 

centrifugeo Plasma was analysed for~ 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/1w0• 75 were studied by 

multiple regression analysis using standard procedures (Snedecor, 

and Cochrane, 1967). Intersecting lines were fitted using the 
(4, 

technique of Guja~ti (1970). 
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The data were fitted to four mathematical models: 

( i) y .. = Bu .. + bixij 1J 1J 

( ii) Yij = Bu•. 
1J + b·x• • 1 1J 

( iii) Y·. = Bu·· + bx•. 1J l.J 1.J 

(iv) yij = Bu•· 1.J + bxij 

where uij = production data in Period I 

Yij = production data in Period III 

X· • = DEI/LWO. 75 in Period III 
1.J 

+ Ci 

+ C 

+ Ci 

+ C 

The partial regression coefficient B allows for the inherent 

production of the individual cow for mch 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/LW0.75. 

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 1-:0del ( iv)-( ii) tested 

different slopes with the same intercept. The effects of the 

rations fed ~ li bi tum 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 (.c.. LW) per kg 1v1°· 75 ( calculated using respective 

conversion factors of 3.14 ¥.iJ/kg FCM and 20.95 }YJ/kg6LW (Bath, 

Ronning, Myer and Lofgreen, 1965) on digestible energy intake per 

kg LWO• 75 were derived to provide estimates of maintenance 

requirements. 
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The metabolizabili ty of the diets were calculated by 

estimating the methane production during Period IV using the 

relationship (A.R.C., 196S) CH4 (MJ/100 MJ GBI) = 4.28 + 0.59 

(apparent digestibility of energy). 

Multiple regressions relating DEI as silage or pasture to 

F. C .M. , 6 LW, and LWO• 75 were also derived. 

The following symbols are used to indicate degrees of 

significance: 

Results 

+=P<0.10, *=P(0.05, **=P(0.01, ***=P(0.001, 

NS = not significant, P > 0.1 O. 

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 wj_th 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 nitro5en. 

Intake, Milk Production and Live Weight - When silage or 

pasture was offered to appetite in Period 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 tho digestibility of the nitrogen was highe~ and that of 

dry matter, O. 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 5. Chemical composition of diets 

Nutrient Pasture Silage 

DM % 15.7 ± 0.37a 17.7 ±. 0.37 

Composition of 100 g DM 

OM (g) 8708 ± 0.32 91.4 ±. 0.21 

MAD fibre ( g) 29.7 ±. 0.45 35.3 ± 1.23 

GE (:M.J) 1 .81±, 0.021 1. 79+ 0.010 

Total N ( g) 208 + 0.09 2.5 .± 0.08 

Soluble N (g) o.s ±. 0.04 1.3 ±. 0.03 

Soluble protein N (g) 0.49± 0.03 o.o ±. o.oo 
NH3-N (g) 0.08± 0.005 0.25± 0.005 

Soluble carbohydrate ( g) 5.s ± o.69 1.4 ±. 0.20 

Lactic acid ( g) Oo4 ± 0.25 8.6 ±. 0.42 

Acetic acid ( g) 0.4 ± 0.03 1.7±0.14 

Propionic acid (g) o.o ±. o.oo 0.1 ±0.03 
Bu+y·,c. ac ,cl. (RJ 0, I .:t: 0. 00 o .9 :r. o .oq 

pH 5.4 ± 0.04 3.9 ± 0.02 

a SEM, n ::: 6 
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TABLE 6. Intake ofDM (g/kgLW0.75/d) and DE (M.T/kgLW0.75/d). 

Treatment Period I Period II Period III 
I ,7!, 

DEI/LW 07s- mrr/1w•7s- DEI,!Ltv 
,7s-

m,rr/Lw -7C 
DEI/Ul 

."ls-
DHI LW 

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 Oe069 

TABLE 7 - Nean apparent digestibility coefficients of diets. 

Digestibility ( ;&) 
Item Silage Pasture SED Sign. 

GE 69o7 74.3 ± Oo64 *** 

DM 6808 75.8 ± o.69 *** 

OM 73o0 77o7 ± 0.58 *** 

N 6803 6501 ± 0.98 ** 

n = 8 
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TABLE B. Mean daily intake and yield and composition of milk of cows 
in Period II 1 • 

Item Silage Pasture SE'D Significance 

Milk yield (kg) 1107 13.6 ±. 0.42 *** 

Milk fat (g) 351 433 .t14.1 *** 

Milk protein ( g) 235 288 + B.3 *** 

Nilk lactose 421 489 .± 12 .4 **-II' 

Hilk fat ;~ 4.27 4.58 .± .0.071 *** 

Milk protein ·-:& 2.87 3.06 ±. 0.052 ** 

Milk lactose ~& 5.09 5.11 ±. 0.068 N.S. 

m,rr (kg) 9.59 13.68 .± 0.234 *** 

DEI (HJ) 120. 7 184.9 + 3.21 *** 

1 ( adjusted for variation in Period I, n==12) 
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in 14 % less milk, 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 :'field and composition of milk and b LW in Period III 

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 re~uction 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 con~ents 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 
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TABLE 9. Mean daily yield and composition of milk, and LW change in 
Period III. 

_(jJ A ctu_nl 7•:'}n_n.5 

Item ID~~ Ef:B tuI'Ci s.~o 
l. B G D E F G H 

Eilk yield (k,.,, 
, t; I 9.6 9.7 9.1 1.c 13. 7 11.6 1008 6.9 j.13 

Hilk fat ( g) 401 367 335 3·14 633 51~4 472 J73 153 

mlk protein ( g) 278 259 21.2 186 442 34-9 304 195 85 

NiJ.k lac'.;oGc ( g) 467 483 427 335 67G srn 576 326 158 

Hilk fat fa 4.15 3.85 3.68 4. 41 4.65 4.,64 4. 51 4.92 o.63 

Milk protein % 2.88 2.69 2.65 2.64 3r25 3.01 2.8G 2.87 0.19 

Kllk lactos .. ~ 7; 5 .. 04 4.99 4.70 '!. 77 4.91 4.93 5.46 4.55 0.52 

Liveweight ~ha-~ge+0.16 -0.83 -0.70 -0.70 -1.0B -1.58-1.56 ·-2.'i2 0 .. 62 
{kg) 

(ii) Adjuoted .. •!eans * R.S.D. 

Nilk yield lkf,) 8.6 9w 1 8.4 8.4 12.6 12. 1 9.9 9.~ 0.97 

Milk fat ( g) 323 353 359 347 556 553 .48'7 447 53 

}1ilk protein ( g) 229 241, 233 222 406 365, 304 253 30 

Milk lactose { c) 411 444 398 406 613 610 546 460 66 

Nilk fat% 3.98 3.90 4.12 4.15 4.45 4.57 4. 78 4.85 0.27 

r.d lk 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 4.79 '3~04 ?c56 4.84 Oe35 

* ~Adjusted for variation in Period I, tl::3) 



TABLE 10. Relationshi.Vs between milk variates and DEI/Lwo. 75 (M.J/kg Lwo.?5/d) of silage (s) or pasture (P) in 
Period III \Model i). 

Item Mean S.D. BJl ± S~ Sign Ration bx.±. SE Sign C R.S.D. 

Milk Yield (kg/d) 9o82 3.41 O.8OO .± 00064 *** s 1. 206 .± 2.436 NS -3.597 Oo96 
p 3.699 .± O.8O2 *** -5.413 

R 

Oo97 

Milk Fat ( &(d) 167 00843 .± O.OT5 *** s 23.98 ± 123.62 NS -173 50.4 0.96 
428 p 119.73 ± 42.32 * -163 

Milk Protein ( g/d) 282 107 00749 + 0.062 *** s 63003 + 68.70 NS -155 27o3 0.97 
- p .160.02 ± 22.87 *** -221 

T-Tilk Lactose {g/d) 486 s 31.51 ±· 167 .44 176 0.828 .± O.O89 *** 
NS -169 64o7 Oo94 

p 146.44 ± 54.65 * -213 

Milk Fat% 4.35 0.662 00857 .± 00093 *** s -o. 694 ± o. 629 1\TS 1,215 0.24 O.95 
p -O.46O ± 0.192 * 1. 639 

Milk Protein % 2.86 O.251 O.623 ± O.152 *** s 0.293 .± 0.369 NS O.415 O.15 Oo85 
p O.488 .± 0.122 *** 00363 

Hilk Lactose% 4.92 00503 10562 .± 00349 *** s 0.289 .± O.965 NS -2.537 Oa38 O.73 
p 0.322 ± 0.312 us -2.120 

( i) p. denotes production in Period I 

( ii) X denotes DEI/kg v.P· 71n Pe:::-iod III 

( iii) 11:ea.n DEI/kg LWO·l~-= 1. 44 .± 00 30 

O'\ 

°' 
I 



TABLE 11. Relationships between milk variates and DEI/1w0• 75 (MJ/kg 1w0• 75 /d) of silag-e (S) or pasture (P) 
in Period III. 

Item Mean S.D. Bf.± SE Sign Ration bx.± SE Sign C R.S.D. R 

Milk Yield (kg/d) 9.82 
s 2.41 ± 0.93 * 3.42 0.79 .± 0.06 *** -5.31 0.94 0.97 p 3.57 .± 0.75 ** 

Milk Fat ( g/d) 428 167 0.84 .± 0.01 *** s 17.7 .± 47.46 NS -164.5 49.1 0.96 p 120.5 .± 38.59 ** 

Milk Protein (g/d) 282 s 106~3 .± 26.6 *** 107 0.74 .± 0.06 *** -211.1 27.0 0.97 p 155 .1 ± 21 .4 *** 

Milk Lactose (g/d) 486 175 Oo82 ± 0.08 *** s 60.9 ± 63.82 NS -206.8 63.1 0.94 p 143.6 ± 51.30 * 

Milk Fat% 4.35 o.66 o.87 .± 0.08 **it-
s -0.48 .± 0.178 * 

o.ss 
0.23 0.92 p 1. 62 

Milk Protein% 2.86 0.62 ± 0.14 s 0.34 ± 0.136 * 0.,25 *** 0.36 0.14 0.80 p 0.48 .± 0.113 *** 

Milk Lactose% 4.,92 0.50 1.58 ± 0.34 *** s -0.56 .± 0~36 NS -2.24 0.37 0.72 p -0.29 ± 0.28 NS 

( i) p denotes production in Period I 

( ii) x denotes DEI/kg LWO• 75 in Period III 

(iii) Mean m:r/kg LW o. 75 = 1 .44 .± 0.30 

0\ 
-J 

I 
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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 feeding 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 ratio of acetate and propionate 

in rumen liquor with the feeding level of pasture,and the 

coefficients are shown in Table 12. 

When cows were offered silage, the PCV % in blood increased 

with time from feeding whereas there was a small decrease in PCV ·1 

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 o< amino N in blood plasma increased with time 

from feeding on both rations. Positive interact~ons occurred 

between feeding level and plasma urea for cows on the silage 

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



TABLE 120 Mean molar percentages and concentrations of individual and total VFA in the rumen liquor, and molar ratios 
of acetate to propionate. 

Concentration (meoL100 ml} of VFA Molar % of Total VFA HAc i 
HAc HPr HBu Total HAc HPr HBu HPr i 

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 1 o. 1 2.9 

D 5.67 2.18 0.89 8.74 64.8 24.9 10.3 2.6 

b + SE -0.73;±_0.92 -0.02.±9.26 1.4;±_1.04 -0.68;±_0.44 2.5±3.8 -4.0.±,2-7 1.5.±,2.4 o. 59.±,0 .4 7 
-J 
O'I 

Pasture: 

E 4.42 1 .19 1.09 6.68 66.4 17.4 16.2 308 
F 4o96 1.60 1.44 8.01 61 .9 20.0 18o0 3.8 
G 5o28 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 

+ 
3. 1.±,1 .4 

,Jf- * b + SE -0. 4 3.±,(\, 4 7 -0. 25.±,0. 17 -1 .1.±,0.8 -0.48±_0.18 -2. 7.±. 1 . 1 -1. 1.±,0. 7 0.82±_0.27 

S.D. Oo51 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 concent~ations in plasma immediately prior to feeding (Oh) 
and 3h later (adjusted for Period I). 

PCV % Plasma Urea (mg/100 ml) Plasma AminQ___N' ( mg/1) 

0 h 3 h 0 h 3 h 0 h 3 h 

SILAGE 

Group A 33.1 36o7 10.6 15.9 25.0 29o2 

B 31.2 32.9 10.0 15o3 20.6 26o2 

C 27.8 3208 13o4 15.8 23.9 29.6 

D 30.8 32o5 13.9 15.8 26.0 3201 

Mean S 3008 33.7 11'o9 15.7 23.9 29.0 
Mean diff ere nee 
(3 h - 0 h) ± SED 2o9 ± 1 oO ** 3.8± 0.4 *** 5.1 .± 0.9 *** 

PASTURE 

Group E 34.6 30.4 14.2 16.9 25.5 34o4 
F 33o9 29o3 12.3 15.0 29 .. 8 38.0 
G 30.8 33.2 13.5 15.9 24.4 29.7 
R 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 
(3 h - Oh).± SED '."'1.3.± 1.0 2.7 ± 0.4 *** 5.8,± 0.9 *** 

Mean Difference -2.0 +2.2 1.1 o.o -2.0 -2.7 
of diets (s - P) 

SED 1.2 1.1 1.9 

-1 
-1 

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

Item 

N, % of intake 

Faeces 
Urine 
Nilk 
Retention (NR) 
Nilk + NR 

N, % of digested 

Urine 
Milk 
Retention (HR) 
1-!ilk + NR 

GE, % of intake 

Faeces 
Urine 
Methane ( est) 
J:.:ilk 
Residual ( est) 
J:.:ilk and Residual 

GE,% of digested 

Hilk 
Milk and Residual 

GE, % of ME 

Hilk 

Hetabolisable Energy 
(HJ/kg DH) 

Silage 

31.6 
42.4 
17.8 
8.2 

26.0 

6201 
26o0 
11.9 
37.9 

30o3 
4.8 
804 

1806 
37.9 
56o5 

26.6 
81.0 

32.8 

Pasture SED Significance 

34.8 + 1. 21 ** 
4806 + 2.6 + 
24.1 + 1. 6 ** 
-706 ± 2.0 *** 
16.4 .± 2.5 ** 

7408 ± 3o5 * 
36o9 ± 2o4 ** 

-11.8 ± 2.3 -l':·* 

25.1 ± 3.5 * 

25.6 ± Oo7 **·ll-

4.3 ± Oo3 ns 
807 .±. 0.03 *** 

21o3 ± 2o0 NS 
40.1 ± 1.8 NS 
61.4 ± o.s *** 

28.5 ± 2.8 NS 
82.5 ± 0.5 * 

34.6 ± 3o3 NS 

11.3 .± • 3 ** 
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pasture (Table 13). 

Parti tionin1; of Dietary Nitro 1~n and :Snerg;y (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. Hi tro gen 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 

urinar~ 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 
1 

percentage of dietary energy in faeces, and a lower percentage in 

methane, and ME, for silage compared with the pasture diet. The 

mean 1£ contents of the silage and pasture diets were 10.0 .±. 0.3 

and 11.3 ± 0.7 M.J 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). 

Discussio.!2 

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

t d lactose than when pastur_ e was offered. 
protein, fa an 

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~ 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 f0rage 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 

concentr~tions 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 milk 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 

to be of major importance. The lower milk fat synthesis by cows 

fed silage was also associated with a large reduction in the molar 
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percentage of rumen butyrate. Since butyrate is metabolized to 

B-hydroxybutyrate, a major precursor for milk fat synthesis(smith et al. 

1974), this fac~or 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 milk containing 

more nitrogen, expressed as a percentage of dietary nitrogen, than 

cows offered silage al though 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_&. (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 .ln 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 silarse would 

tend to increase rumen ammonia concentrations (Sniffen, 1973; 

Donaldson and Edwards, 1976), and lower soluble carbohydrate in 

silage would impair assimilation of ammonia into microbial protein 

(Smith, 1969). This may promote increased amnonia absorption 

from the rumen (Armstrong, 1974) reducing the amount of dietary 

protein entering the duodenum (Hogan and Weston, 1969; Hogan et &• 

1969; IfacRae et &• 1972). However these possibilities cannot 

be substantiated from the data presented here and furthermore it 

is not able that no differences were observed in plasma levels of 

urea oro< 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 al though 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/HE was not significantly higher for pasture than silage. 

This discrep•ncy 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 1''iE intake to support a higher 
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milk production or maintenance requirement. 

Effect of Level of Feeding on Nilk 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 those of pasture, but they 

were not significa11t. The small range of silage intakes studied· 

would have contributed to this result. 

The lack of a relationship between milk protein percentage 

and silase 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. Tpese effects may be 

due to the variations in the rumen fermentation pattern since 

increasing pasture intake raised th~ molar percentage of acetate 

and decreased that of butyrate which a~e known to have specific 

effects on fat synthesis and milk fat content respectively (Rook 

and Balch, 1961)0 However the molar ratio of acetate and 

propionate increased with increased pasture intake and was therefore 

negatively related to trends in milk fat percentage. Since this 

is contrary to other findings (Armstrong arrl Prescott, 1971) this 

suggests this factor may be relatively unimportant in accounting 
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for the effects of pasture intake on milk fat percentaG8• A 

decrease in the availability of milk fat precursors could also 

arise if tho decreased live-weight loss associated with increased 

pasture intake reflected lowered fat mobilization in adipose tissue. 

The lack of variation in milk l~ctose 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 11,fpothesis that lactose is the major determinant 

of isotonicity between milk and blood (Rook and Wood, 1959). 

However other studies with silaee and pasture respectively 

(Fisher et Ed_. 1975; T.E. Trigg, unpublished) have shown milk 

lactose to vacy 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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3o2 TH8 EFFECTS OF WILTED, FORMALIN TREATED, AND U!JWILTED PASTURE 

SILAGES ON THS YI~LD AND CONPOSITION' 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 produc,ed 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 Whi ttenbury, 1967; Jackson and Anderson, 1968; :McDonald, 

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 moisture 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 Methods 

Preparation of Sila~es The silages were made in late spring 

1974, from a corrur:on perennial ryegrass (Lolium perenne)/whi te 

clover (Trifolium renens) pasture mixture approaching ear emergence. 

The unwil ted silage ( C. S.) was cut with a single chop flail 

harvester. Harvesting of the formalin treated silage was similar 

with formalin (35 % w /v HCHO) added (5 1/t wet weight) by an 

a?plicator attached to the harvestero 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 

0 
-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 II). 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, 

mil~ 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 (bb) and 3h later. ~umen 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 stand~rd 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 VJ.AD 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 1o for DEI, and by 8 

and 24 % for DNI, respectively. 
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TABLE 150 Chemical composition of diets. 

Nutrient C.So F.S. w .s. 

DM (%) 2108 ±. 0.03 a 22.9 .±. 0.03 56.7 .±. 0.03 

Composition of 100 g DM 

OM (g) 85.6 ±. 0.47 85.5 .± o.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 

NH3-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 .± o. 1 6 

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 o.o .± o.o 
n-Butyric acid (g) 1.5 ± 0.05 o.o .±. o.o o.o .± o.o 
Isobutyric acid (g) o.o ± o.o o.o .:!: o.o o.o .± o.o 
n-Valeric acid (g) o.o ± o.o Trace o.o .±. o.o 
I sovaleric acid ( g) Trace Trace o.o .±. o.o 

pH 4.3 + 0.04 4.3 .± 0.06 5.0 .± 0.06 

a SEM, n = 6 

TABLE 16 - Hean apparent digestibility coefficients of diets. 

Dieestibilit~ {%) 
Item c.s. F.S. w.s. SED Sign. 

6201 52o7 58.8 2.40 * GE 

DM 60.0 5306 60.8 2.42 + 

OM 64.6 58.0 61o7 2.24 + 

N 60.5 44.8 55.4 1.54 *** 

n = 3 
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Milk Yield and Comnosition, and Live-weight Chang-e (Table 17). 

Diet significantly affected the yields of milk, protein, 

lactose und 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 ware 

significant. Levels of silage intake had no effect on milk protein 

percentage. There was no relationship between milk lactose 

percentage for either diet or feeding level. 

The relationships between the milk variates and DEI/Lw0.75 

(Model i) are summarized in Appendix 6. Since no significant 

differences were obtained between partial regression coefficients 

fore ach silage, coefficients were derived from the pooled 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 significantly higher yields of 

milk, fat, protein and lactose and a higher milk protein percentage 

(Table 18, Figures 10-15). Similarly at the same DEI/LW0.75 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 Lo\·el Eilk Protein Protein Fat Fat Lactose Lactose 6LW 
(kg/d) (g/d) % ( cl c1) % ( g/d) % ( GI d) 

C .S. 100 7oi9 216 3.01 334 4.69 31:-2 4o 7·1 123 
75 604-0 189 3.01 292 4.70 307 4.78 103 
50 5011 158 3.15 252 4.98 241 4.73 -597 

F.S. 100 6.81 209 3o12 334 4.95 323 4o75 908 
75 5036 173 3.23 282 5.28 250 4065 -211 
50 4.;_;s 161 3.21 264 5.27 231 4067 -25 

w.s. 100 7.54 242 3.27 366 4.95 354 4.69 1090 \.0 _. 
75 5090 185 3.24 278 4.94 278 4070 258 
50 • 5.49 171 3.06 2e.5 5.19 250 4.63 62 

Diet ·Eeans C.S. 6.23 188 3a05 293 4o79 297 4.75 -192 
F.S. 5.68 181 3.19 293 5.17 268 4.69 224 
w.s. Ga31 200 3.20 309 5.03 294 4. 68 470 

SED Oa24 7.60 0.01 13.40 0.12 12.40 Oo04 280 
Sign. * + :NS HS * T NS + 

Level I'-Ieans 100 7. 18 223 3.13 345 4.86 3½-0 4.73 -707 
75 5.89 182 3.16 284 4.97 278 4o 71 -19 
50 5.16 163 3.15 267 5.15 240 4.68 -187 

Sign. *** *** !IB *-~* + *l(-* ~~('I 

* .i.'ii..) 

Diets x Level Sign. XS KS NS lTS ,·c-
.lJ..) 

°'\TC, . ... ~, .. ) 7\.,.::-0 
J.,..J I'i"3 



TABLE 18. Relationships between the milk variates and DEI/Lw0.75 (MJ/kg 1w0-75/d) in Period II (Model iii). 

