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SUMVARY

In the high-yielding dairy cow, prodigious anounts of nutrients nust
be supplied to the manmary gland to neet the needs for mlk secretion. The
principal nutrients are: glucose and amino acids (precursors of |actose and
protein) and acetate, B-hydroxy-butyrate, triglycerides and |ipoproteins
(supplying energy and as precursors of fatty acids). Dietary nutrients and
products of rumnal fermentation (VFA and digestible nmicrobial conponents)
enter the blood plasma pools after absorption fromthe alinentary tract,
or upon nobilization of body tissues. These nutrients are partitioned to-
wards mlk constituents or body reserves according to the cow s current
physi ol ogi cal requirements which depend on factors such as breed and stage
of lactation. Partitioning appears to be affected by plasma |evels of
growt h hornmone, insulin-glucagon and probably various gut hornones.

MIlk yield is affected principally by breed and availability of dietary
energy but also higher yields generally occur with higher concentrations of
crude protein in the diet (although excess protein may inpair fertility).
Diet also affects mlk conposition. A lower ratio of fibrous material:
readily fernentable carbohydrate can result in a lowered mlk fat content
without major effects in the short-term on solids-not-fat (SNF). SNF may be
reduced by underfeeding, but may be higher on |owroughage diets, especially
when maize is a major conponent.

| NTRODUCTI ON

The mlk yield per cow in Australian dairy herds is generally | ower
than that in sinmlar herds in European countries, where cows often yield
nore than 6000 litres/lactation. This |ower production is probably largely
a result of poorer nutrition, particularly where pasture makes up a signif-
icant part of the diet. \Wen production per cow is increased, the fraction
of the total feed inputs used for nmaintenance is reduced; fixed and labour
costs per unit production are also reduced and econonmic returns nay be
| mproved.

In the future the economc incentives which currently determine the
nutritional management of mlking herds will differ from those that exist
at present. Producers are presently paid for nmilk on the basis of total
solids, fat content or solids-not-fat (or conbinations of these); protein
concentration per se is not usually considered. In the future, the enphasis
may change towards production of mlk with higher ratios of protein and
| actose to fat (see Van Es and Van der Honing 1979), because of changing
attitudes in society to mlk and mlk products with respect to protein nut-
rition, and obesity and cardio-vascul ar disease. The devel opment of manage-
ment strategies that will lead to higher efficiencies of mlk production
with an appropriate balance of fat and protein will depend, ultimately on a
basi ¢ understanding of the processes involved in mlk synthesis and excretion.

This paper provides a general overview of our current know edge of the
di gestive and metabolic processes that affect mlk yield and composition.
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M LK SECRETI ON

The alveolus is the main organ involved in mlk secretion and is a
smal |, hollow, spherically-shaped structure lined internally by a single
layer of secretory epithelial cells. In the mammry gland the alveoli are
linked by a system of branching ducts that enable mlk to collect and
eventual |y pass out of the udder. The alveoli are richly endowed with
capilliary bl ood vessels that provide nutrients, and chem cal nessengers,
and remove end-products of netabolism The alveoli are also bathed by |ynph
fluids. During pregnancy adipose tissue is nobilized and replaced by mamm-
ary parenchyma; the alveoli develop and there is a marked branching of the
duct system (Mepham 1976). The specific secretory capacity devel ops towards
the end of gestation with |actogen fromthe placenta probably being invol-
ved (Forsyth and Hayden 1977). Proliferation of epithelial cells apparently
continues after parturition in some manmalian species including rats, rabb-
its, pigs (Anderson 1974); however, this is thought to occur to only a
m nor degree in the cow (Bal dwi n 1966), whi ch Swan (1979) points out is
surprising, as peak |actation does not occur until 2-6 weeks after calving
The increase in yield in early lactation is therefore, presumably due to
an increased rate of secretion per cell induced by increased supply of nut-
rients. MIk yield per lactation depends on the rate of secretion per cell
and the longevity of lactating cells, both of which are affected primarily
by nutrient availability (Swan 1979), but al so by the extent and frequency
of mlk withdrawal from the udder

SECRETI ON RATE AND COVPOSI TI ON

The rate of mlk secretion is linearly related to blood flow rate through
the mammary gland (Linzell 1971) as well as the concentrations of nutrients
in the blood and their rates of transfer into secretory cells