Item !•:ean Bp ± SE bx± SE I:nt,3rcc'OtS •·Tc,~,_n r,.,..,:JC. (.-., ~if;n. of Diffs. • ,.,-...,1,, - .J. • • ........ 

s FS ws R R.SD ;; .,, .... •,T·_• ;..;v /;._; s·v=:TS F:3'V.1S r;;, ,,.., 

·Y.·*·* -1!-l!·¼ 

I(ilk kg/d 6.08 0.81 .± .062 2o 68 .± • 380 -4.16 -3082 -3.49 0.95 0.579 5o 74 6.03 6.41 HS * ?J3 

g/d 29805 
·lHHi• ·*** 

Fat 0.82 ± .073 104.7 .± 19.92 -15400 -12005 -115.4 0.93 30.39 274. 308 313 * * NS 

Protein:;/d 189.4 
·¥.-*-K· 

*** o. 73 .± .062 81o2 ,± 11.56 -106.5 -8702 -77.3 0.94 17.47 173 192 202 * ** NS 

Lactoseg/d 286.2 *** *** 0.81 .± .066 131.6 .± 19.39 -202.4 -18607 -175~3 0.94 29.49 272 287 299 NS + NS 
I.!) 

*** * 
I\) 

Fat ;-; 4.99 0.99 .± 0.86 -0,41 .± .150 0.90 1. 12 1.03 0.93- 0.23 4.88 5.10 5.01 + ns NS I 

Protein ~ 3.15 o. 97 .± .131 -0.03 .± .097 0.15 0.26 0.28 0.84 0.15 3.06 3.18 3.20 NS + NS 

Lactose :~ *** 
4o70 Oo91 .± .089 0.01 .± 0050 0.35 o. 31 0.29 o. 91 o.os 4.74 4.70 4.68 :rs NS Jrs 

( i) f denotes production in Period I 
(ii) x denotes Dil:I/kg 1wO• 75 in Period II 
(iii) overall mean DSI/kg LW0.75 = 1.19 + 0.33 
(iv) a= adjusted mean production at overall mean DEI/LW0.75 
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Pooling the regression coefficients for the relationship 

between live-weight change and DEI/uv°• 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 were less for cows feeding 

on formalin treateJ 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 

bt:.tyrate was lower in rumen fluid of cows fed control silage 

compared with the other traatment rations. Higher levels of 

feeding were associated with increased molar proportions of 

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

Blood 11Ietaboli tes ( Table 20) - Diet had no effect on PCV ',& 

al though 3h after feeding PCV % was higher at the lower feeding 

level. Before feeding, plasma urea levels were significantly 

hi~her for cows fed on control silage than wilted silage, and 3h 
0 

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 N"i trogen 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 Co::c ~:r.eqL1CO ml) of 1rFA i-:ol.'..lr 1, of \?A 
T•' 
.:,n.C EPr F..3u hva Total E.Ac II:.'r 1n3"J EVa 

c.s. 3 h 3. 21 1.29 Oo90 0.33 5.78 5506 22.4 15.4 6.5 

F.S. 2086 1.02 0.90 0.22 5.01 57.2 20o4 17.8 4.4 
w.s. 3.1}4 1.30 1o16 0.30 6.18 55.7 20.6 18.7 408 

SED o. 21 o.os o.os Oo03 0.38 1.02 0.46 0.76 0o44 
Signo * ** * ** * KS ** *'~ ** 

LeYel 100 % 3.25 0.99 1.32 0.29 5.74 55.6 21 . 1 17. 1 4o9 

501, 3.09 0.98 i.23 0.31 5.56 55.5 21 .2 17.6 5.5 

SED 0.17 0.07 0.06 0.02 0.31 0.83 0.38 0.62 0.36 
Sign. HS 1\TC' l,.., !TC, 

i0 NS NS 'f\T(:f .,.; lJS I-rs NS 

c.s. 12 h '3.09 1.05 0.74 0.16 5.01 61. 9 20.7 14.6 3. 1 

F.S. 3o22 1 .01 0.86 0.11 5.19 62.0 19.4 16.4 2.1 
w.s. 3.46 1 .10 0.88 0.13 5.55 62.6 19.7 15.5 2o2 

SSD 0.22 o.os o.os Oo02 0.37 0.88 Oo44 0.82 0.27 
C'. 17S l'JS IIS ,j(- NS -r~ t:- ..X· *,~~ ,_;).~. .-.,1_ 

Level 100 % 3.44 L19 0.94 0.17 5.74 59.8 20.8 16.3 3.0 
50 7~ 3.07 0.91 o. 71 0.09 4.75 64.5 19o0 14.8 1.9 

S~D o. 18 0.07 0.07 0.01 0.30 0.72 0 ·;:c; . .,,, . .,,,, 0 r.., .~, 0.22 
Si:;11. + ~:· ;} -l(.* '1.-·X··X· ·'+·* X··Y·* ~x• -X· ~~· :,;3 ·'.,➔H(· 

..... 
0 
0 

I 



TABLE 20. Effects of diet and level of feedin~ on PCT%, urea and o< amino N concentrations in plasma immediately 
prior to feeding (Oh) and 3h later tadjusted for Period I). 

Diet/Level PCV % Plo.sr:::i t:'r<:>::i. { r::,,./rno ml) Pl2.s~~ ,\'.;;i no lT ( r.:_,,./1) 
O h 3 h O h 3 h 0 h 3 h 

c.s. 32.8 33.4 12. 5 17. 3 31.3 36.9 

F.S. 33.4 32.9 10.8 1,t .1 33.9 37.2 

w.s. 32.0 32o0 10.4 15.8 34.6 40.0 

SED 1063 1.52 0.79 0.99 2.3 1.76 
Sign. NS } TC 

;C, * * }TS NS 

Level 100 ''.'6 31.7 30o7 9.2 15.9 32.7 38.8 
50 ~ 3308 34o9 11 • 6 15.6 · 33.8 37.2 

SED 1o25 Oo97 o.66 0.82 1.98 1.46 
Signo NS ** rrs HS l•C' ,u NS 

_., 
0 _., 

I 
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TABLE 21. Effect of diet on partitioning of nitrogen and eross energy. 

Item 

N, % of intake 

Fa8cos 
Urine 
!•ii lk 
Retent:i on (lB.) 
l•iilk + NR 

N, % of digested 

Urine 
J:ilk 
Eilk + NR 

cm; % of intake 

Faeces 
Urine 
Nethane ( est) 
I-:ilk 
Residu::u ( est) 
Eilk + 1.esidual 

GE, % of digested 

Urine 
I•:ilk 
Hilk and ~csid.ual 

1:etaboli sc1-ble Snergy 

(EJ/kg D:-1) 

c.s. 

39.4 
45.3 
13o5 
108 

15.3 

74o9 
22.3 
25 .1 

37o9 
5. 1 
7.8 

12. 7 
36.4 
49.2 

8.2 
20.8 
79. 1 

F.S. w.s. SED 

55.2 4306 1.23 
3Oo9 41.7 O.59 
12 0 1 14.3 1.56 
1.s 0.5 1. 95 

13o7 14o7 1 . 11 

69o2 73.8 1.89 
27.1 25.3 2.90 
3Oo5 2601 1.72 

46.8 41.4 2.,4-6 
3.5 3.8 0.19 
7.5 7.8 O.18 

12.3 12. 5 1 0 71 
29.9 34.5 3.90 
42.2 46.9 2.54 

6.6 6.5 O.52 
23.1 21o3 3.33 
79o3 oo.o 1o03 

8.8 

:.3ir;no 

**,.._ 
*·lH!· 

l~S 
NS 
r-:s 

+ 
HS 
+ 

-~ 
** 
l ... , ·,~ 
•,rec 
J.\.J 

HS 
+ 

* 
NS 
irs 
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intermediate. Nitrogen retained in milk and tissue as a 

percentage of digested nitrogen was highe:r; whereas that in urine 

was lower, for the animal·s fed formalin treated silage compared 

with the other rations. Milk N as a percentage of DN, was higher 

for formalin and wilted silages compared with unwilted control 

silage, but was not significant. 

Excretion of energy, as a percentage of energy intake, by 

cows fed formalin treated silage was higher in f;:;.eces and lower 

in urine than cows on the control silage, the wilted silage 

treatment being intermediate. En~rgy excreted in urine, as a 

percentage of digested energy was higher for the control ration 

than the other rations. 

The overall ME content of the formalin ration was estimated 

to be 7. 4 MJ/kg DM, which was less than the 8. 8 MJ/kg DM of the 

other silages. 

Discussion 

In Experiment 3.1 it was shown that milk production of cows 

offered ensiled herbage was lower than on fresh herbage at similar 

intakes of DE. The present study unequivocally demonstrates 

that different silages differ in their effects on milk production. 

In comparison to cows fed on control unwilted silage at the same 

intake of DE, cows fed wilted silage produced more milk, fat, 

protein and lactose and had a higher protein concentration, whilst 

cows fed formalin treated silage produced similar quantities of 

milk but higher yields of fat arrl protein,and a higher milk fat 

concentration. Whether the effects observed with the wilted 

silage were due to the wilting or to the precision chopping is of 
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no importance in the present instance. As in the pasture silage 

comparison (Experiment 3.1) diet type had no effect on lactose 

concentration. 

The level of DE inta.~e of the silages was not related to 

protein percentaee which is consistent with Experiment 3.1 and 

confirms the inferences of Hutton et al. (1971) and Lancaster et al. -- --
( 1 974). This result is in contrast to that achieved with 

increased pasture intakes which increased milk p~otein percentage 

(Experiment 3.1). Milk lactose percentage was not affected by 

the DEI of the silages but milk fat percentage was negatively 

related to the level of silage intake. These results are also 

consistent with those observed in Experiment 3.1 which were 

discussed previously on p.83-84. 

Differences between the rations in the concentrations and 

molar proportions of VFA in rumen fluid may reflect possible 

quantitative and qualitative differences in energy absorption from 

the rumen ( Leng, 1970b). The lower milk fat and milk protein 

contents of cows fed unwilted silage coincided with an increased 

molar percentage of propionate, decreased butyrate, and a decrease 

in the molar ratio of acetate to propionate. Again, these results 

are consistent with those observed in Experiment 3.1 and were 

discussed in that section (p.80). It is suggested that since 

butyrate: is a precursor of B-hydroxy butyrate (Smith, McCarthy and 

Rook, 1974) the reduction in the proportion of butyrate may 

contribute to the lower milk fat synthesis. It is also apparent 

that factors other than the molar proportion of propionate may be 

more important determinants of milk protein synthesis. 
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Although the gross energy content of the silages were similar, 

differences occurred in the partitioning of energy between the 

silages. Cows fed formalin silage excreted more energy in faeces 

"' and less \urine than cows fed control silage suggesting rumen 

digestion was more extensive for the latter. Higher levels of 

valera te in rumen liquor of these animals would also suggest a 

more extensive rumen degradation of the protein in control silage 

( el-Shazly, 1952). Increased urinary energy losses of these cows 

may therefore be due to increased losses of nitrogen from the rumen. 

The significantly higher solubility of nitrogen in control silage 

in comparison to formalin silage, and the higher levels of blood 

urea nitrogen for animals fed control silage would support this 

possibility. However this increase in both urinary energy excretion 

and blood urea nitrogen levels shown by the cows fed the control 

silage may be associated in part with an increased tissue loss 

since these animals showed the greatest loss in live weight. 

Nitro gen contents of the rations were similar, but there were 

marked differences in the partitioning of dietary nitrogen by the 

animal. Formalin treatment reduced the digestibility of dietary 

nitrogen, caused a marked decrease in ammonia content, indicating 

reduced proteolysis during ensiling, and a fall in the solubility 

of the nitrogen. Formaldehyde apparently bonds with dietary 

protein inhibiting proteolysis both during ensiling and in the· 

rumen (Barry, 1976; Wilkinson, Wilson and Barry, 1976). 

Beever ~ al. (1974) indicated that when silage is treated with 

formalin, substantial quantities of dietary protein escape rumen 

degradation to increase the amount of protein entering the 

duodenum. such a mechanism may therefore account for the increase 
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in milk protein yields of cows on formalin silage. If present, 

this effect was probably much less for the wilted silage since the 

effect of wilting_ on nitrogen digestibility was less pronounced than 

formalin. Also, wilting did not alter the solubility of the 

nitrogen but it did reduce the ammonia level in the silage 

indicating that although proteolysis may have been as extensive as 

in the control silage, deamination was less. 

Since microbial use of ammonia is limited by the availability 

of energy (Smith, 1969), the higher soluble carbohydrate content of 

wilted silage may enhance microbial protein synthesis and thereby 

reduce the loss of dietary nitrogen as ammonia absorbed from the 

rumen (Armstrong, 1974). Reduced plasma urea levels of cows fed 

wilted silage compared with the control animals support this 

possibility. An increased flow of protein from the rumen as a 

result of reduced losses of dietary nitrogen from the rumen and 

increased microbial protein synthesis may account for the increased 

yields of milk protein of cows fed wilted silage. 

Despite the possibilities that formalin and wilted silages may 

result in increased quantities of protein entering the small 

intestine, increased uptakes of amino acids by animals on these 

diets could not be substantiated by plasma~ amino N concentrations. 

PCV % was also not altered by the silage rations suggesting that 

changes in milk composition and PCV % were unrelated. 

In summary this experiment has indicated that milk yield and 

composition can be changed by modifying the fermentation of silage. 

Degradation of dietary protein and/or soluble carbohydrates during 

ensiling appear to be major factors affecting nitrogen utilization 
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and milk protein synthesis. The next experiment therefore 

examines the effect on yield and composition of milk of cows fed 

unwilted silage .and given protein or energy supplements. 
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3. 3 TIB ~FF~CTS OF F:SE:DI NG SUPPLEMEI\"TS WITH PASTURE SILAGE ON 

:MILK YI:SLD AND COMPOSITION 

Introduction 

In the previous experiment (3.2) attention was drawn to the 

possibility that the effects of unwilted silage on milk yield and 

composition may be associated with reduced amounts of protein 

entering the duodenum as a result of low dietary true protein in 

silage and reduced utilisation of ammonia for microbial protein 

synthesis. 

Other experiments have shown that yield and composition of 

milk from cows can be altered by feeding supplements with silage 

such as pasture (Bryant and Donnelly, 1974; Hutton, 1975), energy 

concentrates (Murdoch, 1962; Griffiths and Crowley, 1973), or 

mixtures of energy and protein concentrates or dried grass 

(Murdoch, 1962; Castle and Watson, 1969, 1974, 1975; Butler, 1973, 

1974; Griffiths and Crowley, 1973). 

In many of these reports the specific effects of the 

supplements were confounded by cha."lg'eS in silage and total intake 

and/or changes in proportions and levels of concentrates fed. 

Furthermore the effects of the supplements on milk yield and 

composition have not always been compared with those from cows 

offered silage as a sole ration. 

This section describes two experiments that were carried out 

to obtain more information on factors affecting yield and composition 

of milk of cows fed silage. In the first experiment, silage was 

supplemented with pasture or maize silage, and in the second 

experiment with protein concentrates. 
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I1:aterials and J\Tethods 

Bxneriment 3.3.1 

General Desien - Twenty seven Jersey cross-bred cows approximately 

5-7 weeks postpartum were removed from grazing and individually fed 

in stalls for 10 days on a mixture of pasture silage, maize silage 

and pasture (1/1/1) for a period of 10 days (Period I). Cows 

were assigned to nine equal groups on the basis of their food intake, 

LW, yield and composition of milk, during the last 7 days of 

Period I. Unwilted pasture silage, pasture silage plus maize 

silage ( 50/50) and pasture silage plus pasture ( 50/50) were each 

offered at three levels of intake. The feeding levels imposed 

were ad libitum or either 75 or 50 fa of the amount eaten by tne 

individual animals during the last 7 days of Period I. The 

treatment rations were offered over the next 21 days (Period II), 

after which two cows from each of the 75 and 100 % feeding levels 

of each ration were housed for 10 days in metabolism stalls for 

nitrogen and energy digestion trials. 

Preparation of Foods - The pasture silage was made with a flail 

harvester from a predominantly rye grass ( Loli um nerenne) /white clover 

(Trifolium renens) pasture in spring, 1974. The maize silage was 

harvested at the dent stage with a precision chop harvester in the 

autumn, 1975. Both silages were ensiled in bunkers, and covered 

with polythene film after consolidation. The pasture herbage, 

also predominantly ryegrass and white clover, was harvested in the 

autumn with a rotary mower and stored at -20 °c. The silages were 

removed from the stacks immediately prior to the experiment and 

0 
stored at -20 C. 
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Feeding, Milking and Weiehing - Feeding was from 0800 to 1300 h 

and 1600 to 2100 h. Sufficient of the foods were removed from the 

freezer each afternoon and allowed to thaw over-night. During 

Period I the foods were fed separately to supply one third of the 

ration. All cows in Period! and those cows fully fed in Period II 

were offered 115 % of the previous day's estimated dry matter intake. 

The cows on mixed rations were offered the rations alternately 

every 2 hours. After the first week of Period II the amount of 

food offered to the animals on the restricted feeding levels was 

adjusted according to the percentage change in DMI/Lwo. 75 of the 

fully fed cows for each ration in relation to intakes in Period I. 

The animals were confined in a loafing barn when not being fed or 

milked during Periods I and II. 

In the digestion trial cows were offered the same quantity of 

food with the same feeding routine as in Period II. 

Procedures for milking and weighing cows, and sampling milk 

were similar to Experiment 3.1 except that milk samples were bulked 

over three successive periods of 2, 3, and 2 days each week for analysis. 

Sam"'.)lin1'; of Foods, B.esidues 1 Faeces, and lTrine 

Sampling procedures were as outlined in Experiment 3.1. 

Blood and Rumen Fluid - Samples of blood and rumen fluid were 

obtained from the cows in the 100 ~ and 50 i feeding levels of each 

ration. Blood was collected on the last day of Period I and II 

immediately prior to feeding ( 0 h) and 4 h later. 1lumen fluid was 

sampled at Oh on the last day of Period I and at Oh, 4 h, and 

12 h, on the last day of Period II. 
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Analytical and Statistical Analyses - Procedures followed were 

as described in Sxperiment 3.1. Effects of treatments on milk 

yield and composition were also compared by analysis of variance 

(Snedecor and Cochrane, 1967). 

Exueriment 3.3.2 

Treatments - Pasture silage fed as a sole ration was contrasted 

with two rations of pasture silage supplemented with a protein 

concentrate to provide either 8.5 1& (PC1) or 17 % (Pc 2) of the total 

dry matter offered. Each of the three rations were offered at 

three levels of intake; ad li bi tum or 75 % and 50 -1 of the individual 

am.mal' s DH intake of silage over the 7 days immediately prior to 

the treatment period. 

Foods - The silage was cut from a predominantly ryegrass 

(Lolium perenne) / white clover (Trifolium repens) pasture with a 

forage harvester in spring, 1975, and ensiled in a bunker and cov-ered 

with polythene film. The protein concentrate consisted on a dry 

matter basis of 60 % soyabean meal (Solvent extracted), 15 ~ meat_ 

meal (dehydrated), 15 % fish meal (dehydrated) and 10 ;:& linseed meal 

(pressed anddehydrated). 

Desi1;n - Twenty seven spring calving Jersey crossbred cows 

approximately 5-7 weeks post-partum and accustomed to silage,were 

removed from grazing and individually fed in stalls on silage for 

10 days (Period I). The cows were assigned to nine equal groups 

on the basis of their food intake, milk yield and composition, and 

live weight during the last 7 days of Period I. The treatment 
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rations were offered over the next 21 days (Period II), after 

which two cows from the 100 and 75 ;,t feeding levels of each ration 

were housed in metabolism stalls for 10 days for nitrogen and enerc;y 

digestion trialso 

Feeding, !·~ilking and Weighing - Feedine routines were similar 

to Experiment 3.1. Sach morninc silage was collected from the 

bunker and fed fresh. The appropriate quantiti~B of concentrate 

mixture were mixed with the silage each morning before being 

offered. 

:Milking and weighing procedures were as for Experiment 3.1. 

Sampling of Feeds and Residues - Sampling procedures followed 

were as in Experiment 3.1 except that in the experimental period 

food residues of the supplemented rations within feeding levels 

were aggregated. 

Samnling of Blood and Rumen Liguor - Samples of blood and rumen 

liquor were obtained from the animals in the ?ighest and lowest 

feeding levels on each treatment ration on the last day of 

Period I and Period II. Blood and rumen liquor collection and 

treatment were the same as for Experiment 3.1. 

Analytical and Statistical Analysis - The procedures followed 

were as described for Experiment 3.3.1. 
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Results 

Experiment 3.3.1 

Diet Comuosition (Table 22) - >lelative to ma1.·ze s1.·1 th age, _ e 

autumn pasture was characterized by high levels of nitrogen and 

soluble carbohydrates. In compariso:n, pasture silage had low 

amounts of soluble carbohydrate and high concentrations of soluble 

nitrogen and free ammonia. 

Digestibility and Intake (Table 23, Appendix 8) - Supplementing 

pasture silage with maize silage significantly reduced the apparent 

digestibilities of gross energy and nitrogen, whereas supplementing 

with pasture had no effect on the digestibility of gross energy and 

only slightly increased the digestibility of nitrogen ( Table 23). 

Digestibility was not significantly affected by feeding level. 

The mean intakes of DE, DM, and DN are presented in Appendix 8. 

Compared with silage, the mean intake of DE and DN of silage plus 

pasture was increased by 18 and 48 %, respectively, whereas the 

mean intake of silage plus maize silage was decreased by 10 % for 

DE and by 40 % for DN. 

Milk Yield and Composition, and Live-wei17,ht Change (Table 24) 

Feeding level significantly affected the yields and composition of 

all milk constituents and signific.ant differences between diets 

were obtained for all milk variates excepting lactose and milk fat 

concentrations. 

The relationships between the milk variates and DEI/1w0 • 75 

(Model i) are summarized in Appendix 9. Differences in the partial 

regression coefficients (b), were not significant. The same 
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TABLE 220 Chemical composition of forages. 

Nutrient s p M.S. 

DM (%) a 
15.5 ± 0.85 18.2 ± 0.38 35.6 .± 0.36 

Composition of 100 g DM 

OM ( g) 86.9 .± 1.26 90.3 ± 0.72 95.3 .± 0.08 
MAD fibre (g) 53.9 .:t 1.83 45.0 .± 0.56 52.0 .± 2.60 
GE (M.J) 1.86+ 0.014 1.84,± 0.014 1 .82.:t 0.004 
Total N ( g) 2.9 .± 0.12 3.7 .± 0.08 1 • 1 .± 0.02 
Soluble N ( g) 1.5 ± 0.08 1.4 .± 0.02 0.5 .± 0.01 
Soluble Protein N ( g) 0.01,± 0.008 0.01.± 0.001 0.006,± 0.001 
NH3-N (g) 0.49+ 0.016 0.10+ 0.01 0.19.:t 0.008 
Soluble Carbohydrate ( g) 1 .4 ± 0.04 18.7 ± 0.34 0.9 ± 0.04 
Lactic acid ( g) 1.0 .± 0.37 Trace 2.7 ± 0.12 
Acetic acid (g) 3.2 ± 0.09 Trace 1.2 ± 0.13 
Propionic acid (g) 0.5 ± 0.03 o.o ± o.o 0.05+ 0.02 
n-Butyric acid (g) 1.0 ± 0.05 o.o ± o.o Trace 
Isobutyric acid (g) 0.3 ± 0.09 Trace Trace 
n-Valoric acid (g) 0.2 ± 0.05 o.o ± o.o Trace 
Isovaleric acid (g) 0.3 ± 0.02 o.o .± o.o Trace 

pH 4.90 ± o.cs 5.80± 0.08 4.20,± 0.04 

a SEN, n = 6 

TABLE 23 - Mean ap?arent digestibility coefficients of diets. 

Digestibility { ]&~ 

Item s s + p s + :r-1'3 SED Sign. 

GE 72.3 73.4 67 .1 0.97 ** 

DM 72o2 7308 67o3 0.90 *** 

OM 71.8 72.9 67.7 0.99 ** 

N 65.6 68.8 57.5 0.85 *** 

n = 4 



TABLE 24. Mean daily milk yield and composition (adjusted), and LW change in Period II. 

Diet Level Milk Protein Protein Fat Fat Lactose Lactose .6.LW 
(kg/d) (g/d) % (g/d) % (g/d) % ( g/d) 

s 100 10.2 272 2.73 417 4.07 503 4.92 -0.431 
75 9.8 250 2.59 415 4.08 477 4e88 -1.478 
50 7.0 184 2.65 334 4.87 333 4.77 -1.979 

s + p 100 1108 350 2.96 497 3.85 578 4.97 -0.318 
75 10o7 308 2.97 481 4.73 523 4.89 -0.309 
50 8.9 246 2.80 440 5.11 432 4.83 -1 . 291 

S + MS 100 908 271 2086 441 4.81 476 4.86 -0.274 ..... ..... 
75 9o0 236 2.65 371 4p12 448 4.97 -1 .175 \Jl 

50 708 199 2.61 354 4.80 368 4.75 -1.644 

Diet Means s 9o0 236 2.65 388 4.34 438 4.86 -1.296 
S+P 10.5 301 2o91 473 4.56 511 4.90 -0.640 
S+MS 8.9 235 2. 70 389 4.58 431 4.86 -1.031 

SED Oo32 7.8 0.048 18.6 0.224 17 .2 0.047 0.2575 
Signe *** *** ** *** NS *** NS + 

Level Means 100 10.6 298 2.85 452 4.24 519 4.92 -0.341 
75 908 265 2.74 422 4o31 483 4.92 -0.988 
50 7.9 210 2.69 376 4.93 378 4.79 -1.638 

Sign. *** *** ** ** * *** ** **l(• 

Diets x Levels Sign. NS NC' 
.) NS NS + NS NS :NS 
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regression (Model iv) could not be used to describe the data since 

there was a significant reduction in the residual sums of squares 

from :Model (iv) _to 1!:odels (ii) or (iii) (see Appendix 10). 

lfodel ( iii) was used to describe the data ( Table 25, Figures 16-21) , 

since it accounted for more of the variation than 'Model (ii). The 

significance of the intercepts is indicated in Table 25. Pooled 

regression coefficients were significant for all milk variates and 

except for milk fat percentage were positive. 

The reeression analyses indicate that at the same DEI/LW0.75 

supplementing pasture silage with pasture increased the yields of 

milk, fat, protein and lactose, and the fat and protein concentrations 

in milk, whereas supplementing silage with maize silage had no effect. 

Neither supplement had any effect on milk lactose percentage. 

These results largely agree with those of the analysis of variance 

(Table 24). 

Relative to intake, no significant differences were observed 

in live-,ieie-ht change of cows on the rations (Appendix 11). 

Volatile Fatty Acids in Rumen Fluid - Since the mean effects 

of diet and feeding level were generally similar at each sampling 

period the results (Appendix 12) have been bulked and presented in 

Table 26. Differences in the molar percentages of VFA in rumen 

fluid of cows on the treatment diets were small and largely non-

significant. Addition of pasture to silage increased the molar 

percentage of n-butyrate in rumen fluid. Reducing the feeding 

level significantly increased the molar concentradons of iso-butyra.te 

and iso and n-valerate. 



TABLE 25. Relationships between milk variates and DEI/1w0• 75 {ivIJ/kg LWO• 75 /d) in Period II (Model iii). 

Item Mean Bf.± SE bx+ SE InterceEts :ri;ean Prod. {a) i,ign. of Diff s. 
s S+P S+MS R RSD s S+P S+MS s v. Sv. S +Pv. 

S+P S+MS S+MS 

Milk kg/d *** *** 
9.44 0.65 .± 0.04 3.85 ± Oo45 -2.58 -1.88 -2.37 0.96 o.67 9.14 9.83 9.35 * NS NS 

g/d *** ** Fat 417 0.54 .± 0.07 102.0 ± 27o7 -0.1 63.0 8.8 0.88 39.55 392 456 401 ·lH NS * 

Protein g/d *** *** 257 0.52 .± 0.05 131.1 .± 11.5 -8801 -49.9 -76oO 0.96 16.62 241 279 253 *** NS ** 

g/d 460 oJf4* ± 0.05 *1* -130.1 36.46 ..... Lactose 197. ± 24.4 -98.2 -118.4 0.95 445 477 457 + NS NS ..... 
-.J 

% *** * I Fat 4.49 1o07 .± 0,17 -Oo97 ± Oo34 Oo42 0.84 0.52 0.82 0.48 4.32 4.74 4.42 + NS NS 

Protein% *** -!I* 
2.76 0.83 .± 0.07 0.23 .± 0.07 -Oo23 -0.01 -0.15 Oo94 o. 10 2.66 2.87 2.74 *** NS * 

Lactose % 4.87 9** Oo 7 + 0.11 * 0.16 ± 0.01 -0.03 -0.02 -0.01 0.89 0.10 4.86 4.87 4.88 NS NS NS 

( i) f denotes production i~ Period I 
(ti) x: denotes DEI/kg 1w0• 7? in Period II 
(ili) overall mean DBI/kg urO. 75 = 1 .08 .± 0.32 
(iv) a= adjusted mean production at overall mean DEI/LW0.75 
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TABLE 26. Effects of diet and level of feeding on mean concentrations and molar proportions of VFA in rumen fluid 
(adjusted for Period I). 

Diet/Level Concentration {me3L100 ml} of VFA Holn:r ~ of Total VFA 
HAc HPr IHBu nHBu IHVa nIIVa Total HAc HPr nmu nHBu Tiffa nlNa 

-
s 4o65 1.28 0.09 o. 71 0.12 0.13 6.92 67.3 18.1 1.3 9.8 1._6 1.8 

s + p 4.32 1.09 Oo08 0.77 0.11 0.12 6.58 66.0 17 .6 1.2 11.7 1.7 108 

S + PiS 4.36 1.22 0.07 o.68 0.11 0.11 6.53 66.9 18.2 1 .1 10.4 1.8 1.7 
I 
~ 

SED 0.583 0.152 0.010 0.098 0.018 00015 0.827 0.82 0.87 0.11 0.74 0.16 0.10 I\) 
.p. 

Signo NS NS. NS NS NS ?IB NS NS NS NS + N'S NS 

Level 1001o 4.57 1022 0.07 0.73 0.10 0.12 6.82 67.1 18.0 1.6 10.6 1.5 1.7 
50 % 4.31 1.11 o.oa 0.10 0.12 0.12 6.53 66.4 17.9 1.3 10.7 1.8 1.9 

SED 0.476 0.124 0.008 0.000 0.015 0.012 0.675 0.66 o. 71 0.09 0.60 0.13 o.oa 
Sign. NS NS NS NS NS NS NS NS NS * NS * * 
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Blood Eetaboli tes (Table 27) - Plasma urea levels were 

significantly less for animals on the silage plus maize silage 

ration compared with animals on the other treatment diets at each 

sampling time. The plasma urea levels of cows on all diets 

increased with time from feedine (from Oh to 4-h) and were slightly 

higher at the 50 i feeding level conpared with ad libitum feeding. 

Plasma o< amino nitrogen levels decreased for cows on all diets 

with time from feeding (from Oh to 4h) and were significantly 

higher for cows on the silage plus pasture ration in comparison 

with the other treatments immediately prior to feeding. 

Parti tionin.g of Dietary Nitrogen and "Snerir,r (Table 28) -

Urinary nitrogen as a p,rcentage of dietary nitrogen and DNI was 

significantly reduced by supplementing pasture silage with maize 

silage, and the effect of the pasture supplement was intermediate. 

Milk nitrogen as a percentage of dietary and D:tII was significantly 

lower for the silage ration than the maize silage plus silage 

ration, but higher than the pasture sup~lemented ration. Nitrogen 

retention was improved by the ·pasture supplement, and productive 

nitrogen (milk N + NR) as a percentage of D:NI was significantly 

greater for the sup~lemented r~tions than the control silage ration. 

Faecal energy output as a percentage of GEI was significantly 

increased by supplementing pasture silage with maize silage, and 

both supplements reduced urinary energy output as a percentage of DEI. 

Experi:ner.t 3.3.2 

Diet Comnosi tion, Digestibility and Intake ( Tables 29, 30, 

Appendix 13) _ Supplementing silage with 17~0 protein concentrate 



TABLE 27. Effects of diet and level of feeding on PCV %, urea and o< amino N concentrations in plasma 
immediately before feeding (Oh), 4 and 12h later (adjusted for Period I). 

Diet/Level PCV % Plasma Urea (mg[100 ml) Plas~a Amino N (mdl) 
Oh 4h 12h Oh 4h 12h Oh 4h 12h 

s 3306 33.6 31.7 5.9 12o2 11 . 1 44.2 35.8 34.8 

S + MS 32.9 33.5 32.3 3.7 8.1 5.3 46.5 36.1 38.0 
s + p 34.0 34.8 35o3 6.9 14.6 11. 6 51.8 37.0 37.6 

SED 2.08 1. 71 2.26 0.47 1 .13 1 • 11 2.26 1.77 1.86 
Sign. NS NS NS *** *** *** * NS NS 

Level 100 % 32.0 33.5 32.2 5.0 10.8 8.3 49.6 35.4 38.6 
50 % 35.0 34.4 33.3 6.0 12. 6 10.3 45.4 37.2 35.0 

SED 1. 70 1.39 1.85 0.38 0.92 0.91 1.85 1.45 1.52 
Sign. + NS NS * + * * NS * 

_.. 
N 

°" 
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TABLE 28. Effect of diet on partitioning of nitrogen and gcoss energy. 

Item 

N, % of intake 

Faeces 
Urine 
Milk 
Retention (NR) 
Mil~ + :NR 

N, % of digested 

Urine 
Milk 
NR 
Milk+ NR 

GE, % of inta.l{e 

Faeces 
Urine 
Methane ( est) 
Milk 
Residual ( est) 
Milk and Residual 

DE, % of digested 

Urine 
Milk 
Milk and Residual 

Metabolisable Energy 
(MJ/kg DH) 

s s + p 

34.3 31.2 
50.5 44.5 
2308 20.3 
-802 4.3 
15.6 2406 

76.2 64.1 
36.3 29.5 

-12.5 6.4 
23.8 35.9 

27.7 2608 
5o9 5o0 
8.5 8.6 

23.9 2306 
33.8 35.9 
57.7 59o5 

803 6.9 
3301 32o3 
79o9 81o3 

10.79 11009 

S + :MS SED Sign. 

42.4 0.89 *** 
30.9 3.96 **· 
35.1 0.87 ·*** 
-8.4 4.38 * 
26.7 3.83 * 

53.1 5.12 * 
61.0 1. 16 *** 

-14.1 6.12 * 
46o9 5.~7 ·l!-

33.0 0.91 *** 
3.8 0,,30 ** 
8.2 0.05 ** 

24.6 1.55 NS 
30.2 1084 * 
54.9 o.65 *** 

5.7 0.34 *** 
- 36.8 2.27 NS 

81.9 0.30 ** 

10.11 0.12 
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TABLE 29. Chemical composition of feedstuffs 0 

Nutrient Silage Protein Concentrate 

Composition of 100 g DM 

O.H. ( g) 

a 

GE (HJ) 

Total N (g) 

Soluble N ( g) 

Soluble Protein N (g) 

NH3-N (g) 
Soluble Carbohydrate (g) 

SEM, n = 6 

86.9 ±. 0.,25 

1082+ 0.030 

3.2 ±. 0.14 

1 .4 ±. Oo05 

0.03±. 0.001 

o. 25± 0.001 

1.35 ± 0.15 

89.2 ±. 0 .. 10 

2.08+ 0.033 

8.9 .±. 0.12 

1.2±0.06 

0.31± 0.026 

o.o ± o.o 
7. 79.±.. 0.31 

TABLE 30 - Mean apparent digestibility coefficients of diets. 

Digestibilit~ {%} 
Item s S + PC1 s + FC2 SED 

68.8 70.7 71.5 0.57 
GE 

68.1 69.3 69.3 0.55 
DM 

74.4 74.5 0.40 
OM 72.9 

74.9 76.5 o.65 
N 71.6 

n = 4 

Sign. 

** 
NS 

* 
*** 
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raised the crude protein content from 20.2 to 2 5.4 per cent and 

reduced the soluble N and NPU fractions by 10 "10- t 34 J o and 32 fa of 

total nitrogen respectively. 

Protein concentrates significantly increased the apparent 

digestibility coefficients of nitrogen, OM and gross energy 

(Table 30). Al though mean DEI increased 20 per cent by supplementing 

silage with the high level of protein concentrate, the corresponding 

increase in DNI was mo re than 50 per cent (Appendix 13). 

Milk Yield and Cor:mosi tion, and Live-';lei:';'ht Change (Table 31) 

Diet significantly affected all milk variates apart from the 

concentrations of fat and lactose. Feeding level significantly 

affected all milk variates and significant interactions of diet x 

feeding level were observed for protein and milk fat yields. 

The relationships between DEI/u.r0 • 75 (Hodel i) and the yield 

and composition of milk, are summarized in Appendix 14. The same 

regression equation (}~odel iv) could not be used to describe the 

data since there was a significant reduction-in the residual sums 

of squares from Model (iv) to Models (ii) and (iii) (see Appendix 15)~ 

Since intersecting lines (Model ii) accounted for raore of the variation 

than parallel lines (Viodel iii), Hodel (ii) was used to describe the 

data (Table 32, Figures 22-28). This gave similar residual sums 

of squares to Model (i). The regression coefficients for all milk 

variates were positive except for milk fat concentration, and 

significant apart from fat yield for the silage ration. The high 

level of protein supplementation significantly increased the yield 

of milk, fat, protein and lactose, and the concentrations of fat 



TABLE 31. Mean daily milk yield and milk composition (adjusted), and LW change in Period II. 

Diet Level Milk Protein Protein Fat Fat Lactose Lactose 61:•T 

(kg/d) (g/d) st (e/d) ~ ( g/ d) d (e/d) /0 

s 100 1000 272 2.12 393 3.92 492 4.92 -242 
75 906 253 2o67 405 4.27 465 4o83 -703 
50 800 211 2o64 388 4o92 384 4o8O -1588 

S + PC1 100 1106 340 2.92 484 4.19 569 4.91 233 
75 10o9 295 2o74 493 4.55 526 4.82 -466 
50 807 227 2o61 408 41>77 414 4.81 -1035 

S + PC2 100 12.4 371 3.01 560 4.53 604 4.,85 708 
75 11 0 2 309 2.81 487 4.47 531 4.75 -171 _. 
50 8.7 233 2o69 420 4.86 414 4.76 -1070 vi 

0 

Diet Means s 9o2 245 2068 395 4o37 447 4o85 
I 

-84-4 
S + PC1 10.4 287 2.76 462 4o5O 503 4.85 -423 
S + PC2 1008 304 2o84 489 4o62 516 4o79 -178 

SED Oo69 1 18.0 0.12 34.5 O.32 35.2 0.11 200 
C,. .,)ign. *** *** * *** NS *** NS ** 

Level Means 100 11.3 327 2,88 479 4.21 555 4.89 233 
75 1006 286 2,,74 462 4.43 507 4.80 -4-47 
50 805 224 2o65 405 · 4.85 404 4.79 -1231 

Sign. *** *** ** *** ** *** + *** 

Diets x Level Sign. NS * NS * NS NS N,C'.' }iS ,) 

Linear Coe ff o Signo *** *** ** *** NS *·lH~ lYS ** 



TABLE 32. Relationships between milk variates and DEI/1w0.75 (ID/kg Lw0.75/d) in Period II (Model ii). 

Item :Mean S.D. 1f1 .±. SE Sign. Ration bx+ SE Sign. C RoS.D. R 

Milk Yield (keid) 10.11 2.22 0.10 .±. 0.09 *** s 2 . 77 .±. 0. 61 * -1098 Oo92 0.93 
S+PC1 3.50 .±. 0.59 *** 
S+PC2 3o50 .± 0.53 *** 

~lilk Fat ( W d) 443 8701 0.66 .± 0.01 *** s 36.4 + 28.87 NS -20.7 37.8 0.91 
S+PC1 96.6 ± 24.36 *-l<·* 

S+PC2 11 1. 7 .:t 21 • 77 -11-·)H!· 

Milk Protein ( €!/ d) 278 6606 Oo 70 .±. 0.10 *** s 10103 .± 17.46 *** -102.1 24.4 Oo94 
S+PC1 129.9 .±. 16.62 *** ...... 

v,I 
.5+PC2 1 31 • 7 .±. 1 4. 85 **-l<· ...... 

Milk Lactose ( ef d) 489 109.1 0.65 .± Oo09 *** s 15405 ..:!: 29063 ·X·ll--11- -116.9 43.3 Oo93 
S+PC1 188. 6 .± 29.12 *** 
S+PC2 182.4 .±. 26.02 *** 

Milk Fat% 4.44 0.71 0.85 .± Oo09 *** s -1.01 .± 0.228 *** +1.42 Oo34 o.s9 
S+PC1 -Oo 71 ± 0.220 ** 
S+PC2 -Oo53 ± 0.200 * 

¥.d.lk Protein % 2o75 0.24 Oo90 .± Oo09 *** s 0.26 ± 0.072 ** -0.17 Oo11 0.92 
S+PC1 0.32 ± 0.069 *** 
S+PC2 0.35 ± 0.062 ·*** 

Milk Lactose % 4o83 0.17 0.76 ± 0.09 *** s 0.18 + 0.064 ** 0.86 0.09 0.86 
S+PC1 Oo16 + 0.062 * 
S+PC .... 0.09 ± 0.056 + ,~ 

( i) l1 denotes production i-n Period II 
(i:i) x denotes m:r/kg 1wo. 75 in Period II 
(ii.i) ov-erall mean DEI/kg 1w0• 75 = 1 .17 .±. 0.33 
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and p1~tein in milk, and reduced lactose percentage compared with 

that produced by the unsupplemented cows. The effects of the 

lower level of protein supplementation on milk composition were 

intermediate, al though responses in milk yield were similar to 

those obtai!1ed with the hi~her level of concentrates. 

Relative to intake,no significant differences were observed 

in live-weight change of cows on the rations (Appendix 15). 

Comnosi tion of Blood and 'lumen Fluid (Tables 33, 34) - Plasma 

urea levels were increased by supplementing silage with the high 

level of protein concentrate (Table 33). Although the plasma 

urea levels associated with the lower level of protein supplements 

were not significantly different from those of the silage treatment 

the means were intermediate. 

Molar concentrations of volatile fatty acids in rumen fluid 

were not altered by supplementing silage with protein concentrates 

either before, or 4 hours after feeding (Appendix 16). The mean 

results are shown in Table 34. The mean total concentrations of 

volatile acids in rumen fluid were significa~tly increased by adding 

protein concentrates to silage. 

Partition of Dietary Energy and Nitro,c;:en (Table 35) -

Supplementing silage with protein concentrates had no effect on the 

apparent partitioning of dietary or DN into milk, urine and nitrogen 

retention. Similarly no ch2.nge resulted in the partition of dietary 

energy or digested energy into milk, urine and residual energy. 



TABLE 33. Effects of diet and level of feeding on PCV %, urea and« amino N concentrations in plasma immediately 
before f~eding (Oh) and 4h later (adjusted for Period I). 

Diet/Level fQY ~ Plas~a Urea (mg[100 ml) Plasma Amino N { mr;/1) 
Oh 4-h Oh 4.h Oh '4h 

s 32o9 31 .1 13. 2 19.0 35.0 27.9 

S + PC1 31o3 32.9 15.3 190 9 35.4 3006 

S + PC2 32.3 3201 18o3 25 .. 1 35.7 28o0 

SED 1o84 2o56 1o16 1.52 3.62 2o32 
Signo NS NS ~ ** NS NS 

Level 100 % 31o9 31.5 16o3 22.2 39o0 27o5 

50 ?& 32o4 I 32o5 14.9 20.4 31.7 300 1 

Sign. NS NS NS NS NS NS 

Diets and Level NS NS HS NS Tr• ,.:J NS 

..... 
.;::,. 
0 



TABLE 34. Effects of diet and level of feeding on mean concentrations and molar proportions of VFA in rumen fluid 
(adjusted for Period I). 

Diet/Level Concentration {me~/100m.1} of VFA Molar '{o of Total VFA 
RAc HPr lHBu nHBu IIrla nh'Ya Total F..Ac HPr IHBu n.'!Bu IHVa nHVa 

s 5.01 1.35 Oo 10 Oo72 0.14 0.12 7.42 67o9 17. 9 1. 2 9.9 1. 7 1o5 

S + PC1 5.81 1o59 0.12 Oo81 0.16 0.12 8059 6801 18.2 1.3 906 1.8 1.2 

S + PC2 6079 1. 71 0.12 Oo95 Oo 17 0.16 9.89 68.8 17.3 1.3 9.7 1o7 1.4 

SED 00483 0.126 0.008 00072 0.011 00010 0.631· 1.05 0.91 0.11 0.43 0.11 0.13 .... 
Sign. * * * * * * * NS NS NS NS ~•c:, NS .p. 