The major constituents of mlk fromdairy cows are: water (86-88%), fats
(3.7-5.1%); | act ose (4.5-4.7%) and proteins (3.1-3.8%). Lactose and protein
are the main constituents of the solids-not-fat in mlk; lactose is the mgj-
or osnotically-active solute apparently affecting yield of mlk (which is
isotonic with the blood) by its effect on net water novenent into the secre-
tory cells (Rook 1976). Changes in mlk conposition are therefore largely
affected by rates of secretion of proteins and fats relative to |actose
A reduction in mlk fat content can be induced either by an increase in
mlk yield which is brought about by increased production of |actose and/
or by decreased secretion of fat. A wide range of ratios of fat: lactose
can be induced experimentally indicating that secretion of these compon-
ents can proceed |argelyindependently, whereas the smaller range in ratios
of protein: lactose indicates that secretion of these conponents nmay be nore
closely linked (Sutton 1981)

M1k conposition differs between breeds (See Table 1 in 0ldham and
Sutton 1979) and anongst individuals within a breed. It also changes as
| actation advances. Colostrum contains a high content of protein and tota
solids may exceed 25% In the first few days after calving, protein content
falls rapidly. Thereafter protein, fat and total solids concentrations con-
tinue to decline," while lactose content rises, and mlk yield rises to max-
i mum usual Iy 6-12 weeks after calving. Later, protein and fat contents in-
crease while lactose content and yield decline slowy; protein content may
rise noticeably in pregnant cows in the last 3-4 weeks of lactation (Rook
and Campling 1965). Thus the concentration of total solids is generally in-
versely related to mlk yield whether yield is affected by breeding or



feeding or stage of lactation (0ldham and Sutton 1980). Selection within
a breed for higher mlk yield results in a reduction of fat and protein
content. Nevertheless, the total yield of solids generally increases with
increasing yield (Touchberry 1974).

NUTRI ENTS UTI LI ZED BY OR SYNTHESI SED IN THE MAMVARY GLAND

The major substrates extracted from the blood by the manmary gl and
are glucose, acetate, amno acids, |ipoprotein triglycerides and B-hydroxy-
butyrate. Miuch of our quantitative know edge of the uptake of these nut-
rients has been obtained either by a measurenment of arteriovenous concen-
tration differences across the manmary gland conmbined with estinmates of
bl ood flow, or by using the isolated perfused udder (see Linzell 1971)
Sone of these substrates are discussed bel ow

d ucose and |actose netabolism

In the high-yielding dairy cow 70-90% of the glucose entering bl ood
plasma can be extracted by the mammary gland (Annison and Linzell 1964;
Kuhn 1978), even though its tissues constitute only 5% of the cows live
wei ght, and 40-60% or this glucose is used in the synthesis of |actose.
G ucose is essential for mlk production and Linzell (1967) concluded that
its availability may [imt mlk secretion. Hardwick et al. (1961) studied
the isolated, perfused mammary gland of the goat and found it continued to
produce mlk (of decreasing fat content) when acetate concentration was re-
duced in the perfusate; however, when glucose concentration was reduced bel ow
200 mg/litre, mlk secretion ceased abruptly. Later studies (Hardw ck et al.
1963) with (U - l4c) glucose showed that 77% of the lactose -C, 23% of the
mlk triglyceride glycerol -C, 41% of mlk citrate -C, and 39% of the C0,-C
output by the perfused gland was derived from glucose. @ ucose contributes
approximately 5% of the Cin total mlk fat and 5% of the Cin mlk casein.

Thus bl ood glucose is the main precursor of lactose in mlk. It is
also a major precursor of triglyceride glycerol and a source of energy for
metabol ic processes, in particular the reduced NADP required for |ipogenesis
30% of 'the glucose extracted by the manmary gland entered the pentose phos-
phate pathway (Kuhn 1978) and flux of glucose 6-phosphate through the path-
way was sufficient to account for 34% of the NADPH required for fatty acid
synthesis and for all the COQ2 produced from glucose in the mammary gland of
the fed, lactating goat (Chaiyabutr et al. 1980). G ucose requirenents of
high yielding cows are therefore necessarily high. For exanple, Arnstrong
and Prescott (1971) have calculated that a 590 kg cow yielding 20 kg mlk
(4% fat: 4.7%lactose) would require at least 1.5 kg glucose