)o,J .... 
Level 100 % 6032 1061 0.12 0.87 Oo16 0.14 9.21 68.9 17o4 1.2 9.6 1. 7 1.3 

50 % 5o41 1.48 Oo 11 Oo78 0.15 Oo13 8.05 67.6 1 s. 1 1.3 9.8 108 1.4 

SED 00394 00103 00006 00059 00009 00008 0.520 0.86 Oo74 0.09 Oo35 0.009 Oa10 
Signo * NS NS NS NS NS * NS NC' NS NS NS HS IJ 
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TABLE 350 Effect of diet on the partitioning of nitrogen and gross energy. 

Item 

N, % of intake 

Faeces 
Urine 
Milk 
Retention (:r-a) 
Hilk+ NH. 

N, % of digested 

Urine 
11ilk + NR 
Hilk 
NR 

GE, % in intake 

Faeces 
Urine 
Methane ( est) 
Milk 
Residual (est) 
Hilk and Residual 

GE, % of digested 

Urine 
J>lilk 
Milk+ Residual 

Metabolisable Energy 
(HJ/kg DH) 

s 

28o4 
47o2 
16o4 

800 
24.4 

66.1 
34.0 
22o9 
11o 1 

30o9 
6.9 
804 

21o4 
32.4 
5308 

10o0 
30.9 
77o9 

S + PC1 S + PC2 SED Sign. 

25o2 23o5 0066 *** 
49o7 50o9 1.60 l~S 

15o7 16o4 1.66 NS 

9o3 8.8 1e5} NS 
25o0 25.2 1.80 HS 

66.5 66. 7 2.-22 NS 
33.4 33.0 2.45 :r-;-s 
21.0 21o4 2o26 ns 
12o4 11 .5 2~02 J~S 

29.3 28o7 o.63 * 
7.8 7o9 0.49 HS 
8.4 805 0.20 + 

23.4 25.2 3.01 N'S 

31.0 29o7 2.72 NS 
54.4 54.9 o.68 NS 

11 .1 11.2 0.69 ns 
3301 35o7 3.88 NS 
77.0 78.0 1 .21 NS 
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Discussion 

In the previous experiment (3.2) it was indicated the low 

levels of true protein and soluble carbohydrate in silage may be 

important factors affecting milk yield and comuosition 
~ . In the 

present experiments cows offered silage rations supplemented with 

pasture or protein concentrates produced more milk with higher 

concentrations of fat and protein in milk in comparison to cows 

fed exclusively on silage at similar intakes of DE. In contrast 

when maize silage was the supplement there was no effect on milk 

yield or co~position. These results support the suggestion that 

level of true protein in silage was a major factor responsible 

for the low efficiency of utilization of DE for milk synthesis. 

It has been reported elsewhere that individual VFA's may 

have specific effects on milk yield and composition (Rook and 

Balch, 1961 ; Rook et al. 1965; Wilson ~ al. 1967) and that the 

molar proportions of these acids in the rumen may be associated with 

changes in yield and composition of milk ( Huber and Bowman, 1966a; 

Armstrong and Prescott, 1971). In the present study the effects 

of the rations on the molar proportions of rumen VFA were small and 

not significant and they did not appear to be associated wi ·th 

observed changes in milk yield and composition. An exception was 

a small increase in the molar percentage of rumen butyrate with 

the pasture sup9lement, which may have contributed to the rise in 

milk fat percentage (Smith, McCarthy and :.look, 1974). 

Pasture and protein concentrates as supplements to silage 

increased both the nitrogen content and the digestibility of the 

nitrogen in the ration, with an associated increase in DN intake 

of more than 40 per cent. Moreover the low amounts of free 
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ammonia and the h • h 1 ig er evels of insoluble nitrogen in these 

supplements indicate that • a considerable proportion of this increased 

DN intake was in the form f d. o igesti ble true protein. In contrast 

maize silage lowered the nitrogen content and the digestibility of 

the ration resulting in a decrease in DN intake by approximately 

40 per cent. 

This increase in digestible true protein intake by cows when 

supplements of pastu.ce or protein concentrates were offered with 

silage was associated with increases in milk protein yield. 

However the apparent partitioning of DN was different for these 

supplements. 

Protein concentrates did not alter the proportion·of DN retained 

or excreted in milk or urine indicating that milk protein synthesis 

was a simple response to increased DN intake. However ,;he:i 

supplements of pasture were given, the nitrogen in urine and milk 

as a proportion of DNI decreased, and the proportion retained 

increased. This suggests that the efficiency of utilization of 

dietary nitrogen for milk synthesis was reduced and that the increased 

milk protein yield must have been again due to an increased intake 

of true protein. The decrease in urinary nitrogen as a proportion 

of DN with the pasture supplement may have been due to the increase 

in soluble carbohydrate level of the r~tion stimulating assimilation 

of ammonia into microbial protein (Smith, 1969), and reducing the 

absorption of ammonia from the rumen (Armstrong, 1974). In 

contrast urinary nitrogen as a proportion of D1~ was unaltered by 

the sup?lement of protein concentrates, possibly because the 

additional soluble carbohydrate provided by the supplement only 

marginally (2 %) raised the level in the rationo Alternatively 
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the low solubility of thei:;e protein concentrates (r.:iller, 1973; 

Hume, 1974) may reduce both the proportion of dietary nitrogen 

absorbed from the rumen and urinary nitrogen excretion, but this 

may then be compensated by an increased hepatic deamination and 

nitroGen excretion as a result of increased post-ruminal absorption 

of dietary nitrogen~ 

Al though di.fferences in the effects of the supplements on 

plasma urea levels ::-ere observed they do not necessarily indicate 

the relative amounts of dietary nitrogen absorbed from the rumen 

since differemes in plasma urea leYels may have also arisen from 

differences in protein intake or hepatic deamination of protein. 

The increases in milk protein synthesis by cows on silage 

supplemented with pasture and protein concentrates support the 

results obtained in the previous experiment (3.1) and are 

consistent with the view that true protein intake is an important 

factor limiting milk protein synthesis of cows offered silage. 

However inspite of the possibilities considered above, the reasons 

for the differences in the partition of dietary ni tro /;1311 between 

the pasture and protein concentrate supplemented rations in this 

experiment, and that in experiment 3.1 are not clear. 

When maize silage was given as _a supplement with pasture 

silage, intake of true protein was decrP.ased. However milk N as a 

proportion of the DN increased, which indicates that the efficiency 

of nitrogen utilization for milk synthesis was increased, with the 

result that milk protein production did not alter. This increased 

efficiency of DN utilization could be attributed to an increase in 

microbial protein synthesis due to the hieh level of readily 

fermentable carbohydrate provided by maize silage in the form of 

grain ( I3ryant, 1976) •• Alternatively, or in addition,the maize 
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silage supplement may have increased the effi"ci·ency of utilization 

of DN for milk protein by reducing proteolysis of dietary protein 

in the rumen (r,:cDonald, 1952; Hume, 1974) and therefore the 

losses of dietary N from the rumen; thereby increasing the 

proportion of dietary protein (Hume, 1974) and the range of amino 

acids entering the duodenum. These effects of the maize silage 

supplement are sirr.ilar to those observed with formalin treated 

silage in Experiment 3.2 where marked decreases in N digestibility 

were also associated with increased efficiency of DN for milk 

production. However unlike the formalin silage treatment, milk protein 

was not increased and it is suggested that the low N content and 

the low digestibility of tbe maize silage appeared to balance the 

increase in efficiency of Nuse for milk production. 

Despite the increases in milk protein synthesis when supplements 

of pasture or protein concentrates were given to cows offered pasture 

silage, no differences were observed in the plasma levels of o<. 

amino N between the diets, apart from a small increase before feeding 

the pasture supplemented diet. These results are consistent with 

the findings in Experiment 3.1 and 3.2 and show that the 

concentration of amino N in plasma is not limiting milk protein 

synthesis of cows on silage diets. PCV % was also unaffected by 

diet. Although this is in contrast to the results observed in 

Experiment 3.1 it agrees with the findings in Sxperiment 3.2 and 

PCV % would appear to be of little consequence on factors involved 

in milk synthesis. 

In contrast to maize silage the effects of pasture and protein 

concentrates on the partitioning of dietary energy were generally 

small. However addition of protein concentrates to silage 
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significantly increased the total VFA concentration in rumen fluid 

and confir□s similar observations by Griffiths and Spillane (1970). 

Presumably if rumen VFA concentrations reflect production and 

absorption rates (Leng, 1970b) this may account in part for the 

increase in milk synthesis. 

In summary these experiments have shown that eupplementing 

pasture silage with pasture and protein concentrates increased milk 

synthesis. It is suggested that milk protein synthesis is limited 

by the anount of protein entering the duodenum; a consequence of 

the low 1rue protein content of silage. The next series of 

experiments examines the effects of intra-abomasal infusions of 

p~otein on milk protein synthesis by cows offered pasture silage~ 
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3.4 RESPONSE OF LACTATING cmrs TO ABOHASAL INFUSIOT:S OF CASEIN 
' 

l•!ETHIONIIlE AND GLUCOSE 

Introduction 

The previous studies comparing pasture and high moisture 

silage r:13.de from the same herbage established that cows fed 

pasture produced more milk with a higher concentration of fat and 

protein than cows fed silage at equal intakes of digestible energy. 

Trea tnen ts which either reduced fermentation during ensiling or 

provided pasture or protein concentrates as supplements to silage 

improved the yield of milk and the percentages of fat arrl protein 

in milk. It was suggested that these responses were associated 

with increased intakes of true protein. 

Because of the extensive degradation of dietary protein in 

the rumen, the possible inadequacy of protein or specific amino 

acids in silage rations can be best examined by post-ruminal 

supplementation of the diet. 

Broderick, Kowalczyk and Satter (1970); Spechter, (1972); 

Derrig, Clark and Davis (1974) and Vik-mo, Emery and-Huber (1974) 

have infused casein or mixtures of casein and methionine into the 

abomasum of cows fed diets made up of maize silage, urea and 

concentrates and containing adequate levels of energy and crude 

protein to meet production requirements according to ~C (1971) standards. 

Responses of 4.9-13 1 and 2-16 ~ in the yields of milk and milk 

protein respectively have been observed in cows producing 16-30 kg 

milk daily. Subs+antially higher increments were reco.cded in 

higher producing cows indicating that a dietary protein deficiency 

was greater when the requirements were greater. Moreover 
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Spechter ( 1972) observed greater responses when cows were fell 

high NPN rations in early lactation. 

Vik-mo and ·Huber (1971)and Vik-mo, Emery and Huber (1974) found 

that infusions of glucose also resulted in increased yields of_ milk 

and protein which suggests that the response to casein may have at 

least partly been due to gluconeogenesis rather than the provision 

of essential amino acids. 

Armstrong (1974) indicated that pasture silage may be low in 

sulphur amino acids relative to dried pasture and Barry et al. (1973) --
and Lancaster ( 1976) obtained significant responses in wool growth 

and intake of sheep fed pasture silage after intraperi toneal 

infusions of methionine. The possibility that methionine may be 

limiting milk synthesis of cows fed corn and urea diets is indicated 

by the work of McCarthy, Patton and Griel ( 1970) who reported ruminal 

supplementation of methionine increased milk fat content, and by 

Fisher (1972) who observed a response in milk protein concentration 

to intravenous infusions of methionine. 

The initial objectives of the present experiments described 

were to investigate the effects of abomasal infusions of casein, 

methionine and glucose on the yield and composition of milk from 

cows fed pasture silage. Subsequently the effect of diets were 

investigated by infusing casein into the abomasum of cows offered 

either pasture herbage or silage. 

Materials and Methods 

Foods _ The pasture silage was made from predominantly ryegra.ss 

(Lolium perenne)/white clover (Trifolium renens) pasture in October, 

1974, with a flail harvester. At the same time pasture from a 
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similar sward was cut with a rotary mower and stored at -20 °c. 

Animals - Two sets of monozygotic twin Jersey cows producing 

8-12 kg r:ri.lk daily, and surgically prepared with abomasal cannulae 

immediately after calving in September, 1975, were used in the first 

four experiments described. Another five unrelated Friesian cows 

were fitted with abomasal cannulae soon after calving in April, 1976. 

These cows were producing 14-20 kg milk daily ana. were used in the 

last experiment outlined below. 

Cannulae - Each cannula was constructed from 100 cm of 

silastic medical grade tubing (Dow Corning - I.D., 1.50 mm and 

O.D. 2.50 mm). Two flanges, 2 and 5 cm in diameter were attached 

to the cannula approximately 1 and 3 cm from one end with silastic 

adhesive ( see Plate 1). 

Surgical Procedures - After withholding food and water for 

24 h,each cow was initially tranquillized with 30 mg acetyl promazine 

injected intramuscularly. Prior to enterin~ the surgery 15 minutes 

later, initial anaesthesia was induced by intravenous injection of 

3 g 'I ntraval' (sodium thiopentone). 

A cuffed Magil endotracheal tube was inserted into the trachea 

and anaesthesia was maintained with a mixture of nitrous oxide 

(900 cc/min), oxygen (1400 cc/min) and fluothane (250 cc/min) in a 

closed circuit anaesthetic system. 

The area on the right flank of the cow extending from the last 

rib to the hind leg and to the backbone was clipped, shaved and 

rinsed with 1 % iodine solution. 
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Plate 1. Infusion equipment showing detail of cannula flanges (Inset). 

Plate 2. Cows in metabolism stalls for collection of milk, urine and. 
faeces during infusion studies. 
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A vertical incision beginning adjacent to the mammary vein 

extended 22-24 cm dorsally and was maintained at a distance of 

approximately 10 cm from the last rib. After enteriorizing the 

abomasum a small incision ( 1 cm) was made in the greater curvature 

approximately 5 cm from the pylorus. The cannula was inserted so 

that the proximal flange was inside the lumen and fixed with purse 

string sutures. The distal flange was then sutured to the 

abomasal wall. 

The cannula was exteriorized through a stab wound approximately 

10 cm dorsal to the original incision, a trochar was then used to 

pass the tubing under the skin and exit near the spinal processes. 

The abominal nruscle layers wer~ continuously sutured with cat~~t 

and the skin was closed with braided silk using interrupted sutures. 

The animals were left with food in a warm recovery pen overnight 

and returned to grazing the following day. 

Intramuscular injections of 10 ml streptomycin we~e administered 

for 4 days following the operation and antibiotic powder 

(chlortetracycline HCl and benzocaine) was applied twice daily to 

the wound area. 

Skin sutures were removed 14 days after the operation. All 

cows remained in good health although in three instances hernia 

occurred at the site of the original incision. 

Experimental Desigg 

Experiment 3.4.1 Six series of infusions were conducted with 

two sets of twin cows. Sodium caseinate was infused at a 

concentration of 30 g/1 to provide 150 g/d (L) or 300 g/d (H) 

interspersed with infusions of normal saline at a volume equal to 
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casein infusion. The sequence of infusions was: Saline (L), 

Casein (L), Saline (L), Saline (H), Casein (H), Saline (H) or the 

reverse for the opposite· twin in each set. Individual cows were 

offered constant amounts of silage each day. Infusion periods 

were of 5 days and treatment effects were assessed over the last 

3 days. 

Experiment 3.4.2 - Treatment infusions were 300 g/d sodium 

caseinate at a concentration of 30 g/1 with (C:M) and without (c) the 

addition of 12 g/d of L-methionine. Treatment infusions were 

randomized amongst the twins and interspersed with control 

infusions of 10 1/d of normal paline (s). Individual cows were 

offered a constant amount of silage each day. Infusion periods 

were of 7 days and treatment effects were assessed over the last 5 days. 

Experiment 3.4.3 - Individual cows were offered constant amounts 

of sila.<ro and the effects on milk yield and composition, and u 

nitrogen utilisation, were compared when infusions were made of 
I 

(i) 300 g/d sodium caseinate, (ii) 290 g/d glucose, (iii) 12 g/d 

L-methionine, (iv) normal saline. Infusions were administered 

according to a 4 x 4 Latin Square arrangement. The casein and 

glucose furnished equal energy to cows based on 19.3 and 15.9 MJ 

ME/kg DH for the respective materials and a utilisation of 80 % 

for casein and 100 ~ for glucose (Blaxter, 1962). Infusion 

periods were of 7 days and treatment effects were assessed over 

the last 5 days. 
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Exneriment 3.4.4 - Effects on milk yield and composition were 

compared when individual cows offered constant amounts of silage 

received abomasal infusions of (i) 300 g/d sodium caseinate, 

(ii) 290 e/d glucose, (iii) (i) + (ii), (iv) normal saline. 

Infusions were administered according to a 4 x 4 Latin Square design. 

Inf'usion periods lasted 7 days and treatment effects were assessed 

over the last 5 days. 

Experiment 3.4.5 - Comparisons of the effects on milk yield 

and composition, and nitrogen utilization, were made when individual 

cows receiving abomasal infusions of casein, were offered equal 

amounts of DE as pasture or silage. 

illustrated below: 

The experimental design is 

Ration 

Days 

Infusate 

Silage/Pasture 

10 7 7 7 

s C s 

The infusions (10 1/d) of sodium caseinate (c) (300 g/d) were 

interspersed with infusions of normal saline (s). 

initially allocated to rations on a random basis. 

Cows were 

Prior to 

inf'usions, cows were given 10 days to adjust to the ration. 

In:fusion periods were 7 days and the last 5 were used to assess 

the effects of the treatments. 

Infusates _ Infusates were prepared each morning using de-ionized 

water. casein (premium grade sodium caseinate, (Rangitaiki Plains 

D · c any Ti'dg·cumbe New Zealand) and glucose (d~rose airy omp , ;.:,.J c , 

monohydrate Tokai Togyo Co. Ltd., Yokkachi City, Japan) were 

• f 30 /1 and 18 g/1 respectively. infused at concentrations o g . _ 
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These concentrations resulted in solutions similar in osmoJ.ali ty 

to that of abomasal contents of the cows fed silage. In 

Experiment 3.4.3 the vehicle for L-methionine (Sigma grade 

L-methionine, Sigma Chemical Co St Lo ·"' ~~o u s A i • , Ul. .... , h • , • • • , WH.S 

normal saline. Infusion was by gravity, carried out while the 

cows were feeding. 

Feeding and Milking - Approximately one month after calving 

the cows were removed from grazing and offered high moisture silage 

ad libitum for 10 days in individual feeding stalls. Experimental 

rations were then offered at 80 % of their mean daily D}IT during 

the last 5 days of the preliminary period. In subsequent 

experiments the food offered was fixed according to food refusals 

during a 7 day preliminary period so that food intake remained 

constant. The silage, removed from the stack each morning, was 

offered at 0800-1300 hand 1600-2100 h. The fresh weight of food 

offered each day was based on the oven DH % of the previous days 

food. Between feeding periods the cows were confined to a loafing 

barn with access to watero In Experiments 3_.4.3 and 3.4.5 the 

cows were continuously housed in metabolism stalls for the last 5 

days of each 7 day period (see Plat~ 2). 

Milking and milk sampling procedures were carried out as 

described for Experiment 3.1. Milk samples were collected over 

three successive periods of 2, 3, and 2 days in each week. 

Sampling of Foods and ~esidues - Representative samples of 

foods and residues over the last 5 days of en.ch period ( 3 days in 

Experiment 3.4.1) were collected and subsampled as described in 
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Experiment 3.1. In Experiments 3.4.3 and 3.4.5 separate 

collections of faeces and urine were made as in Experiment 30 1. 

Sam-:)li!.1g- of Blood and Rumen Liquor - Blood sanples were 

collected on the last day of each infusion period.immediately 

prior to the start of feeding (0 h) and 4 h later. 

In Experiment 3.4.5 samples of rumen liQuor were also 

collected at O and 4 h for the determination of pH and ammonia 

concentration. Sampling procedures were as described for 

Experiment 3.1. 

Analvtical Procedures - Chemical analyses of foods residues 
' ' 

faeces, urine and blood were as described in Experiment 3.1. 

In Experiment 3.4.2, plasma was deproteinized with 

sulphosalicylic acid and plasma filtrates were analysed for valine, 

isoleucine, leucine, phenylalanine, methionine, cysteine, tyrosine, o,( 

aminonbutyric acid, and ammonia with a model NCl Technicon amino 

acid analyser (Technicon Co., .Hew York) using nol'-le-y.cine as an 

internal standard. In Experiment 3.4.5 rumen ammonia 

concentrations were determined by micro-diffusion (Conway, 1957). 

Statistical Analvsis - In Experiments 3.4.1, 3.4.2, and 3.4.5 

responses of cows to casein infusions were determined by subtractin5 

the mean of the pre and post control saline infusion values from the 

value obtained during casein infusion. The mean responses were 

evaluated by students't'test. Differences in the effects of 

treatment infusions were tested by subtracting the responses of 

cows to the treatment infusions. The data from Experiment 3.4.3 

and 3.4.4 were subjected to analysis of variance, and differences 
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in the effects of the infusates were evaluated by Dunca~s New 

Multiple Range Test. 

Results 

The average composition of the rations during this series of 

investigations is sho\'m in Table 36. 

Experiment 3.4.1 - The effects of abomasal infusions of 

different levels of sodium caseinate on the yield and composition 

of milk are sunur.arized in Table 37. Casein infused at 300 g/ d 

significantly increased the yields of milk and protein, and milk 

protein concentration. In comparison, the responses to infusions 

of 150 g/d of casein were less and only protein yield was 

significant. Neither treatment affected lactose percentage but 

both treatments reduced milk fat percentage although only the high 

casein treatment attained significance. 

Despite attempts to maintain silage intake constant, infusions 

of casein at both levels were associated with increases in silage 

intake. 

casein infusates had no signficant effect on the blood 

constituents measured (Appendix 18)J 

Experiment 3.4.2 - Responses to abomasal infusions of a mixture 

of casein fortified with L-methionine in comparison to casein are 

summarised in Table 38. Addition of methionine to the casein 

infusa te tended to increase the response in all milk variates 

t 1 t Percenta~ but differences in the responses to the excep ac ose ,::, , 

treatment infusions were only significant for milk fat yield. 
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TABL8 360 Che~ical composition of diets. 

Nutrient Silage 

Dry Hatter ,1 16o9 ± Oo28a 

Gross Energy ( lIJ /kg DH) 17. 9 ±. O. 20 

Total Ni trogent c:~ DM 2o 9 ± 0.20 

a SED, n = 6 

Pasture 

17.1 ± 0.30 

17.4 ± 0.20 

2.4 ± 0.14 



TABLE 37. Mean DMI and yield and composition of milk of cows on silage rations receiving abomasal infusions 
of 150 (LC) and 300 g/d sodium caseinate (HC), or 5 (LS) and 10 1/d (HS) of normal saline. 

Variable HC HC-HS LC LC-LS (HC-RS}{LC-LS} 
Diff .± SED Diff + SED Diff ± SED 

DM intake, kg/ d silage 8.27 0.98 .± 0.17 * 7.91 1.00 .± 0.29 -0.02 ± 0.44 

Milk, kg/d 10.16 1.38 ± 0.19** 8.60 0.31 ± 0.25 1.07 ± 0.29 

Milk Fat, g/d 404 22 .± 15.8 344 -18,±45.1 41 .± 31 

Milk Protein, g/d 306 53 .± s.o** 252 15 .± 6_.3 + 38 .± 7.6* 

Milk Lactose, g/ d 495 66 ± 8.1 421 17 ± 12.1 49± 10.5 * 
Milk Fat% 3.99 -0.35 ± 0.13+ 4.00 -0.36 ± 0.40 0.005 ± 0.30 

Milk Protein % 3.02 . * 0.14 ± 0.03 2.94 0.09 ± 0.05 0.06 ± 0.07 

Milk Lactose% 4.86 -0.02 ± 0.05 4.90 0.03 ± 0.02 o_oo ± 0.01 

• 

_. 
IJl 
I.O 

I 



TABLE 38. Mean DMI and yield and composition of milk of cows on silae;e rations receiving abornasal infusions 
of 300 g/d sodium caseinate ( C), 300 g/d sodium caseinate plus 12 g/d L-methionine ( CM) or 
10 1/d saline (s). 

Variable C C-S CM CH-S { C?•l-S )-(C-S) 
Diff + SED Diff + SED Diff + SED 

DM intake, kg/ d silage 6.48 o. 30 ± 0.11 6.46 0.34 ± 0.007 * 0.05 .± 0.15 

Hilk kg/d 7.90 1.18 .± 0.18 ** 8.37 1.52 ± 0.24 0.34 ± 0.23 

Milk Fat g/d 354 69± 11.5** 39 4 109 ± 10.9** 40 ± 12.4* 

Hilk Protein g/d 229 43 ± 8.7 248 56 .± 6. 9** 13.± 11.4 

Hilk Lactose g/d 379 55 ± 6.2** 390 60 ± 14.0* 5 ± 13.8 

Milk Fat% 4.50 0.28 ± 0.24 4. 71 0.55 ± 0.11 * 0.28 ± 0.27 

Milk Protein % 2.90 0.13_±0.05+ 2.97 0.17 ± 0.04 * 0.04 ± o.os 

Hilk Lactose 7& 4.80 -0.02 ± 0.06 4.69 -0.11 .:t 0.08 -0.09 ± 0.13 

• 

..... 
O'\ 
0 

I 



• - 161 -

Compared to the adjacent control, both treatment infusions 

increased milk yield, milk protein yield and milk protein 

concentr3. tion. However these responses were both associated with 

small but significe..nt increases in silage intake. 

Both treatnents raised plasma~ amino N concentrations 

(Appendix 18) and the responses were significantly 6~eater for the 

methionine - casein infusate. In comparison to the control saline, 

the methionine-casein infusate significantly increased the plasma 

concentrations of valine,methionine, isoleucine,leucine, tyrosine, 

and~ amino-n-butyric acid, whereas the casein infusate increased 

the levels of valine, isoleucine, leucine, and tyrosine (Figure 29, 

Appendix 19). The mean responses in plasma amino acid concentrations 

were greater after 4h infusion of casein plus methionine compared with 

casein alone although the differences in these responses were not 

significant. 

t 3 4 3 _ !•11." lk yi· eld and composition from cows infused Experimen •• 

1 methl.• oni· ne, or control saline are shown in with casein, g ucose, 

Table 39. Glucose had no effect on milk production in compariso:g 

to control saline whereas both casein and methionine significantly 

increased milk protein percentage ani milk pro=tein yield when 

t 1 d gluco "'e infusions. compared with the con ro an ., 
The magnitude 

t · nfusions of casein and me.thionine were similar. of the responses o i 

• d N 1• ntake N digestibility, N absorption and casein increase , 

th ·nr s tes (Table 40). Casein N retention compared with the o er i u a 

and methionine both increased milk N output. 
casein also altered 

t N, by decreasing urinary nitrogen, and 
the partition of die ary 

r etained in tissue (NR) and in productive 
increasing nitrogen 

( "lk ·rr) as a percentage of DNI • nitrogen NR + mi ' 
Methionine increased 
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Fig. 29. Sffect of abomasal infusions of 300 e/o. sodium caseinate ( c), 

or ( c) plus 12 g/ d L-methionine ( CH) in corr:parison to saline 
infusions (s) on the concentration of plasma amino acids 
( u moles/1) of cows on silage rations immediately before 
feeding (Oh) and 4h later. 
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TABLE 39. :Mean DHI, milk production and milk comnosi tion of cows 
receiving abomasal infusions of sodium· caseinn.te ( 300 r,/d), 
glucose (290 g/d), L-rnethionine (12 g/d), or saline (10 J/d). 

Variable 

DM in take ( kg/ d) 

Silage 

Infusate 

TOTAL 

DM Digestibility% 

r..ilk ( kg/ d) 

Milk fat (g/d) 

Milk protein ( g/ d) 

Milk lactose (g/d) 

Milk fat% 

Milk protein % 
Milk lactose% 

Casein 

5.850a 

0.291 

6.141 a 

67.9a 

5.47a 

261a 

179a 

266a 

4.98a 

3.27a 

4o85a 

Infusate 
Glucose Methionine 

5.903a 

0.284 

6.187a 

68.2a 

5.01a 

240a 

152b 

24·4a 

4.79a 

3.02b 

4.87a 

5.947a 

0.012 

5.959b 

67.5a 

5.23a 

253a 

172a 

255a 

4.85a 
3.29a 

4o88a 

Saline 

5.973a 
0.090 

6.063ab 

67.8a 

4.88a 

236a 

150b 

237a 

4.79a 
3.08b 

4.86a 

SED 

_±0.253 

+23.4 

+7.4 
_±1300 

±00294 

±0.035 

±00037 

Means not containing common letters differ significantly (P<Oo05). 

Sign. 

HS 

* 

NS 

NS 

NS 

NS 

*** 

NS 
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TABLE 40. l{i tr~g~n ( n) intake and utilization by cows on silage rations and 
reccivin9 nbo~asal infusions of sodium caseinate (300 g/d), 
glucose (290 g/d), L-methionine (12 g/d.), or saline (10 1/d). 

Variable _ ___, _____ £.I .c.,.nf;)_J.u~s~11.:t: .... -e ... , ______ _ 
Casein Glucose Ecthionine 0alinc SJ~ Si.:;n. 

N Intake ( g/ d) 

Consumed 

Infused 

TOTAL 

N Digestibility% 

n Content ( %) in: 

Hilk 

Faeces 

Urine 

N Excreted (g/d) in: 

Milk 

Faeces 

Urine 

N Absorbed (g/d) 

N.Retained (g/d) 

Productive N (e/d) 
(Milk+ NR) 

N % Intake: 

Faeces 

Urine 

Milk 

Retained 

Productive 

N % Absorbed 

Urine 

Milk 

Retained 

Productive 

191a 

42 

233a 

73.6a 

Oo51a 

3.13a 

0.,61a 

28a 

61a 

125a 

172a 

19a 

48a 

26.4b 

53o8a 

1201 b 

7.7a 

19.sa 

73.4b 

16.5b 

10.1 a 

26.6a 

193a 

193b 

70o3b 

0.47b 

2.92a 

Oo51b 

24b 

57a 

111 b 

136b 

1b 

25b 

29.7ab 

57.6a 

12.6ab 

0.1b 
12o.7b 

82.0a 

18. 6ab 

Oo 1 b. 

18.Ob 

195a 

. 1 

196b 

70.6b 

0.52a 

2.96a 

0.42c 

28a 

58a 

108b 

138b 

3b 

31b 

29. 5ab 

55.3a 

14o0a 

1.4b 

15o3ab 

78.3ab 

19.9a 

1o9b 

21.6ab 

195a ± 1.8 

195b .± 1. 7 

69. 9b .± 1. 1 2 

0.48b ± 0.005 

3.01a ± 0.083 

O.45bc ± 0.030 

24b ± 1.3 

59a ± 2.6 

109b .± 4.0 

137b .± 2.5 

4b .± 4.6 

28b .± 4.7 

30.1a 

56.0a 

12.1 b 

1.8b 

14.1 b 

.± 1.12 

.± 1.53 

.± 0.64 

.± 1.92 

.± 2.00 

8O.4a .± 2.69 

17.4ab ± 1.04 

2.3b .± 2.66 

19o9b ± 2.59 

Means not containing cornmcn letters differ significantly (P<0.05) 

HS 

*** 

+ 

N'S 

** 

NS 

* 

* 

+ 

NS 

+ 

+ 

+ 

+ 

+ 
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nitrogen in milk as a percentage of DNI, whereas glucose had no 

effect on N partitiona The effects of the infusates on energy 

partition were small (Appendix 20). 

Casein infusion tended to increase plasma urea concentration 

although this was only significantly different when compared with 

the methionine treatment at 4h (Appendix 21). Infusing casein 

increased plasma levels of o< amino N whereas the other infusates 

tended to reduce c( amino N, the difference being s:i.gnificant. 

Experiment 3.4.4 - Responses in milk yield and milk composition 

of cows receiving infusions of casein, glucose, and casein plus 

glucose, relative to control sa~ine infusions are summarised in 

Table 41. Relative to infusions of saline or glucose, casein and 

casein plus glucose infusions increased milk yield, milk protein 

yield, and !llilk protein percentage and the interaction of glucose 

plus casein on milk protein percentage was significant. Silage 

intakes were slightly but significantly less for those animals 

infused with glucose compared with saline or the other infusates. 

The casein infusion significantly increa~ed plasma~ amino N 

concentration in comparison to saline or glucose infusions, with 

the casein plus glucose infusions having an intermediate effect 

(Appendix 22). Plasma urea tended to be higher in animals infused 

with casein compared with other infusates but the increase was not 

significant. 

Experiment 3. 4. 5 - Effects of abomasal infusions of casein on 

milk yield and milk composition of cows consuming similar quantities 

of DE as pasture or silage are summarized in Table 42. When cows 

were infused with control saline, the yield of milk protein and 

milk protein concentration was significantly high~~ for cows fed 



TABLE 41. Mean DMI and yield and composition of milk of cows on silage rations and receiving ab.omasal infusions 
of sodium caseinate (c, 300 g/d), glucose (G, 290 g/d), glucose plus sodium caseinate (G+C), or 
saline (s~ 10 1/d). 

Variable Infusate ('I • • .('". ...il?"l'l1 ... 1co.nces 
C G G+C s SED C G CxG 

DM Inta.1rn (kg/d) 

Silage 6.45 5.92 6.31 6.18 ±0.12 * + NS 

Inf'usate 0.29 0.28 0.57 0.09 

TOTAL 6074 6.20 6.88 . 6.27 
..... 
(J) 

Nilk Yield (kc/d) 4.24 3.55 4.19 3. 61 +0.15 ** NS NS O"I 

Fat Yield ( g/d) 203 192 203 193 ±14.0 NS NS NS 

Protein Yield (g/d) 147 120 154 121 ± 4.8 *** HS NS 
Lactose Yield ( 0/d) 196 163 190 165 ± 7.6 ** NS NS 

Fat ;t 4.74 5.27 4.80 5.27 ± 0.24 * NS NS 

Protein ;t 3.46 3.34 3.68 3.34 ± 0.05 *·>I- * * 
Lactose ;b 4.62 4.55 4.53 4.58 ± 0.04 NS NS NS 



TABLE 42. Mean DBI and yield and composition of milk by cows fed pasture (P) or silage (s) rations and receiving abomasal 
infusions of sodium caseinate (c, 300 g/d) or saline (s, 10 1/d). 

Variable Treatments Pc-Ps Sc-Ss (Pc-Ps}-{ Sc-Ss) Ps--Ss 
Pc Sc Diff .± SED Sign. Diff .± SED Sign. Diff .±. SZD C,. 

01GTI. Diff + SW C' • 
..;lg'Ile 

DEI (HJ/d) 89.1 9601 5.14 .± 1. 64 * 12.18.±,3.13 * 7.04 .± 3.58 NS Oo4 + 2.92 NS 

l-1ilk (kg/d) 11.23 11054 0.33 .± 0.33 NS 1.64 .±. 0.22 ** 1.31 .± 0.23 ** 0.85 .± 0.381 !IS 

Milk Fat (g/d) 563 510 34.2 ± 12.7 + 77.6 .± 19.5 * 43.4 ± 45.5 KS 82.1 .± 15082 * 
Hilk Protein ( g/ d) 334 320 18.6± 7.5 + 63.6 ± 7.5 ** 45.0 ± 17.5 + 55.1 .± 8.2 ** 
Nilk Lactose ( g/ d) 551 567 15.8 ± 16.3 NS 79.0 ± 7 .87 • *** 63.2 .± 31.1 NS 39.7 .± 22.4 NS 

Hilk Fat % 500·1 4.43 O. 11 ± 0. 098 NS 0.02 .± 0.122 NS -0.08 ± 0.23 NS 0.40 .± 0.18 NS 

Hilk Protein% 3.00 2.79 o.os .± 0.028 * 0.18 .± 0.026 ** 0.09 .±. 0.058 NS 0.32 .±. 0.052 * 
Milk Lactose% 4.92 4o94 0.002 ± 0.013 NS -0.02 ± 0.035 NS -0.02 ± 0.042 NS -0.04 .±. 0.04 NS 

_. 
O'I 
-.J 

I 
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pasture than cows fed silage. Abomasal infusions of casein to 

pasture fed cows resulted in small but significant increases in 

milk protein percentage and milk protein yield. In comparison 

casein infusions resulted in large increases in the yields of milk, 

protein and milk protein percentage when silage was fed. 

Differences between the rations in the responses of cows to casein 

infusions were significant for the yields of milk and protein. 

Al though the differe,::.ce in the response to milk protein percentag-e 

was not significant, four of the five cows had higher concentrations 

of protein in milk when infused with casein on the silage ration 

compared with their responses on the pasture ration. 

Infusions of casein increased total DE intakes of both rations 

but the significantly higher DE intake on the silage ration was due 

to a small increase (6 %) in silage intake when casein was infused. 

The relative effects of casein infusion on nitro~en utilization 

of cows on pasture or silage rations are shown in Table 43. Pasture 

contained less nitrogen, of lower digestibility than silage. Although 

pasture fed cows had lower nitrogen intakes they secreted more nitrogen 

in milk in comparison to the silage fed cows when both 11ere infused 

with saline. As percentages of absorbed nitrogen, milk nitrogen 

and urinary nitrogen were highe~ and.nitrogen retention less, 

when the animals were fed pasture compared with silage. 

Expressed as a percentage of dietary nitrogen, abomasal 

infusions of casein increased nitrogen retention and reduced 

nitrogen in milk to a greater extent when the animals were fed 

pasture in comparison to silage. 

The effects of the infusions on the blood and rumen parameters 

are rummarized in Appendix 23. When saline was infused, plasma 

• • the animals fed silage although rumen urea levels were higher in 

1 t d~j to be sliahtly hi~her in animals fed pasture9 ammonia leve s en - o 0 



TABLE 43. Nitrogen (N) intake and utilisation by cows fed pasture (P) or silage (s) rations receiving abomasal infusions 
of sodium caseinate (c 300 g/d) or saline (s, 10 1/d). 

Variable Treatrr,ents Pc-Ps Sc-Ss ( Pc-Ps 2-( S c-Ss) Ps-Ss 
Pc Sc Diff ± SED Sign. Diff ± SED Sien. Diff ± S~D Sien. Diff ± SED Sign. 

N Intake ( g/d) 

Consumed 1~9.4 210.2 1.1 ± 1.9 NS 5.4 ± 5.03 NS 4.3 ± 8.1 NS -46.5 ± 7.6 ** 

Infused 42.0 42.0 42.0 ± o.o *** 42.0 ± o.o *** o.o + o.o NS 

TOTAL 2·1·1.4 252.2 43.1 ± 1. 9 *** 47.4 ± 5.0 *** 4.3±8.1 NS -46.5 ± ·7 .6 *-II-

N Digestibility 1c, 69.3 71.4 7 .. 89 ± 1.07 ** 3.14 ± 0.69 * -5.41 ± 1 .56 * -7.74 ± 1.92 + 
_. 

°' N Content (%) in: ~.o 

Milk .453 .437 0.02 ± 0.007 * 0.028 ± 0.004 ** 0.008 ± 0.014 NS .042 ± .007 ** 
Faeces 3.04 2.96 -0.34 ± 0.375 NS 0.12 ± 0.065 NS 0.495 ± 0.498 NS .55 .± .007 * 
Urine 0378 0.550 0.04 ± 0.019 NS 0.14 ± 0.021 ** 0.106 .± 0.042 * -0.19 ± .019 NS 
Food 2.39 2.84 0.03 .± 0.044 NS -0.12 .± 0.012 *** -0.152 ± 0.045 * -.60 ± .01 *'"' 

N Excreted (g/d) in: 

Milk 52.4 so.o 3.8 ± 1.2 * 9.8 ± 1.2 ** 6.0 ± 2.8 + 8.4 ± 1.5 * 
Faeces 64o2 71.9 0.13 .± 3.54 NS 7.3,±2.1 * 9.0 ± 5.8 :NS 1.25 ± 3.02 NS 
Urine 98.2 124.4 10.6±3-3 * 17.6,±4.4 * 8.3 ± 4.7 + -21 ± 8, 6 :NS 

N Absorbed (g/d) 146.5 180.4 43.4 ± 2.7 ·11--1!-* 40.2 ± 3.1 *** -1.5 ± 6.5 NS -43.5 ± 6.7 * 
U 3.etained ( g/ d) -5.9 6.o 29.3+3.1 ** 12.s ± 4.7 + -17.1 ± 7.1 ·* -31 . 'i .±. 5. 7 * 
Productive N ( c/d) 48o3 56.0 32.8 .±. 4.0 ·IHC. 22.2.::: 4.5 ** -10.3 ± 9.1 NS -23.0 ± 3.6 * 

Cor-t. 



TABLE 43. (Cont.) 

Variable 

1;- % Inb.ke 

Faeces 

Urine 

I•:ilk 

Rct:1i:1ed 

Productive 

N ~ f._bscrbed 

1..T:i::ine 

Hilk 
:1etained 

Prc:3.ucti-re 

Treatt!cnts 
Pc Sc 

3006 28.4 

46o4 49o5 

25.7 1908 

2.7 2.3 

23.0 22.1 

66.7 66,,7 

37.1 26.,2 

3.8 5.2 
33.3 33.7 

Pc-Ps 
Diff .± SED Sign. 

-7 .86 ± 1.05 ** 
-6.33 .± 3.00 NS 

-4.70 .± 0.89 * 

18.91 .± 3.31 * 

14.21 .± 3.21 * 

-18098 .± 5.03 * 
-9083 .± 2.36 * 
32.19 .± 5.36 ** 

'!8019±.,5.03" * 

Sc-Ss (Pc-Ps)-(Sc-Ss) 
Diff ± SED Sign. Diff .± S~D 3ign. 

Ps-Ss 
!fiff .± S~D Signo 

-3.31 ± 0066 ** 5.18 .±. 1.77 + 7.7 .± 1.9 + 

-3.09 + 1.94 - ' 
NS 3.61 .± 1.92 NS 1.14 .± 2.94 NS 

0.07 .± 0.39 NS 4e86 .± 0.74 ** 10.24 .± 1.04 *·~ ....... 
-.] 

6.,35 .± 2.48 + -13.2 .± 2.97 ·l!- -19.0 .± 2.06 ** 0 

l 
6.23 .± 2.32 + -8.60 .± 3. 73 NS -9.08 .± 2.57 + 

-8.02 .± 2.94 + 11.75 .± 4.88 + 11.0 .± 3.97 1,'!C! ,.., 

-3.26 .± 1.32 + 6.45 .± 4.09 NS 15.3 .± 3.8 + 

9.28 .± 3.48 + -24.10 .± 4. 72 * -32Q2 .± 2.8 ** 

8~42 .i 2.93 * -11 . 2G .± 5 .19 I·:S -10.5.::. 3.9 "I'.~ 
l \,.J 
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Casein infusions had no effect on plasma urea concentrations in 

animals on either ration but plasma a< amino N concentrations were 

increased to a similar extent on each ration. The effects of 

diet or casein infusions on rumen pH and plasma ammonia concentration 

were small. 

Discussion 

Effect of Casein on Milk Protein Synthesis - Cows fed pastu1·e 

silage consistently responded to aboTiasal infusions of casein by 

producing more milk with a higher protein percentage. These cows, 

producing 3.6-10.9 kg milk daily and receiving 300 g/d casein, 

increased milk yield by 1 .08 kg/d, representing an average iP..crease 

in milk yield of 15.8 1. Milk protein percentage was increased by 

an average 0.15 percentage units and milk protein yield by 43 g/d 

or 21.8 %. 

In other studies post-ruminal administration of casein to cows 

fed diets of concentrates with various roughages, to meet NRC ( 1971) 

standards for energy and protein, have improved the yields of milk 

by 5-13 % and milk protein by 9-16 % (Broderick et .!ll• 1970; 

Hale et al. 1972; Clark tl ~- 1973; Spires et_&. 1973; 

Derrig et al. 1974; Vik-mo et al. 1974). The magnitude of responses 

was greater for high producing cows (Vik-mo _tl &• 1974; Clark, 1975). 

In constrast, in the present experiment, cows at low levels of 

production responded to abomasal infusions of casein. Although 

food intakes were also low according to NRC (1971) standards, they 

contained adequate energy and an excess of DCP for the levels of 

production observed. Even in Experiment 3.4.4 when the cows were 

in mid lactation and consuming similar ~uantities of silage,as in 

the earlier experiments, but producing approximately half the 
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quantity of milk, responses in milk protein yield to casein 

infusions were still o bt9.ined. 

Level of C:1sein on Hilk Protein Synthesis - 0rskov and Grubb ( 1977) 

obtained consistent increases in milk protein yield ,-rhen increments 

of casein were abomasally infused in conjunction with glucose to 

cows on low protein( 1301 % CP) diets, whereas Spechter ( 1972) 

obtained increases in protein yield of 140 g/d, 125 g/d and 

180 g/ d when 450, 785, and 810 g/ d case in was infused in to the 

abomasum of cows on corn plus urea diets. 