A nunber of workers have nmade estimates of glucose turnover rates in
| actating cows using tracer dilution nethods (see Leng 1970). The results
give an indication of whether glucose supply to the manmary gland (from
absorption and gluconeogenesis) is likely to be a primary limtation to
mlk yield For exanple, Bruckental et al. (1980) made estinates of glucose
kinetics in cows of 590 kg live weight producing 25-33 kg/day mlk by neans
of single injections of [6-3H]-glucose in weeks 2-9 of l|actation. Using
Arnmstrong and Prescott (1971) as the basis of calculation these cows m ght
have been expected to require 1.8-2.2 kg glucose/day. The actual estimates
of irreversible loss of glucose were 2-3 kg/day indicating that these cows
were able to neet their theoretical mnimum requirements, and therefore that



glucose per se was probably not a primary limtation to mlk yield. Never-
theless, there is generally a close correlation between glucose irreversible
loss and m |k yield, and between mammary uptake of glucose and mlk yield
(Patterson and Linzell 1974). The glucose irreversible [ oss rates of Bruck-
entall et al. _(1980), expressed in netabolic live weight terns were 14-22
mg/min per WO-73, |n conparison, estimates made recently by GJ. Lee,

D.W Hennessy, T.J. Rempton, J.V. Nolan and R.A. Leng, in Hereford cows at
the same stage of lactation were only 3.5-53mg/min per W0-73,

Rates of irreversible loss of glucose in non-lactating rumnants are
lineatly related to digestible or metabolizable energy intake (Judson and
Leng 1972). In general, a simlar relationship occurs in lactating cows,
al though a curvi-linear relationship may give a better fit to the avail-
able results (see Fig. 1). Curvi-linearity may occur at higher ME intakes
which are usually achieved using concentrate diets that provide by-pass
starch and may give rise to absorbed glucose that conplenents gluconeogen-
esis. Simlar relationships froma variety of species in different physio-
| ogi cal states are given by McEwan et al. 1976.
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Figure 1: The relationship for lactating cows between the rate of irrever-
sible loss of plasma glucose (filled synbols) or rate of secretion
of mlk lactose (unfilled symbols) and metabolizable energy in-
take. 0, ® data of Horsfield et al. 1974;0 ,Bdata of GJ. Lee
et al. (in preparation).

Despite the relatively high requirenent for glucose in high vyielding
cows , mlk yield responses to abomasal infusions of glucose usually have not
occurred (e.g. Tyrrell et al. 1972; @rskov and G ubb 1977; Rogers et al. 1979),
al though yield was raised in one experinment with goats on normal diets when
injected with glucose (Linzell 1967).

The information currently available suggests that availability of
glucose to the mammary gland is seldoma primary linitation to mlk secretion
in high yielding cows given conventional concentrate diets but, this con-
clusion may not hold when lactating cows are fed predomnantly |ow quality
forages.



Amino Acid Metabolism

In mlk there are two nmgjor groups of proteins, the casein and non-
casein Or whey proteins. Mst of the mlk protein is synthesized in the
mamary gland where there is extensive intracellular metabolism of amno
acids prior to protein synthesis. Plasma proteins make only a very snal
direct contribution to mlk proteins. The extraction of non-essential amino
acids from blood plasma is highly variable and it is therefore probable
that synthesis and metabolism of these acids is also variable. Non-essentia
amno acids are synthesized using carbon from a variety of carbohydrates,
fatty acids and amno acids. In the goat (and probably other species) rel-
atively large amounts of arginine and ornithine are extracted from bl ood
plasma and netabolized in the udder and, interestingly, in the perfused
mammary gland of the goat, (but not of cows) urea is produced (see Mepham
1971). Qutamate and other amno acids appear to be oxidized to provide
energy. The essential amno acids appear to be obtained alnost entirely
by extraction from blood plasma, in anounts generally slightly in excess
of requirenments for the mlk proteins secreted (see Mepham 1971). There is
some evidence that availability of essential amino acids to the manmary
gland may at times [imt rates of mlk secretion. No one anmino acid stands
out as being clearly linmting in the high-yielding cow, but there appears to
be a reasonable case for considering methionine and phenylanaline as |ikely
to be first limting with, under sone conditions, threonine and |ysine be-
ing co-limting (Mepham 1982)

Li pid metabol i sm

In non-ruminants glucose is a precursor of fatty acids in mlk whereas,
in rumnants the virtual absence of ATP. citrate |ysase nmay prevent its use
for this purpose (Hardw ck 1966) and acetate and B-hydroxy-butyrate are used
instead. Qther workers have found higher levels of this enzyme; they suggest
that the enzyme is inhibited by higher Ievels of acetyl-CoA and that it is
i nduced when appreciable amunts of glucose are absorbed from the alinentary
tract. Differences in glucose metabolism between rum nants and non-runinants
may therefore occur because of effects of different levels of acetyl-CoA or
gl ucose on'the respective enzyne activities (see Rook 1971).