In Experiment 3.4.1 , increasing the amount of 

casein infused into the abomasum from 150 g/d to 300 g/d resulted 

in an average increase in milk protein yield from 15 g/d to 53 g/d 

representing increases of 6.3 ;.'b and 20.9 % respectively. Moreover 

in Expe:::-iment 3.4.2 addition of methionine to casein increased milk 

protein yield from 23 ,'& to 30 % above the adjacent control infusions. 

These results suggest an increasing response in milk yield to 

additional amino acids supplied post-ruminally to cows on silage 

rations. 

Effect of Casein Infusions on Intake - Several investigations 

have reported that abomasal supplementation of 300 to 600 g/d 

casein had no effect on feed intake ( Hale et al. 1972; Clark et al. 

1973; Spires _tl &· 1973; Derrig .tl al. 1974; Vik-mo ~ _tl. 1974) 4 

However in Experiments 3.4.1, 3.4.2, and 3.4.5 when the aninals 

were switched from casein onto saline infusions their intake of 

silage dropped by 12 ·1, 5 ·~, and 6 7b respectively. Since milk 

• ld - • lk tein concentration have been associated with level yie anct mi pro 
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of energy intake (Huber and BowCTan, 1966a; Balch, 1972), the 

responses obtained may therefore be explained in terms of extra 

energy from increased silage intakes and from the extra gluconeogenic 

amino acids supplied rather than increasing the supply of amino acids 

per~ for milk synthesis. However previous E:xperiments ( 3.1 - 3.3) 

have shown the response behreen silage digestible energy intake and 

milk protein yields to be low. Moreover·in Experiment 3.4.1 both 

levels of infusion increased silage intake by approximately 12 % 

and since 300 g/d casein accounts for less than 5 % of the total energy 

ingested the marked differences in protein yield response between 

the treatments were apparently not due to differences in energy intalce. 

This is supported by Experiment 3.4.3 when marked responses were 

observed for casein infusions and silage intakes were the same fo~ 

the control and treatment infusions. 

Effect of Glucose Infusion - Experiments 3.4.3 and 3.4.4 indicated 

that infusions of glucose to provide similar quantities of metabolizable 

energy as casein was without effect on milk protein synthesis. This 

validates that the response to casein was mediated by an improved 

supply of amino acids to the mammary gland rather than glucose 

derived from the amino acids supplied in the ca~ein. Spechter (1972) 

and Clark, Spires and Derrig, ( 1973) also showed that when cows were 

fed 011 concentrate-roughage rations abom3.sal infusions of casein 

but not glucose increased milk and protein yields. However, 

Vik-mo .tl ~- (1974) did observe responses to glucose administered 

t · 11 but the ma~nitude of the responses were much lower pos -rwnina y o 

than those obtained with isocaloric casein infusionse 

Some post-ruminal infusion studies (~rskov et al. 1971; 
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Tyrrell~ al. 1972) have indicated that intestinal absorption of 

glucose by ruminanb may be poor. In the current study only small 

amounts of glucose '·le"'!"'e 1· nfused. Th · • - ere was no evidence of increased 

faecal enerey excretion and consistency of faeces l·ras unchanged. 

The lack of a response to glucose in the present trial could 

be due to the low amount of energy supplied by the glucose supplement 

( 5 ;1) relative to the total intake of DE. Even so the elucose 

served as an energy control and the results indieate that amino 

acids per ~ were limiting milk protein synthesis of cows on silage 

rations rather than glucose, despite the major role of glucose in 

mammary metabolism (Kleiber, Black, Bro~m, Blaxter, Luick and 

Stadtman, 1957; Bickerstaffe,-Annison and Linzell, 1974). 

Effects of Casein Plus Glucose Infusions - Vik-mo et al. ( 1974) 

and ¢rskov and Grubb (1976) did not observe any synergistic effect 

of casein and glucose on milk protein synthesis. Whether there 

was a synergistic effect between glucose and casein infusates on 

milk protein synthesis in the present studies on silage diets is 

inconclusive. Although glucose and casein increased milk protein 

concentration, milk yield was slightly less than that obtained with 

the casein infusate and overall milk protein yields were similar. 

Effects of :r.:ethionine Infusions - The recovery of infused 

casein in the present experiments was relatively low but tended to 

be higher in Sxperiments 3.4.1 and 3.4.5 when the cows were in 

early lactation and producing the hiGhest levels of milk protein. 

Hogan (1975) calculated that an amino acid deficiency, especially 

thi · 1• s more likely to occur in early lactation. In me onine, . . ' 
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3xperiment 3.4.2,300 g/d of casein resulted in an extra 43 e/d milk 

protein synthesized but addition of 12 - 1d gJ methionine to the casein 

increased recovery of protein to 56 g/d. ~oreoever in Sxperiment 

3. 4. 3, 1 2 g/ d methionine increased milk yield, milk p!'O tein percenta.Gc 

and milk protein yield to the same extent as 300 g/d casein. 

These results suggest that methionine may be the essential amino 

acid that is limiting milk protein synthesis on silage rations. 

Barry~ al. (1973) also concluded that methionine might be 

limiting in silage since marked increases in intake and wool 

growth of sheen on silage was demonstrated by intra-peritoneal 

administration of methionine. 

Other direct evidence of responses in milk protein production 

to methionine supplements is limited to the one study of Fisher 

( 1972), al though it is noted that the response was confounded by 

intake. Based on examination of plasma amino acid concentrations 

relative to mammary uptake,,i t has been predicted ( Chandler and 

Polan, 1972; Derrig et al. 1974) that methionine is limiting for 

cows on concentrate-roughage rations. However intravenous infusions 

of methionine (Fisher, 1969; Teichman~ al. 1969), or feeding 

encapsulated methionine (Broderick~ al. 1970; ',lilliamset al. (1970), 

or abomasal infusions of methionine (Schwab et. al. 1976), have not 

stimulated milk protein synthesis. 

Effects of casein Infusions with Different Diets - The 

differences during saline infusions in the yield antl concentration 

of milk nrotein between the rations of pasture and silage when fed 
... 

to provide the same levels of DEI (Experiment 3.4.5) agree with 

the results obtained in Experiment 3.1. 
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Abomasal infusions of casein increased the digestible energy 

intake of both rations but the higher DE intake on the silage ration 

was due to a small increase in silage intake. Since responses were 

obtained to casein infusions in Experiment 3.4.3 '-'hen s·1 • ' ' _ ,. 1 age 1.ni.;a1-::es 

were constant and glucose infusions had no effect in Experiments 

3.4.3 and 3.4.4, the response to casein by the silage fed animals 

in this experiment is presumably due to increased availability of 

amino acids for milk protein synthesis. The results suggest the 

differences in the responses of cows on the silage and pasture 

rations to casein infusion was due to an inadequate supply of essential 

amino acids available for digestion in the lower gut of animals on 

the silage ration. The small response of cows on the pasture ration 

to casein infusions could be due either to an increased supply of 

glucose o~ amino acids for milk protein synthesis. 

Nitro~en Utilization - Abomasal infusions of casein to cows on 

silage diets improved the efficiency of nitrogen utilization by 

reducine the proportion of nitrogen intake excreted in faeces and 

urine. The lower percentage of digested ni tr_ogen in urine was 

presumably due to the decrease in the proportion of nitrogen absorbed 

as ammonia and improved nitrogen ret~ntion, as a result of the increase 

in quantity and quality of the amino acic'sprovided by the protein 

supplement. Abomasal infusion of casein increased the amount of 

secreted but tended to decrease the efficiency of milk nitrogen 

utilization of absorbed nitrogen for milk protein synthesis. In 

· d milk nitro 0ren output and the efficiency comparison methionine J.mprove 

of utilization of nitrogen for milk protein synthesis. 
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In Experiment 3.4.5, the proportion of dietary nitrogen retained 

by cows was significantl'tr les t 
J son pas ure than silage when cows 

were infused uith saline, :feinforcing the results obtained in 

Experiment 3.1. The tendency for the animals to excrete roore 

nitrogen in urine when feeding on pasture com:9ared with silage 

is presumably the result of increased catabolism of tissue protein. 

Although the amount of nitrogen absorbed by cows fed pasture was 

less than on silage, milk nitrogen excretion was !-ligher for the 

same level of digestible energy intake. The increased milk 

protein synthesis on pasture ratio:r:is was presumably due to 

a more adequate supply or balance of amino acids to meet the 

requirements of milk protein Sfnthesis derived from the diet or from 

tissue protein catabolism. In a recent experiment,¢rskov and Gru.bb 

( 1977) infused casein into the abomasum of cows on a low protein diet 

and observed an increase in milk production. The authors calculated 

that the higher production was associated with an increased dietary 

energy deficit and proposed the effect of protein was mediated by 

stimulating mobilisation of body energy reserves. Similar 

observations were made in Experiment 3. 1 where cows fed pasture 

produced more milk but lost more weight than cows fed silage at 

the same digestible energy intake. 

In Experiment 3.4.5. abomasal infusions of casein to pasture fed 

cows resulted in only a marginal increase in milk and milk protein 

synthesis. In comparison to silage, the infusion of casein with pasture 

had a much greater effect on nitrogen retention and a lower effect 

on milk nitrogen suggesting the response on pasbJ. re was due to a 

correction of a minor imbalance of amino acids or to a small 

. . rgy provided from the ~luconeogenic amino acids since .increase in ene ,, 
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approximately 25 % of the nitrogen infused was excreted in urine. 

Effect of Infusions on :inood Constituents - Abomasal infunions 

of casein did not appear to change plasma volume as no consistent 

trends in p.3.cked cell volume were observed. However infusions of 

casein tended to increase blood urea nitrogen levels in ~xperirnents 

3.4.3 and 3.4.4 sug~esting greater deamination and increased 

urinary nitrogen lo~s, reducing the efficiency of dietary protein· 

conversion to milk protein. Broderick et al (1974)and Vik-mo et al. 

( 1974) also observed similar effects on blood urea levels with post­

ruminal protein supplementation. 

Since concentrations of free amino acids in plasma reflect an 

equilibrium between intestinal absorption, endogenous synthesis and 

utilization, changes in concentrations during treatment relative to 

control have been used as an index for predicting the adequacy of 

the diet. Rook and Line ( 1961) observed increases in c-< amino N 

levels in plasma were associated with the plane of rrutrition and 

milk protein yields. In the present experiments (except 3.4.1) 

abomasal infusions of casein consistently in~reased the plasma o<. 

amino N concentrations, and casein plus methionine had a much 

larger effect than casein indicating_ the amount· of amino acids being 

made available for milk synthesis was increased. These results 

however are in marked contrast with those of the previous feeding 

experiments (3.1 - 3.3) where no relationship was found between<"'<. 

amino n concentrations and milk protein synthesis. 

Generally, increases in essential amino acids relative to non·· 

essential amino acids have been observed during abomasal infusions 

f • · th the most promine.nt chanP-es being an increase in the o casein wi v 
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branched chain amino acids (Clark, 1975). In Experiment 3.4.2 all 

the essential amino acids measured in plasma increased with abomasal 

infusion of casei~. The magnitude of the effects were greater with 

casein plus methionine infusions, and since milk yield, milk protein 

and milk protein percentage followed similar trends, then the levels 

of essential amino acids in plasma would appear to be associated 

with milk protein synthesis. 

The effect of methionine supplementation on the increased 

plasma methionine levels has also been observed by Reis and Tunks 

(1971) and by Reis et~- (1973). The associated increases in 

cysteine and o( amino-n-butyric acid are presumably because these are 

products of methionine metabolism (Finklestein, 1974). The increases 

in the other essential amino acids during casein-methionine infusion 

compared with the casein infusion indicate that besides being a major 

amino acid for milk protein synthesis, methionine may also have a 

general metabolic role such as transport of amino acids (Christensen, 

1963, 1964) or in protein metabolism (Girard-Globa, Robin and 

Forester, 1972; Munro, 1976). 

Effect of Infusions on Milk Fat Synthesis - Generally abomasal 

infusions of casein cause a reduction in milk fat percentage 

( Clark et &· 1973; Spires tl itl,. 1973; Derrig et al. 1974; 

Vik-mo tl Ed.• 1974). This effect is apparently not due to a 

decrease in milk fat synthesis as fat yields tend to be slightly 

increased but is a result of a proportionately larger increase in 

milk yield. In the present experiments abomasal infusions of 

ff t ·1k fat percentage althou 0~h fat casein had no consistent e ec son mi 

yield was significantly increased in two experiments. 



- 180 -

Methionine significantly increased fat percentage and fat 

yield in Sxpe~iment 3.4.2 when infused with casein but in 

Experiment 3.4. 3 methionine infused alone had no effect in 

comparison to the control saline infusion. ~uminal supplementation 

with methionine hydroxy analogue has been shown to increase fat 

percentage and fat yield in lactating cows but the mechanism is 

unknown,althoueh rumen lipid synthesis (Patton, McCarthy and 

Griel, 1968, 1970; McCarthy, Patton and Griel, ~970) and liver 

metabolism have been implicated (McCarthy, Porter and Griel, 1968). 

Effect of Infusions Ol.'\ Milk Lactose Synthesis - Abomasal 

infusions of casein or methiorµ.ne had no effect on the lactose 

concentration in milk. This is possibly because milk secretion is 

regulated by osmotic pressure exerted mainly by lactose (~ook, 1976). 

Lactose yield tended to be increased by abomasal infusions of 

casein. Provision of additional amino acids may meet the extra 

requirement for a minor milk protein,"'( lactalbumin, which is also 

a component of a rate-limiting enzyme involved in lactose synthesis 

(Brew, 1 970) . These factors may explain the response in milk yield 

to post ruminal protein supplements. 

This study has indicated that increased yields of milk and milk 

protein and milk protein concentrations have been obtained from cows 

fed silage and receiving intra-abomasal infusions of casein. The 

implication of these experiments is that methionine may be the 

major amino acid limiting milk protein synthesis of cows on silage 

diets. Responses to casein infusions of silage diets were markedly 

increased in comparison to pasture. The small response of post-

ruminal protein supplements to pasture re~uires further investigation 
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to determine if the quantity and quality of available protein on 

pasture diets is limiting milk protein synthesis. 
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4. GENERAL DISCUSSION 

Al though cows are generally fed exclusively on forage diets 

in N. Z. there is little inf'ormation on the extent that diet type 

~er~, and level of feeding affect milk yield and composition. 

Most published reports do not permit the separation of the effects 

of type of diet from the effects of level of feeding (Wilson and 

McDowell, 1966; Hutton and Parker, 1966; Wilson and Dolby, 1967, 

1969; Hutton et al. 1971; Bryant and Donnelly, 1974; Lancaster 

et al. 1974; Hutton, 1975). Separation of these effects was a 

major consideration in designing the experiments reported in this 

thesis. 

A regression approach was used so that comparisons between 

diets could be made at equal intakes of DE. With this approach 

it was established that the relationships between DEI and milk 

components were significant for the pasture diet. This was not so 

for the silage ration, possibly because of the small rang~ of 

intakes due to the low voluntary intake of silage, and to the 

variation in milk production responses within that range of intakes. 

In using the regression technique to make comparisons between the 

treatments it was necessary to examine whether one relationship 

could describe the data. If not, alternative models with either 

the slope or intercept differing between treatment rations were 

used implying that at the same level of feeding different productions 

were obtained from the rations. Experiments 3.2 and 3.3 were 

designed so that the treatment effects could also be assessed by 

analysis of variance. The results of these analyses largely 

substantiated those of the regression analyses. 

The studies have clearly demonstrated that cows fed on high 
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moisture silage produced less milk with a lower concentration of 

fat and protein than cows fed pasture at similar intakes of DEe 

Subsequent ex"9eriments were aimed at obtaining evidence of the 

mechanisms involved. The effects of treatments that either reduced 

protein degradation during ensiling, provided pasture or protein 

concentrates as supplements to silage, or casein directly to the 

abomasum are consistent with the view that the amount of protein 

reaching the duodenum is a major factor involved. Furthermore 

because abomasal infusions of methionine in Experiment 3.4.3 had 

effects similar to casein it is likely that methionine may be the 

major essential amino acid limiting milk protein synthesis by cows 

fed silage. It is noted however that methionine may also have a 

general role in controlling protein metabolism (Christensen, 1963, 

1964; Girard-Globa ,tl &· 1972; Munro, 1976). 

The evidence obtained during the course of this worlc does not 

define the reasons why the quantity and/or the quality of protein 

reaching the duodenum of cows on silage rations was limiting. 

The low true protein content coupled with the high solubility of 

the crude protein and the low content of readily available fermentable 

energy in silage may result in insufficient dietary or microbial 

protein reaching the duodenum. To distinguish between these 

possibilities would require a more detailed approach than was 

possible or desirable in this instance. Quantitative studies of 

the amounts of dietary and microbial protein entering and absorbed 

from the duodenum together with their amino acid compositions would 

appear necessary. Clearly the information obtained on blood 

parameters were of limited usefulness in disting~ishing between 
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these possibilities. 

The failure to improve milk yield and composition by dietary 

additions of maize silage suggests that if the synthesis of 

microbial protein was limiting, it was not because of the 

availability of fermentable energy (Smith, 1969; Hogan and 

Weston, 19 69). 

Of particular interest is the comparison of the effects of 

abomasal infusions c,f casein to cows fed either pasture or silage. 

Responses in milk yield and milk protein to infusions of casein 

were obtained on both diets but the magnitude of the response was 

greater for the silage diet. No other studies have been carried 

out to support this finding and it cannot be concluded that milk 

protein synthesis by the pasture fed cow is not limited by protein 

entering the duodenum. Further studies are required to verify if 

the present findings were due to a deficiency of amino acid(s) or 

energy, and to investigate effects on milk protein synthesis of 

post ruminal supplements of protein to cows fully fed on pasture. 

Where changes in the levels of blood parameters, ruminal VFA 

concentrations and proportions were measured, a consistent feature 

was that the data obtained were of limited value in interpreting 

the mechanisms involved in milk comP.osition changes. This was so 

even tho1;_gh changes in rumen fermentation patterns (Armstrong and 

Prescott, 1971; Balch, 1972) and int~a-ruminal infusions of VFA 

( Rook and Balch, 1961 ; Rook ~ al. 1 965; Wilson et al. 1967) have 

been associated with consistent changes in milk yield and composition. 

In the present studies the effects of ration type on the molar 

t · d ratios of acetate and propionate were generally small proper ions an 

and appeared to be of little consequence on milk yield and composition. 
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However the molar percentage of rumen butyrate was reduced by silage 

in three experiments and if this reflects the relative absorption 

rates (Leng, 1970b), this may have contributed to the lower milk fat 

synthesis on these diets, since butyrate is metabolized to 

B-hydroxybutyrate, a precursor of milk fat (Smith et al. 1974). 

The fall in milk fat synthesis may also be caused by a lower 

supply of endogenous fat precursors if the lower live-weight loss 

of cows fed silage in Experiment 3.1 reflects a l0wer mobilization 

of body fat. Diets causing low milk fat have been associated ,vi th 

increased rumen propionate levels (McCullough, 1966; Armstrong and 

Prescott, 1971; Annison et al. 1974), and reduced plasma 

triglycerides and acetate (Ann:j._son et al. 1974). -- Possibly 

glucogenic materials increase plasma insulin levels promoting 

lipogenesis thereby reducing the supply of milk fat precursors 

(McClymont and Vallence, 1962; Annison, 1976). The responses of 

cows fed silage in Experiment 3.1 were also associated with increased 

proportions of rumen propionate although the relative changes were 

small. However the low fat production of cows on silage in 

Experiments 3.2 and 3.3 were not consistently related to changes 

in rumen propionate percentage or related to live-weight change. 

Since changes in live-weight in the short term may not be a true 

indication of relative changes in tissue more definitive studies 

would be required to establish if this is a contributing factor 

to low milk fat synthesis on silage diets. 

Generally abomasal infusions of casein and methionine tended 

to increase milk fat synt~esis although only on two occasions were 

the increases significant. Although this finding is in agreement 

with other studies ( Clarke ~ ~- 1973; Spires et al. 1973; 
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Broderick et al 1 970) a t • · __ • • , pparen mecham.sms to explain possible 

effects of dietary protein on milk fat synthesis are obscure. 

Decreased synthesis of milk and lactose on silage rations may 

be due to lower amounts of protein re·tching the duodenum since 

abomasal infusions of casein 1.·n contrast.to 1 • g ucose consistently 

increased the yields of millr and 1 t '" ac ose. A possible explanation 

of the specific effects of amino acids may be due to increased 

synthesis of« lactalbumin, a minor milk protein, and a component 

of a rate-limiting enzyme for lactose synthesis (Brew, 1970). 

Since lactose is a major osmotic r~gulator of milk (Rook, 1976), 

increased lactose would increase milk volume. 

The present study has also shown that the level of feeding 

of forage rations affect milk yield and composition. Increasing 

pasture intake (Experiment 3.1) increased the yield of milk and 

constituents, milk protein percentage, and decreased milk fat 

concentration, in agreement with other studies (Huttons 1974; 1975; 

T.E. Trigg, unpublished). 

When results of Experiments 3.1, 3.2 and 3.3 (Table 10, Appendices 

6, 9, 14) were compared, the relationships between intake of silage 

and the yields of milk, fat, protein and lactose were all positive 

and for milk fat percentage were negative. Al though these 

relationships were consistent they were not always significant. 

The relati~nships between silage intake and the percentages of protein 

and lactose in milk were small and non significant. When these data 

from ~xpe:d.ments 3.1, 3.2 & 3.3, for cows fed exclusively on silage 

rations are combined (data from 57 animals, for 6 different silages) the 

pooled regression coefficients for the relationships between silage 

intake and the yields of milk, fat, protein and lactose, and milk fat 
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percentage become highly significant (Table 44-). However the 

pooled regression coefficients for the percentages of protein and 

lactose remain non-significant. 

Table 44. Relationship between daily milk production and silage 
intake (DEI/Li!O. 75 

~ • bx + SE Sign. 
Milk (kg) 3.08 .± 0.48 *** 
Fat (g) 135.4 .± 55.0 *** 
Protein ~ g~ 86.7 .± 10.9 ** 
Lactose g 170.4 .± 50.3 ** 
Fat% -0.60 .± 0.15 ** 
Protein % 0.04 .± 0.07 NS 
Lactose ;:& 0.11 .± 0.07 NS 

This finding,that no relationship exists between milk protein 

percentage and feeding level for the silage ration,is in contrast 

to pasture and confirmsthe inferences of Hutton~ al. (1971) and 

Lancaster et al. (1974). It is suggested the increase in milk 

protein percentage of cows fed increased amounts of pasture is due 

to increased amounts of essential amino acids being available for 

milk protein synthesiso Possible reasons for a disproportionate 

increase in the quantity of essential amino acids reaching the small 

intestine with increased pasture feedins level can only be speculative 

but may be due to a reduction in the loss of dietary N as ammonia 

from the rumen as a result of possible decreased retention time 

(Milne and Campling, 1972). Since in comparison to pasture the 

level of true protein in silage is low and the level of soluble 

non-protein N is high, any increase in feeding level is likely to 

have a much smaller effect on the amounts of dietary protein 

escaping rumen proteolysis,and on the levels of ammonia absorbed 

from the rumen than pasture. Further investigations wo~ld be 
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necessary to explain the reasons for the effects of feeding levels 

of these diets on milk protein synthesis. 

The feeding experiments have shown the low production of cows 

on silage rations can be largely overcome by either adding formalin 

to the crop during harvesting, or by wilting. These processes 

increased milk protein synthesis by 10 and 15 %, and improved milk 

protein percentage by 0.12 and 0.14 percent~ge units respectively. 

In practice when these rations are fed as sole rations to milking. 

cows larger responses may be expected, since these treatments can 

also increase voluntary intake of silage (Wilkinson, 1'lilson and 

Barry, 1 976) . More studies are now required to define optimal 

conditions for these treatments in terms of milk production when 

fed to appetite. 

The experiments have also shown that protein supplements can 

be fed with silage to improve the performance of deiry cows. 

Supplementing cows with protein concentrates ( 'i7 % of the DM) resulted 

in a 14 ~ increase in milk protein synthesis and. a rise of 0.16 

percentage units in milk protein concentration. However these 

concentrates are expensive in N.Z. and unlikely to be profitable 

under most local conditions. 

Of greater importance is the value of using silage to supplement 

cows grazing limited pasture. This study has shown that when 

silage and pasture are fed in equal quantities (1 :1 on a DM basis) 

milk protein synthesis is improved by 16 % and milk protein 

· · · sed by 0 21 percentaO'P units in comparison concentration is 1ncrea • o~ 

as a Sole ration at the same intake of DE. to cows offered silage 

Hutton ( 1975) reported that when the proportion of silage fed with 

f two thirds to one third of the ration, milk 
pasture decreased rom 
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protein percentage increased by 0.2 percentage units and milk 

protein yield by approximately 24 %. In view of the difference 

obtained between pasture· and silage in Experiment 3.1 at equal 

intakes of DE, these experiments using silage as a SQpplement to 

pasture indicated that if silage is below 50 ~ of the total ration, 

effects on milk protein synthesis apart from those of inta.l.ce, are 

likely to be small. More work is required to define the milk 

production responses of cows fed different proportions of silage 

in a pasture ration in the two critical periods of winter and 

summer when normal pasture supplies are likely to be limiting. 

Moreover comparisons of direct cut high moisture pastu1~ silage 

and wilted and formaldehyde treated silage are required when they 

are fed a:, supplements to pasture to examine if the benefits of 

these treatments during ensiling are reflected in milk yield and 

composition. 

The effects of pasture and pasture silage on live-weight change 

observed during the course of this work are of considerable interest. 

The indications were that cows offered pasture in early lactation 

mobilized more tissue than cows offered silage at the .same intake 

of DE. Perhaps this is a characteristic of pasture and is in part 

responsible for the high efficiency with which cows convert pasture 

to milk (Hutton, 1971). An extension of this argument is that 

pasture may not be the most suitable ration for improving the 

co:ridi tion of cows in late lactation or during the dry period. 

·1 have this characteristic. Supplements like pasture s1. age may 

f d ·1 may have a lower maintenance 
The possibility that cows e s1. age , 

requirement than those fed pasture (Appendix 4 
and Hutton et _&. 

1971) may also be important in this regard. 
The important practical 
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i~plications of these possibilities strongly indicate that more 

work involving calorimetric and field investigations in this 

general field is essential. 
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.6 APPENDICES 

APPENDIX I. ~esidual sums of squares for models (i), (ii), (iii), and (iv) 
relating milk variates to DEI/kg v;rO. 75. (Experiment 3.1) 

Residual SS 

Milk (kg) 

Protein ( g) 

Fat ( g) 

Lactose ( g) 

Fat% 

Protein % 
Lactose% 

APPENDIX 2. 

Diet 

Silage 

Pasture 

MODEL 

( i) ( ii) ( iii) ( iv) 
( df=19) ( df=20) · ( df=20) ( df=21) 

17.3855 17 0 6487 18.2958 29.5586 

14222.5938 1457400277 15622.8647 35257.3608 

48357.4737 48365.1935 497450 2521 143977. 6938 

4185.4172 3983,7451 407102270 6548.5445 

1.0860 1 .0988 1o0931 3.8503 

0.4133 0.4135 0.4190 o.6459 

2.7488 2.7627 2.7490 3.3570 

Relationship between i::,, LW (kg/di (y), and DEI/kg LW0.'7S/d, 
(x), in Period III. (Experiment 3.1). 

bx± SE 

-0. 55 ± 1.15 

* -0.67 ± 0.32 

-0.66 .± 0.33 

C 

1.00 

2.12 

1.22 

2.10 

r Significance 

-0.15 

-0.54 

-0.40 *** Silage 

Pasture 
------------------·~·-------



APPENDIX 3o Effect of diet and level of feeding on nitrogen partition. (Experiment 3.1). 

Item Diet Nean bx+ S3 C RSD r 

n, % of intake 

Faeces s 31.7 -0.32 ± 1.2 32.5 2.4 -0.07 p 34.9 35.8 

s 42.4 * 59.0 Urine p 48.7 -5.9 ± 2.2 66.2 4.5 -0.59 

Milk s 17.8 -0.13 .± 1.67 18.1 3.3 -0.02 p 24.1 24.4 

s 8.1 *** -9.7 (\j 

NR {:. 4 .± 1 .5 3.1 0.75 _. 
p -7.7 -26.4 CJ'\ 

N, % of digested 
s 61 * 90 -0.61 Urine p 75 -14.9 .±. 5.3 103 1.2 

Milk 
·s 26 0.14 .± 3.4 

26 4.6 0.01 p 37 37 

s 12 -JC'** -16 NR p -7 14. 5 .± 3.2 -40 4.3 0.79 

X denotes DNI/kg 1wO• 75 



APPENDIX 4. Summary of regressions of DEI (MJ/day6 on FCM (kg/d), 6. LW (kg/d), and LWO• 75 (kg); and of ( milk 
enei;gy +~LW enerfs![)/1w0.75 on MEI/LW .75 in Period III. (Experiment 3.1). 

Diet 

Silage 

Pasture 

Silage 

Pasture 

Silage 
Pasture 

I0AH VALU?"' 
DE:I FCM 6.L1·l 

105.8 8.86 -0.52 

127 .4 11.83 -1.59 

Milk Energy + L.LW/LwO• 75 

0.251 

0.182 

LW0.75 bFCH 

79.6 2.24 .± 1.79 
~ 

80.9 3.19 ± 1.29 

MEI/LWo. 75 

1.078 

1.295 

COEF?ICIBNTS + S3 

bt,LW b11.P· 75 C 

** 
1 .87 ±. 4.81 1.27 .± 0.27 -9.08 

** 33.16 ±. 8.9 
*·* 2.27 ±. 0.51 -41.80 

0 ~h 

byr,, I /T T.' • I 'J C J.,.... l.J,J 

0.459 ± 0.375 -0.1297 

** 0.459 .± 0.124 -0.4033 

0.450 .± 0.142 -0.182 
-0.438 

f\) .... 
-..J 

I 
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APPENDIX 5. Summary of mrr (kg/kg Lw0 •75/d), DEI (MJ/kg LW0.75/d), and 
DNI (g/kgL1,/l-75/d) for Period II. (Experiment 3.2) • 

Diet Feeding Level DEI/LW . 75 
m-:1/11..r . 75 DTIT· /T q ... ,. .L· ., 

c.s. 100 1.54 0.140 2.03 
75 1o27 Oo 114 1668 
50 Oa92 0.085 1 • 21 

F. S. 100 1 .41 Oo 152 1. 70 
75 1o00 0.107 1.20 
55 Oo72 0.079 0.85 

w. s. 100 1o55 Oo 140 1. 99 
75 1 .13 0.103 1.46 
50 Oo84 00079 1e08 

Diet I•:e:ms c.s. 1o24 00113 106t1~ 
F.S. 1.05 Oo 113 1. 25 
w.s. 1017 0.107 1. 51 

Level I:e:3.llS 100 1.50 0.144 1 • 91 
75 1. 14 0.108 1o45 
50 0.83 0.081 1.19 

S.D. 0.099 00010 0.129 

Significance 

Diets ** n.s. *** 

Levels *-l(·* *** *** 

Diets x Levels NS 1-I. s. l.~ • ;_; e 

• 75 



APPENDIX 6. Relationships between milk variates and DEI/LWO.?S (MJ/kg LW0.75/d) in Period II (Model (i); 
Experiment 3.2}. 

Item t,!ean 3.D. n}1 ± SE Sign. Ration bx± SE Sign. C R.S.D. 

Nilk Yield (kg/d) 6008 1o89 0.81 ± 0.06 *** c.s. 3.35 ± 0.09 *** -4.24 o.60 
F.S. 2 .. 1.1 + o. 68 *·* -3.56 
w.s. 2o78 +° o.66 **-IC· -3.72 

Milk Fat {g/d) 299 83o9 Oo82 ± 0.07 *** c.s. 136.4 .± 45.91 ** -163.73 31o7 
F.S. 93.5 .± 36.18 * -109.47 
Tr C" 
'r1. t,J. 10508 .± 35.87 ·l!-* -121.20 

Milk Protein{g/d) 189 55.3 0.73 .± Oo06 -1'-¼-l'- c.s. 93o2 ,± 25.24 ** -104-.17 79.4 
F.S. 66.7 .± 20.25 -l!·* -76. 61 
w.s. 95.6 .± 19.75 *** -10i .98 

I,;ilk Lactose ( g/d) 286 92~3 Oo81 .± 0.07 *{(·* c.s. 161.4- .± 43.23 '** -203.62 30.6 
F.S. 116.7 .± 34.51 -)!--!(- -172.31 
\J. s. 141.4 ± 33.84 **ill -192.84 

!!iilk Fat C°0 4.9Y 0.58 0.99 .± 0.08 *** c.s. -0.53 .± 0.33 ll'S 0.97 0.24 
w <"" 
...: -~. -0.34 .± 0.27 1'\'jt'I' 

ih.) 1.09 
~-1. S. -0.43 ± 0.28 NS 1 0 ~ 1 

Hilk Protein (;0 3.15 0.26 0.97 .± 0.13 *•:f* c.s. -C.29 ± 0.20 N'S 0.23 0.14 
F.S. -o. 10 .± o. 17 NS 0.14 
'. "' 0.21 .±,0.15 11.~ro -0.20 w. ;:;i. .i.h.J 

!Ulk Lactose ( ~) 4.70 o. 18 0.91 .± 0.09 *** c.s. 0.09 .± 0.11 NS 0.48 0.08 
,:, !'I 
J..' • i..). 0.09 .± 0.09 :ns 0.36 .. ~ 

'"'. i::, • 0.08 .:t 0.09 11. ... -, 
l'i,.J 0.36 

(~) f den?t~s production in Period I 
(u) x denotes m:rLke twO. r5 in Period II 
(iii) mean DSI/1w0 - 75 = 1.19 .:t 0.33 

~ 

0.96 

0.94 

0.96 
I\) _., 
I..O 

0.95 

0.93 

0.88 

0.92 



APPENDIX 7. Relationship between LW change (kg/a), {y), and DEI/Lw0.75 (MJ/kg L1tf0~75/d), (x), in Period II. 
(Experiment 3.2). 

Diet 

c.s. 

F.S. 

w.s. 

c.s. 
F.S. 
w.s. 

C 

-1.466 

-10070 

-1.494 

-10968 
-1o123 
-1.021 

b .±. SE 

00925 ± 008173 

1.239 .± 0.5542 

1.699 .± 005269 

1 .. 289 .± 0$3621 

Significance RSD R Sir".71.. of Difference 
b's e's 

NS 0.724 00393 

+ 0.494 o.645 NS ** 

* 0.470 0.773 

-1(·* 0.558 0.596 

f\) 
f\) 
0 

I 
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APPENDIX 8. Summary of DHI (kg/kg LW0.75/d), DEI (t.U/kg LW0.75/d), 
DNI (g/kg 1w0.75/d) for Period II (Experiment 3.3.1). 

Diet }!eeding Level DEI/ur O 75 DK.I/LW • 75 DNI/LW 

s 100 1.379 0.100 1.82 
75 1.058 0 .077 1.4-0 
50 0.719 0.052 0.95 

s + p 100 1. 655 0.121 2.73 
75 1.207 0.088 1. 99 
50 0.875 0.063 1.44 

S + MS 
100 10248 0.100 1.09 

75 0.930 0.C/75 0.81 
50 o.6s2 0.055 0.60 

Diet Means s 1.052 0.076 1.39 
s + p 1.246 0.091 2.,06 
s + MS 00953 0.(J/7 0.83 

Level Means 100 1.427 0.107 1.88 

75 10065 0.080 1.40 
50 00759 0.057 1.00 

S.Do 0.102 0.012 0.147 

Significance 

Diets *** *** *** 
Levels *** *** *** 

Diets x Levels NS NS ** 

$ 75 



APPENDIX 9. Relationships· between the milk variates and DEI/LW0.75 (MJ/kg LW0.75/d) in Period II .(.Model (i). 
(Experiment 3.3.1).. • 

Item Eean S.D. Bf± SE Sign. Ration bx+ SE Sign. C R.S.D. R 

Milk Yield (kgfd) 9o44 2.48 0.60 ± 0.04 *** s 4.04 + o.69 *** -2.81 0.10 0.97 
S+P 3.93 .± 0.62 *+a -2.02 
S+MS 3.41 .± 0.97 ** -1~98 

Fat Yield (g/d) 417 95.9 Oo54 ± 0.07 *** s 92.5 .± 40.20 * 1 Oo 14 40.82 0.93 
S+P 88.3 .± 37.98 * 79.97 
S+MS 14200.:t 57.74 * -29009 

Protein Yield(g/d)257 66.1 0.52 ± 0.05 *** s 131.7 + 17.13 *** -88.95 17.42 0.97 
S+P 132.3 + 15.96 *** -51.51 
S+MS 127.6 + 24.52 *** -72.83 C\) 

C\) 

Lactose Yield (g/d)460 
I'\) 

119.3 o.65 .± 0.05 *** s 213.5 .± 37.36 *** -15L,17 37.90 0.96 
S+P 191.0 ± 33.72 *** -96.09 
S+MS 184.2 ± 53.27 .r,;-*.il· -109.83 

Milk Fat (%) 4.49 0.75 1.08 .± 0.16 *** s -1.22 .± 0.48 ..,. o.64 0.46 0.84 
S+P -1.33 .± Oe43 ** 1.24 
S+MS 0.02 .± o.66 NS -0.46 

Milk Prot. (%) 2.76 Oo32 0.83 .± 0.06 *** s 0.21 .:t 0.10 + -0.20 0.10 0.96 
S+P 0.13 ± 0.09 HS 0.11 
S+MS 0.44 .± 0.14 ·x.-11· -0.35 

Milk Lact. (%) 4.87 Oo20 0.94 ± 0.12 *** s 0.21 .± 0.10 * -0.08 0.10 0.90 
S+P o. 11 .± 0.09 NS 0.19 
S+MS 0.16 .± 0.14 NS o. 16 

~~) f denotes_production in ~eriod_I 
(~~ x d.enot:s DSI4ke L'IJO• 75 in Period II 
ni) moan DE1/v..rO. ;5 = 1.08 .:t 0.32 
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APPENDIX 100 Residual sums of squares for Nodels (i), (ii), (iv) relating 
milk variates to DEI/Lw0.75. (Experiment 3o3.1). 

Hodel 
Residual SS ( i) (ii) ( iii) ( iv) 

( df=20) ( df=22) ( df=22) ( df=24) 

Milk (kg) 907333 1001854 9.8664 11.9061 

Fat ( g) 3332605174 3837404013 34412.6888 52355.8723 

Protein ( g) f/J70.1359 6953.5134 6078.3588 12071. 7214 

. Lactose ( g) 28731.9646 30722.6323 29255.5163 33452.5138 

Fat% 4.3177 5.2672, 5.0056 5.7797 

Protein% 0.1985 002951 0.2352 0.4269 

Lactose % 0.2102 0.2185 0.2183 0.2200 



APPSNDI X 11 • 

Diet 

s 

s + p 

S + MS 

s 

s + p 

S + MS 

Total 

Relationship between LW change (kg/d), (y), and DEI/Lw0.75 (MJ/kg LW0.75/d)(±), in Period II. 
(Experiment 3.3.1). 

C b ± SE Significance RSD R Si,"Tl. of diffe=ence 
b's e's 

-30790 2.371 ± 005855 ** 00487 0.837 

-20045 1. 128 ± 004800 * 0.489 o.664 NS us 

-20852 1 0 91 0 ± 0. 9885 + 0.710 00590 

-30074 

-20746 1o690 .± 0.3820 *** 0.572 Oo678 NS 

-2.642 

-20809 1.680 .± 0.3575 *** 00581 Oo685 

I\.) 
I\.) 
..p,. 

I 



APPENDIX 12. Adjusted mean concentrations and molar proportions of rumen VFA immediately before feeding (Oh), 
4h and 12h later (Experiment 3.3.1). 

Diet/Level Time Concentration ~megL100 ml} of VFA Molar% of Total VFA 
HAc HPr IHBu nHBu IHVa nHVa Total HAc HPr IHBu nIIBu IHVa nHVa 

s Oh 3.89 0.87 0.08 0.61 Oo08 0.10 5.53 70.3 15.6 1 .4 9.4 1 .4 1.8 

s + p 3.42 0.51 0.08 0.53 0.11 0.11 5.02 68.3 15.4 106 10.6 2.2 2.1 

S + MS 3.42 0.75 0.05 0.49 0.08 0.08 4.86 69.8 15.5 1.1 10.0 1.9 1 .8 

SED 0.905 0.196 0.019 0.147 00018 0.027 1.288 1.00 0.98 0.22 0.49 0.32 0.23 
Sign. NS NS NS NS NS NS NS NS NS + + NS NS 

Level 100 % 3.53 o. 71 0.06 Oo58 Oo06 0.08 5.07 69.2 1 6. 1 1.2 10.2 1.5 1.7 
50 % 3.62 0.70 0.08 0.50 0.11 0.11 5.20 69o7 14.9 1.5 9.7 2.1 2.0 

SED 00739 0.160 0.016 0.120 0.015 0.022 1.052 0.81 0.80 Oo 18 0.40 0.26 0.18 
Signo NS NS NS NS * NS NS NS NS + NS -)I- NS 

s 4h 5.38 1.66 0.11 0.85 0., 1 7 0.17 8.30 64.2 20.0 1. 3 10.4 2.0 2.1 
s + p 4o95 1.52 0.08 0.95 0.13 0.15 7.79 63.3 190 6 1o0 12.4 108 2.0 
S + MS 4.65 1.35 0.09 0080 0.13 0.15 7.17 64.6 19.0 1.3 11.2 1.8 2.1 

SED 00751 0.207 00018 00097 0.029 0.018 1.043 1.63 L03 Oo 17 1.20 0.25 0.24 
Signo NS NS NS NS NS NS NS NS NS NS NS NS NS 

Level 100 % 5.06 1o42 0.08 0.84 Oe 13 o. 14 7~65 65.5 18.6 1 • 1 11.3 1.7 1.9 
50 % 4o93 1.60 0.11 Oo84 0.13 0.17 7.G5 62.5 20.4 1 .3 11 . 5 2o0 2.2 

SED Oo613 0.169 00014 0.080 0.023 0.015 0.852 1.33 0.84 0.14 0,98 0.20 0.20 
Sign. NS NS NS NS NS + us * + + NS NS ns 

Cont. 

f\.) 
I\) 
Vl 



APPENDIX 12 (Continued). 

Diet/Level Time Concentration {megL100 ml) of VFA - Molar 1c, of Total VFA 
HAc HPr IHBu nHBu IHVa nHVa Total HAc HPr IHBu nHBu IRVa nHVa 

s 12h 4068 1.30 o.os o.66 Oo 10 0.12 6092 67.4 18. 7 1.2 9.7 1o4 10 7 

s + p 4.61 1.23 0.07 0.84 o.os o. 11 6.93 66.5 17,8 0.9 12.0 1o2 1.5 

S + MS 5.01 1.55 0.06 Oo74 Oo 11 Oo 10 7.57 66.3 20.1 0.8 9o9 1.6 1.3 

SED 0.738 0.275 0.013 0.108 00022 0.020 1.098 0.69 1.46 Oo 14 o. 91 Oo28 0.16 
Signo NS NS NS NS NS NS NS NS NS + + NS NS 

Level 100 % 5o 14 1.52 0.07 0.78 Oo 10 0.12 7o73 6.65 19.4 Oo9 10o3 1.3 1.6 f\) 

50 % 4o39 1.20 0.01 o. 71 0.09 0.09 6.55 67.0 18.3 1.0 10.8 1.4 1.4 
f\) 

O'l 

SED 0.602 00225 00011 0.088 0.018 00016 o.896 0.56 1.19 0.11 0.75 Oo22 0.08 
Signo NS NS NS NS NS + NS NS NS NS NS ns NS 
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APPENDIX 13. Summary of DMI (kg/kg LW0.75/d), DEI (M.J/kg 1w0.75/d) and 
DNI ( g/kg 1wO. 75/d) in Period II (Exneriment 3.3.2). 