The pathways of milk fat synthesis in runminants have been reviewed com
prehensively el sewhere (see for exanple, Smith 1980). Briefly, fatty acids
with 4-10 carbon atoms representing approxi mately 26% of the fatty acids
excreted in mlk (Chaiyabutr et al. 1980) are derived mainly from acetate
but al so B-hydroxy-butyrate; those with 18 carbon atons (37% of milk fatty
acids) are derived from blood plasma triglycerides and |ow density |ipo-
proteins; and those of intermediate chain length from any of these sources
Acetate absorbed fromthe rumen is a major source of nmlk fat. Were this is
limting, particularly in early lactation, there is uptake by the manmary .
gland of triglyceride fatty acids from chylomicrons and bl ood |i poproteins
that are derived mainly from adipose tissue. Fatty acids are released from
fat cells into the blood where they are bound to al bumin and transported
tothe mammary gland (and other tissues) and used asenergy sources.

The conposition of mlk fat changes as lactation proceeds and the ratio
of Cy¢-C18:Ce—Cy4 fatty acids decreases because the contribution of body
reserves to mlk lipids also decreases throughout the lactation cycle. In
early lactation, the cow may draw heavily on body reserves and |ose weight;
this results in higher concentrations of plasma non-esterified fatty acids
which are positively correlated with the yield of mlk fat during this period
(Mrris and Swan 1975). Plasma triglyceride fatty acids are hydrolyzed by



|'i poprotein |ipase located in the capilliary endothelium of the mammary
gland, and the acids released, plus those synthesized in the alveolar cells,
are esterified by the phosphatidic and diglyceride pathways into triglycer-
ides and incorporated into the mlk fat globule. The necessary phosphatidic
acid is obtained fromfree glycerol or glucose (see Storry 1981).

The composition of mlk fat depends to some extent on the fat in the
diet, but nore specifically on the nature of the fat absorbed from the
smal| intestine. Dietary fat is extensively netabolized in the rumen un-
less it has been "protected", for exanple, by encapsulation in formaldehyde-
treated casein (Scott et al. 1970). The lactating cow can absorb, transport
and metabolize large quantities of fatty acids (1.2 - "2.1 kg fat/day in
Friesian COWS) Without netabolic stress (see Storry 1981).

Al'though lipids are major precursors of mlk fat, they are also najor
sources of energy in the mammary gland of the rum nant which has a need to
conserve glucose (Smth and Taylor 1977).

EFFECT OF SUPPLYING PROTEIN VERSUS G.UCOSE

Increases in mlk yield occur in high yielding dairy cows when casein
is infused intravenously or into the abomasum (for review, see Cark 1975).
An inportant question is whether the availability of protein per se, that
is of essential amino acids, can be a primary limtation to synthesis of
mlk proteins and thereby mlk yield. @rskov et al. (1977) fed four poten-
tially high-yielding Friesian cows on a ration calculated to provide suffic-
ient nutrients for maintenance and 10 kg/day of fat-corrected mlk and in-
fused variabl e anobunts of casein and gl ucose into the abomasum for periods of
12 days in a Latin-Square design. As glucose was replaced by casein, mlk
yield and fat and protein content increased and energy bal ance becanme nore
negative. They concluded that, in early lactation, protein availability may
restrict mlk yield, apparently through an effect on nobilization of body
reserves. In goats fed a diet adequate in energy but low in protein, Farhan
and Thomas (1977) found that an abomasal infusion of casein produced a 29-
31% inprovenent in yield of mlk and mlk |actose whereas an iso-energetic
i nfusion of glucose produced only 6-8% i nprovenent in mlk and | actose out-
put. They concluded that the availability of amno acids increased |actose
synthesis in the manmary gland and mlk yield, not by amino acids acting as
direct precursors of glucose, but by sonme independent nechanism

In simlar types of experinments (Rogers et al. 1979), | ower-yi el ding
cows ( 10 kg mlk/day) were offered constant amounts of unw |ted pasture
silage (29 g Nkg DM. The mlk yield and mlk protein concentrations were
increased by abomasal infusions of casein in all experinents but not by iso-
energetic amounts of glucose. Infusions of casein (300 g/d) or methionine
(12 g/d) gave simlar responses suggesting that methionine was the first lim
iting amno acid. It appeared to be markedly deficient, i.e. mlk yield in-
creased by 1.1 kg/d and mlk protein content by 0.19% Smaller responses to
casein i nfusion were obtained in cows given simlar amounts of pasture (24 g
Nkg DM. The results indicate that mlk production of cows on these diets
was |imted by supply of amino acids _per se (rather than energy), and spec-
if ically methionine, to the small intestine. However, in other studies in-
fusion of nmethionine into the abomasum or intravenously, has given respon-
ses that were small or non-existent (see 0ldham 1980).