Diet Feeding Level 

s 

S + PC1 

S + PC2 

Diet Means 

Level Means 

SoDo 

Significance 
Diets 
Levels 

s 
s 
s 

Diets x Levels 

100 
75 
50 

100 
75 
50 

100 
75 
50 

+ PC1 
+ PC2 

100 
75 
50 

DEI/LW0o75 

1.28 
1013 
Oo73 

1.46 
1o22 
Oo78 

10 71 
1 0 26 
0.81 

1.05_ 
1015 
1.26 

1.48 
1.20 
Oo77 

0.140 

* 
*** 
NS 

D}:I/LWOo 75 

0.10 
0.09 
0.06 

0.11 
0.09 
0.06 

Oo13 
0.09 
0.06 

Oo08 
0.09 
Oo09 

0.11 
0.09 
Oo06 

0.011 

+ 
*** 
NS 

DNI/v.,rO. 75 

2.45 
2.16 
1 041 

3.24 
2.66 
1o69 

4e 13 
3.04 
1.94 

2.01 
2 .. 53 
3.04 

3.27 
2.62 
1o68 

0,281 



APPENDIX 14. Relationships between the milk variates and DEI/Lw0.75 (MJ/kg v;.,r0.75/d) in Period II (Model (i). 
(Experiment 3.3.2). 

Item Mean S.D. Bp ± SE Sign. Ration bX + S'S Sign. C R.S.D. R 

Nilk Yield (kg/d) 10.11 2.22 0.10 ± 0.09 *** s 2.57 ± 1.03 * -1.98 0.92 0.93 
S + PC1 3o70 ± 1.08 ** -2.45 
S + PC2 3.52 ± 0o82 *** -2024 

Milk Fat (g/d) 443 8701 0o65 ± 0.07 *** s -4.27 ± 42.43 NS 36. 61l 3801 0.92 
S + PC1 108.69 .± 42095 * -26.68 
S++ PC2 133.73 ± 33.28 *** -42.39 

Milk Protein (g/d) 278 6606 0o67 ± 0o11 *** s 84. 26 ± 28. 23 **· -77.03 25.1 0.94 
S + PC~ 143.14 ± 29.08 *** -133.34 
S + PC2 136.30 ± 22.29 *'k* -103$31 

?-Iilk Lactose ( g/d) 489 10901 0.65 ± Oo09 *** s 144.52 .± 50022 ** -99075 45.1 0o93 
S + PC1 199.69 ± 53.39 ** -125.09 
S + PC2 183.5 .± 40001 *** -113.05 

Hilk Fat 76 4.44 0o 71 0084 ,± Oa09 *** s -1.36 .± 0.3,35 ** 1o89 0.35 0o90 
S + PC1 -0.61 ± 0.376 NS 1.36 
S + PC2 -0.35 ± 0a30? NS 1.22 

Milk Protein ~ 2o75 0o24 0o93 ,± 0o09 *** s 0.16 ± 00123 NS -0.12 0 .11 0.92 
S + PC1 0o44 .± 00119 -l<·* -0.38 
S + PC2 0o33 ± 0.094 ** -0o22 

Milk Lactose% 4o84 0.17 0. 75 ± G.10 *** s 0.17 .± 00115 NS 0o87 0.10 0.88 
S + PC1 0.14 ± 0.112 NS 0.88 
C t'l(i 
,J + l v2 0.18 .± 0.029 NS o.s,i 

(i) ')1 denotes production in Period I 
{ii) x denotes DEI/kg 1wo. 75 in Period II 
(ili) overall mean DEI/Lw0.75 = 1.17 .±. 0.33 

f\) 
f\) 
C) 

I 
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APPENDIX 15. Residual sums of squares for :Models (i), (ii), (Hi), and (iv) 
relating milk variates to DEI/Lw0.75. (Experiment 3.3.2). 

Residual SS Model 
( i) (ii) (iii) ( iv) 

( df=20) (df=22) 1 d~ ~·2) ( df'=24) \ l=C: 

Milk (kg) 19.6583 190 7208 2002589 24.9118 

Protein ( g) 14502.4534 14928.0064 1627200326 23046.1341 

Fat ( g) 3343804116 3567004596 43364.5590 75598.4130 

Lactose ( g) 46787.7961 46963.2276 48017.5487 56338.9853 

Fat% 207556 209205 3.2778 4. 288"1 

Protein~ 0.2682 0.2878 0.2986 0.3435 

Lactose% 0.2338 0.2346 0.2354 0"2907 



APPENDIX 16. Relationship between LW change (kg/d), ··(y), and-DEI/LW0.75 (ID/kg LW0.75), (x), in Period II. 
(Experiment 3.3.2). 

Diet C b + SE Significance RSD R .§1:n. of di ff0rcncc 
b's e's 

s -3.026 2.110 .± 0.5643 ** 0.507 0.764 NS NS 

S + PC1 805 % -20209 10551 .± 0.4235 ** 0.390 o.s11 

S + PC2 18 % -2.514 1.854 .± 0.3346 *** 0.384 0.902 

-2.723 
Pooled -2.539 10837 .± 002492 *** 0.430 0.822 :t-l'S 

-20493 

Total -20664 1 0893 .± 0.2428 *** 0.427 0.827 

I 

N 
~ 
0 

I 



APPENDIX 17. Adjusted mean concentrations and molar proprotions of rumen VFA immediately before feeding (Oh) 
and 4h later. (Experiment 3.3.2). 

Diet/Level Time Concentration {merL100 ml} of VFA Molar % of Total VFA 

HAc HPr IHBu nHBu IHVa nHVa Total HAc EPr IHBu nHBu mva nHVa 

s Oh 3068 0.88 Oo06 0.54 0.07 Oo04 5o26 69.9 16.7 1 • 1 10.4 1.3 0.8 

S + PC1 4.30 1.04 0.06 o.63 0.09 0.03 6. 14 10.0 16.9 1 . 1 10.2 1. 5 0.5 

S + PC2 5.47 1.38 o.os Oo79 0.10 0.06 7.89 69o3 17.5 1 • 1 10.1 1.3 008 

SED 0.585 0.162 0.010 0.090 0.010 0.013 0.827 0.76 1 .02 0.21 0.43 0.16 0.18 
Signo * * NS * * + * NS NS NS .NS NS NS 

Level 100 % 5o06 1 .25 Oo06 Oo74 0.08 0.04 7.23 70.0 17 0 1 1.0 1 Oo2 1 o2 Oo6 
50 % 3.91 0.95 Oo07 Oo56 Oo08 0.04 5.63 69.5 16. 9 1.3 10.1 1 .5 o.s 

SED 00478 0.132 00009 0.073 0.008 0.011 0.676 Oo62 0.83 0.17 o. 35 0.13 0,.15 
Signo * * NS * NS NS * NS NS + NS + NS 

s 4h 6033 1 081 Oo13 0.90 Oo21 Oo20 9.58 65.8 19005 1o4 9.5 2.2 2.2 

S + PC1 7 .31 2.13 0.16 Oo99 0.22 0.22 11.04 66.2 19.38 1o5 8.9 2.0 2.0 

S + PC2 So 10 2.02 Oo 16 1.10 0.24 Oo25 11.87 6802 17 0 10 1.4 9.3 2.0 2.0 

SED 00569 0.176 0.016 0.097 0.019 0.021 0.742 1. 90 1.45 0.12 0.54 0.12 0.20 
Signo ·Jr: NS NS NS NS NS * NS NS NS NS fTS N3 

Level 100 % 7.59 1.97 Oo 16 1 .01 Oo23 Oo23 11019 67.8 17. 7 1 .4 8.9 2o 1 2 .1 
50 ~:f 6.91 2o00 0,.14 0.99 0.21 0.21 10.47 65o7 10 ~ .., . .,, 1o4 9.5 2~0 2o0 

SED 0.465 00143 00013 0.079 0.016 Oo0i7 0.606 1 .55 1.19 o. 10 0.44 0.10 0 .. 17 
Signo NS NS NS !IS NS NS NS lfS NS lT('t r•,Js rrs -r,,sc:, 

,L·,..,; ,i,-j 

' 
(\) 

vl 
-' 
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APPSNDIX 1 Ba ~CV ~? plasma urea ( I!l{i/100 r.:l) 3.nd c<. amino N ( mg/1) 
immediately "before feeding and 4 h later from eows 
fed silage and receivin,c7, abomasal infusions of 
sodium caseinate, sodium caseinate plus L-methionine, 
or saline (Vean differences+ S~D). 

Experiment 3.4.1 

RC-HS 

% PCV 
Plasma Urea 
Plasma Amino N 

LC-LS 

% PCV 
Plasma Urea 
Plasma Amino N 

HC-LC 

% PCV 
Plasma Urea 
Plasma Amino N 

Experiment 3.4o2 

CM-S 

% PCV 
Plasma Urea 
Plasma Amino N 

c-s 
% PCV 
Plasma Urea 
Plasma Amino N 

CM-C 

% PCV 
Plasma Urea 
Plasma Amino N 

Oh 

o.53 ± o.65 
0.30 ± 0.72 

-2.30 ± 2.03 

-0.23 + 0.32 
0.92 + o.68 

-6.75 ±, 2o99 

Oo75 + 0.92 
-0.63 ± 1.24 

4.45 ± 3.55 

-0.28 ± 0.56 
.:..1.48 ± 1 .80 
-2.09 ± 3.59 

-0.85 ± 0.52 
-0.35 ± 1.39 

6.05 ± 3.97 

0.58 ± 0.51 
-1.13 ± 3.17 
-8.14 + 2.83 

HC, C = 300 g Na caseinate in 10 1 
LC -= 150 g Na caseinate in 5 1 
HS, S = 10 1 saline 

4h 

-0.73 ± 0.28 
0.50 ± 0.91 

-0. 58 ± 3.42 

-o.2s ± o.64 
-0.43 ± 1 .05 

2. 23 .±. 4. 94 

-0.45 ± 0.60 
0.93 ± 1.30 

-2.80 ± 8.13 

1.55 ± 0.92 
-0.70 ± 1.05 
23.86 ± 2.04*·* 

-0.13 .± 0.77 
1 .28 ± 0.86 
9.92 .± 4.02 

L68 + 1.15 
-1.98 + 1.83 
13094 .± 5.41+ 

LS = 5 1 saline 
CM = 300 g Na caseinate plus 12 g methioni.ne in 10 1. 

--



APP~NDI~ 19. Effect of abomasal infusions of 300 g/d sodium caseinate (c) or (c) plus g/d 
L-methionine (CM) on the concentrations of amino acids (u moles/1) of cows on 
silage rations immedately before feedin~ (Oh) and 4h later. (Sxperi~ent 3.4.2). 

Amino Acid 

Vo.line 

Cysteine 

Methionine 

Time 

Oh 
4h 

4h - Oh 

Oh 
4h 

4h - Oh 

Oh 
4h 

4h - Oh 

Isoleucine Oh 
4h 

4h - Oh 

Leu cine Oh 
4h 

4h - Oh 

Tyrosine Oh 
4h 

4h - Oh 

Phenylalarine Oh 
4h 

4-h - Oh 

Mean 
C CH 

210 160 
290 300 

16 42 
18 37 

9 
26 

109 
137 

116 
170 

44 
92 

48 
57 

10 
73 

87 
185 

87 
245 

36 
138 

45 
84 

cr-r-s 
Diff ± SED 

17 .2 .± 9o60 
17704 .± 23.7 ** 
16001 .± 30.5 * 

16.1 ± 8.2 
26o5 ± 11.7 
10,.4 .± 19o2 

1.6 + 2.7 
66.0 + 18.1 * 
64.4 + 1908 * 
-1.1 .± 2.1 

111.9 ± 40.1 + 
113.0 ± 41.9 + 

-7.4 ± 4.5 
176.9 .± 58.6 + 
1 84. 2 .± 63. 1 + 

5.2 .± 3.8 
108e9 + 21.4 * 
98.6 .± 21 .6 * 

-0.75 .± 5.7 
41.5 ± 17.9 
42.2 .± 20.4 

C-S 
Diff .± SED 

57.4.:: 7.0 ** 
155.8 ± 32.0 * 
98.5 .± 35.9 + 

2.2 .± 4.5 
8.4 + 3.9 
601 .± 5.2 

-0.6 + 1o3 
18.6 .± 9.9 
19 .. 2,,± 8.7 

17.0 + 5.9 + 
61.7 + 16o7 *• 
44.7 .±. 17.7 + 

17.1 .± 4..8 * 
98. 6 .± 27. 4 i'.-

81. 5 .± 26.4 + 

7.4 .± 5.7 
55.2 .± 16.5 * 
47.9 .± 13.3 * 

-3.4 .± 4.0 
15.7 .± 8.2 
19.1 .:!: 11.6 

·-------------·--- --------

( c:--:-s) -( c-s) 
Diff .± ~SD 

-4003 .± 11.2 * 
21.5..:!;38.1 
61. 6 .± 48.9 

13.9 .± 12.4 
18.1 ± 11.2 
4.2 .± 23.5 

2o2 .± 3.2 
47o4 .± 23.2 
45.1 .± 23.8 

-18. 1 .± 5. 4 * 
50.1 + 49.4 
68.2 + 51.9 

-24.5 .± 2. 5 ·H 

78.2 ± 76 .. 2 
102.7 .± 77.0 

-2.1 .± 8.6 
48 .. 6 ± 3",..1 
50.7 .±. 31.9 

2.6 .± 5.6 
25.8 ..± 20.2 
23.1 .± 21.3 

Cont. 

I'\) 
~ 
~ 



APPENDIX 19. {cont.) 

Ar::.ino Acid m· 11.me Mean C:M-S C-S ( C!:-S )-( C-8) 

C CM Diff .± SED Diff .± SED Diff .± SED 

0( Amino-n-butyric Oh 26 27 10.3 ± 4.2 + 7 .s ± 3.4 2.6 .± 2.7 
4h 26 30 12.4 .± 2.9 * 7.5 .± 3.3 4 . 9 .± O . 9~-

4h - Oh 2.0 .± 1.7 -0.2 .± 3.7 2.2 ± 3.2 

Plasma NH3 Oh 609 638 -15.2 ± 47.9 -81.0,:t 15.4·11- 65.7 .± 60.5 
4h 578 686 -18.7 + 60o1 -224.9 .± 68.3* 216.1 ± 115.7 

4h - Oh 6.5 ± 48.5 -143.9 ± 74.8 150.4 .± 108.4 
N 
\.,>l 
~ 

I 
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APPENDIX 20. The effect of abornasal infusions of glucose ( 290 g/d), L-T:ietllionine 
( 12 g/d), sodium caseinate ( 300 g/d) or saline ( 10 1/d) on ;:,,:;_•ot,s 

energy partition of cows fed silage. ( 3xperir::ient 3. 4. 3) . •• 

-------------------------------·-·•·"---··· 
Variable 

Casein 

Gross Energy Intake (HJ/d) 

Silage 106.9a 

Infused 608 

TOTAL 113o7a 

Apparent Digestibility 69o7a 
cf 
Ir:, 

Energy Content (MJ/kg DH) of: 

Milk 

Faeces 

Urine 

Energy Excreted (MJ/d) 

Milk 

Faeces 

Urine 

Energy,% of GEI 

Faeces 

Urine 

Methane( est) 

Milk 

Residual( est) 

Milk + Residual 

Energy,% of DEI 

24o6a 

17o6a 

10o2a 

17.3a 

34.3a 

7.9a 

30.oa 

7.0a 

7.8c 

15.2a 

40.0a 

55.2a 

Urine 9.8a 

Milk 21.8a 

Residual 57o3a 

Milk+ Residual (HE) 78o9a 

Infusate 
Glucose Methionine Saline SED 

109.3a 109.3a 109.6a .±. 1 ~06 

4o4 

1130 7a 

70.0a 

24 .. 8a 

17o3a 

8.9b 

17 .1 a 

34.0a 

6.Ba 

30.0a 

6.1 a 

8.0b 

15.1 a 

40.sa 
55.9a 

8,8a 

21o7a 

58.1a 

79.Ba 

109.3b 

68.5a 

24.7a 

17.7a 

8.6b 

17.3a 

34.4a 

7.3a 

31.4a 

6. 7.a 

8o4a 

15.Ba 

37.79. 

53.5a 

9.Ba 

23.0a 

55.1a 
78.1a 

68o9a .± 0.58 

24.7a .± 0~28 

17.5a .±0.20 

8.4-b .± 0.37 

15. ?a + 1 .07 
34.0a .± 0.95 

7.0a ± 0.40 

31.2a ± o.67 

6.5a .± 0.38 

8.4a .± o.04 

14.4a .± 1.06 

39.5a + 1.32 
53.9a .± 0.95 

9.5a .± 0.55 

21.oa .± 1060 

57.4a .± 1.63 

78.1 a ± 0.73 

Heans not containing common letters differ significantly (Pi.0.05) 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

N'S 



APPENDIX 21. The effects of abomasal infusions of glucose (290 g/d), L-methionine 
(12 g/d), sodiuCT caseinate (300 g/d), and saline (10 1/d) on PCV fa, 
plasma urea and o< amino N concentrations irmnediately before feeding 
( Oh) and 4h later. {Ex:perlmont 3.4.3). 

Variable Infuso.te 
Casein Glucose Methionine Sali:.1e ST-.:D Sign. 

PCV % 
Oh 31.7a 30.Sa 31.1 a 30.Sa .± 0.84 NS 

4h 31.5a 30.'1 a 30.6a 31.1 a .± 0.62 NS 

4h - Oh -0.25a -0.65a -0.48a 0.33a .± o.648 NS 

Plasma Urea (mg/100 ml) 

Oh 8.25a 8.60a 6.60a 7.90a .± 0.89 NS 

4h 15.0a 13.3ab 11. 7b 13.9ab .± 1.12 NS 

4h - Oh 6o7a 4.8b 5o 1ab 6.0ab .± 0.48 * 

Plasma Amino N ( mg/1) 

Oh 41.4a 48.6a 48o8a 41.1 a .± 8.44 :NS 

4h 51.3a 37.6b 37.9b 37.4b ± 4.61 + 

4h - Oh 9.9a -11.0a -11.0a -3.7a ,±10.84 NS 

Mnan~ no~ ~on+""nin~ corn~on l 0 tter~ ·~t·f-- ~~ ~~~~~ 0 --t·1 (P,o ro-, ..... ...,_ IV .... V V "'CI.J.. . .- b ~.a "-' . a..,, Q,.. - -~ G.1.. v_1_r.:,l ....... j_ 1. '--'<.--~,\. y O 'J / 

r\) 
\.N 
O'\ 



APPENDIX 22. Mean PCV %, and concentrations of plasma urea and plasma o< amino U immediately before feeding 
(Oh) and 4h later of cows fed silage rations and receiving abomasal infusions of sodium 
caseinate (C, 300 g/d), glucose (G, 290 g/d), glucose plus sodium caseinate (G+C), or 
saline (s, 10 1/d). (Experiment 3.4.4). 

Variable Infusate Sitmificances 
C G G+C s SED C G CxG 

~ 

PCV fo 

Oh 29.2 28.2 27.4 28.3 ± 0.89 NS NS NS 

4h 30.0 29.9 29.2 30.4 ± 0.45 NS + NS 
I\.) 

4h - Oh 0.80 1. 78 1.80 2.10 ± 1.00 NS NS NS \.J,I 
-.J 

I 

Plasma Urea (mg/100 ml) 

Oh 8.8 8.3 8.2 8.4 ± 0.42 NS NS Tu"'S 

4h 14.4 12.8 12.4 12.8 ± 0.86 NS NS 1"'S 

4h - Oh 5.60 4.43 4.15 4.40 ± 0.99 HS lJS NS 

Plasma Amino N (mg/1) 

Oh 39.4 43.6 41.6 42.6 ± 2.52 NS NS lIS 

4h 53.,7 30.0 46.3 35.2 ± 4.65 ·*** IiS NS 

4h - Oh 14.23 -13.65 4.70 -7.38 .± 5,34 ** + NS 



APPENDIX 23. 

Item Time 

PCV % Oh 
4h 

4h - Oh 

Plasma Oh 
Urea 4h 

4h - Oh 

Plasma Oh 
·Amino N 4h 

4h - Oh 

Plasma Oh 
NH3 4h 

4h - Oh 

Rumen Oh 
11H3 4h 

4h - Oh 

Rumen Oh 
pH 4-h 

4h - (}h 

Mean PCV % and concentrations of ammonia (mg/100 ml), urea (mg/100 ml) and C( amino N (mg/1) in plasma, 
and mean pH and ammonia concentration in rumen fluid (mg/100 ml) immediately before feeding (Or.) and 
4h later of cows fed pasture (P) or silage (S) rations and receivinc abomasal infusions of 300 g/d 
sodium caseinate (c) or 10 1/d saline (s). (Experiment 3.4.5). 

Treatments Pc-Ps Sc-Ss ( Pc-P s}-~ Sc-Ss) Ps-Ss 
Pc Sc Diff ± SED Sign. Diff + SED Sign. Diff + s,e;n c,• ..,ign. Diff ± SED Sign. 

31.1 31.0 -2.3 ± 1.51 NS -1.4 ± 0.55 + Oo9 + 2.32 NS 0.9 ± 1.00 NS 
31.4 32o3 -0.02 ± o. 93 NS 0.5 .± 1.00 NS 0.5 ± 1o62 NS -0.4 ± 0.57 NS 

2.31 ± 1o21 NS 1.9±0.91 NS -0.4 t 2.42 NS 

10.3 8.2 1.1 ± 1.74 NS -0.3 .± 0.57 N,.., 
u -1.4 ± 2.23 NS 0.1 ± 0.33 JJS 

8.7 12.9 1.0 ± 1.20 NS 0.8 ± 1.27 NS -0.2 + 2.80 NS -2.3 ± 0.55 * 
1.2 ± 1.66 -0.1 ± 1 .32 NS 1.1 ± 1 .09 NS NS 

42o3 42.8 5.4 + 4o27 NS 1. 6 ± 3. 73 NS -3. 9 ± 10.06 ?IS -4.3 ± 2.61 NS 
54.5 56.8 19o3 + 6.68 :,:. 16o4 ± 4.60 * -2 • 9 ± 1 4 . 1 4 IJS -5.2 ± 3.14 NS 

13087 ± 5.01 + 14.8 ± 2.64 * 0.9 + 10.44 NS 

Oo83 o. 71 , 0.2 ± 0.01 + -0.007 ± 0.09 NS -0.2 .± 0.22 NS -0.08 + 0.06 NS 
0.71 0.49 • 0.02 ± 0.03 NS -0. 21 ± o.os + -0.2 ± 0.13 NS -0.007 + 0.02 NS 

-0.2 ± o.os + -0.20 ± 0.10 NS -0.02 ± 0.20 NS 

9.4 5o 1 1.2 .± 1.68 NS 0.7 ± 0.83 !JS -0.5 + 2.25 NS 308 + 1 .17 ·* 
18.2 19.4 3'-.3 .± 5. 79 r~·s 0.3 + 2.29 NS -2.9 + 7.68 NS 4.0 ± 3.16 rTS 
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