One point should be noted here. McCarthy et al. (1968) hypothesized
that nmethionine may have specific effects on |ipoprotein metabolismin the
liver. A deficiency might limt synthesis of |ipoproteins and reduce lipid



transport fromthe liver and thereby alter the partitioning of fat between
body tissues and m|Kk.

PARTI TTON OF ENERGY INTO M LK OR BODY Tl SSUES - HORMONAL EFFECTS

Differences between and within breeds in the relative amounts of
energy substrates directed towards the mammary gland or body tissues are
clearly genetic in origin. For exanple, Bines and Hart (1978) provide
conparative information on mlk yield and live weight change from O 12
weeks of lactation that exenplify the differences between Hereford cross
cattle (total mlk yield, 518 kg; weight change, +44 kg) and Friesian
cows of simlar weight at calving (1673 kg mlk; - 45 kg).

In non-rumnants insulin, glucagon, growth hornone (GH and various
gut hornones are all responsive to increased amno acid availability but
there is less information for rumnants (see Oldham 1980)

Mammary gl and devel opnent is essentially conplete at calving by which
time the maxinmum yield potential is already decided; the realized yield
therefore depends on the subsequent adequacy of supply of nutrients to the
gland fromthe diet and from nmobilization of tissue reserves. Hghly pur-
ified GH pronmotes nobilization of body fat and thus diverts absorbed energy
away from tissue synthesis (Bines and Hart 1978). Administration of GH to
heifers after calving increased mlk yield throughout |actation (Shaw 1955)
and daily subcutaneous injections of GH in cows, already producing in excess
of 30 litres mlk per day, increased yield. In beef cows GH |evels were rel-
atively low throughout |actation whereas, in high yielding cows, GH |evels
were much higher; also they were highest at the time of peak lactation and
declined as lactation continued (Hart et al. 1978).

Oldham and co-workers infused casein via the abomasumin lactating
goats and beef cattle and obtained increased in total yield, and in fat and
protein content of mlk, and also raised plasma GH |evels. In subsequent ex-
perinments, they found that GHE |evels were increased by feeding protected
casein t0 lactating dairy cows (see 0ldham 1980). Bassett (1975) has sugg-
ested that the amount of protein entering the intestines may affect the
| evel of insulin, whose effects are generally anabolic, although effects
differ between the manmary gland and other times. Insulin stinulates the
uptake and utilization of glucose by many peripheral tissues, inhibits
gl uconeogenesi s and glucose release fromthe liver, inhibits proteolysis
and increases uptake and incorporation of amno acids into protein, and it
inhibits lipolysis and stinulates |ipogenesis (Bassett 1975). If insulin
and GH levels were both stinulated by intestinal protein, then the catabolic
effects of higher GH levels, and the anabolic effect of higher insulin |ev-
el's, would be opposed. However, such an effect mght help to' explain the re-
sults of @rskov et al. (1977), who infused casein into the abomasum of cows
and obtained a lower nmlk yield, apparently as a result of reduced mobiliz-
ation of tissues.

Insulinis also inmportant in the control of gluconeogenesis, and Unger
(1971) has suggested that nolar ratios of insulin:glucagon may be nore inp-
ortant than absolute levels. Bassett (1975) argues that when there is an
energy deficit, the ratio is low and hepatic output of glucose is at a max-
i mum and utilization of glucose by peripheral tissues is at a mnimm and
vice versa. Qucagon may play a role in the control of lipolysis in rumn-
ant tissues (Bauman and Davis 1975). Cortisol secretion rate is higher in
lactating rumnants and increases with increases in rate of irreversible
| oss of glucose (Patterson and Linzell 1974).



The present state of know edge of the overall control of metabolism
in lactating cows is rather limted. It is likely that high levels of ca
and low levels of insulin are responsible for the partition of nutrients
towards the manmary gland in early lactation. After the peak in lactation
a reversal in the levels of these hornones may divert nutrients away from
the mammary gland and towards the tissues.

EFFECT OF DIET ON M LK YIELD AND COWPCSI TI ON
Energy Intake

MIk yield is affected principally by the availability of energy
fromthe diet (see Fig. 1), although obviously feed intake is itself det-
ermned by the diet through its effect on the balance between energy sub-
strates and protein (and other nutrients) that are absorbed (see Kempton
et al. 1978; Hennessy et al. 1983). The highest energy intakes are normally
achieved using energy-dense concentrates, and sonetines supplenentary |ipids.

Protein intake

Generally mlk production inproves with increases in the crude protein
content of the diet (see Chalupa 1983). However, the reasons are conmplex. In
nmost diets the crude protein consists of true protein and non-protein nitro-
gen (NPN). The NPN may contribute to the protein nutrition of the cow by
suppl yi ng anmoni a for rumen m cro-organi sns which can use it to synthesize
essential and non-essential amno acids for their own growth; these organ-

i sms subsequently provide a source of protein (amno acids) that can be ab-
sorbed and netabolized by the animal (see Leng and Nolan 1983). Responses
to increases in dietary crude protein content therefore can be for a nunber
of reasons:

a) The protein and NN nay provide the rumen organi sns with optinmum amounts
and types of nitrogenous nutrients, and fermentation rate and mcrobial pro-
tein supply fromthe rumen nay be increased;

b) associated with (a), there nmay be an inprovenent in digestibility of the
di et which makes nore energy nutrients (VFA and |ipids) and nore mcrobia
protein available to the aninmal (see Oldham 1983);

c) sone true protein may pass through the rumen without being fernented,
meking available more amino acids for absorption from the small intestine

d) additional ampunts of absorbed protein may promote higher mlk produc-
tion by

(i) providing essential amno acids for mlk protein synthesis

(ii) pronoting gluconeogenesis

(iii) increasing the available energy for tissue metabolism

(iv) altering the efficiency or pattern of use of absorbed nutrients
(v) stinmulating appetite and feed intake

Alterations in the pattern of use of absorbed nutrients may occur be-
cause of endocrine effects on lipid and glucose nmetabolism or by increa-
sing the rate of blood flow and thus nutrient supply to the mammary gl and
(Bines and Hart 1982; oldham 1983). There is considerable evidence that
provision of supplenents containing protected true protein may stinulate
feed intake and mlk yield-by 20%in grazing dairy cows on tropical pastures
even those containing up to 20% crude protein (e.g. Stobbs et al. 1977; :
Minson 1981)=-or increase milkyield by increasing efficiency of use of nutrients



in cows consumng constant anounts of high quality pasture in early lac-
tation (Rogers et al. 1980); see Table 1.

TABLE 1. Effect of fornaldehyde-treated and untreated casein suppl ements
(1 kg/d) on nmilk yield and conposition of grazing cows consum ng constant
amounts of high quality pasture in early lactation (data of Rogers et al. 1980)

Unsupplemented Casein Protected

casein
Total Dry Matter Intake (kg/d) 13.8 13.6 14.0
Pasture Dry Matter Intake (kg/d) 13.8 12.7 13.0
Dry Matter Digestibility 0.75 0.76 0.75
Milk Yield (kg/d) 16.12 16.6% 18.1P
Milk Fat (g/kg) 38.5 37.2 37.5
Milk Protein (g/kg) 31.3 31.7 32.3

a,b - values within the same line with different superscripts are sig-
nificantly different. (P£0.05).

Journet and Rempnd (1979) have enphasized that there is nornally a con-
siderable deficit in the availability of absorbed protein for mlk protein
synthesis, especially in early lactation. Some of this deficit can be net
by netabolism of tissue proteins, but extra protein is also required by
sone organs, e.g. the liver, for development at this time. However, these
studi es show that supplenmentary protein in early lactation increased mlk
yield by partitioning more energy towards mlk synthesis with the conse-
quence that there was increased weight |oss.

Wth immature green pastures, even of high crude protein content, there
is a potential for inadequacy of absorbed protein if the dietary protein is
extensively fermented in the rumen. For exanple, with sheep grazing phalaris,
clover and lucerne in the spring Pickering et al. (1982) found that 76-89%
of the dietary N was apparently degraded in the rumen. Cows given a basa
diet of silage of quite high crude protein content may also respond to in-
creases in the level of protein in the diet (Gordon 1980). The reason for
the response is probably the same as for immature pastures; the nitrogen-
ous materials may be extensively degraded in the rumen, |eaving little
dietary protein to pass undegraded into the small intestine

Excess protein intake

Consi derabl e information has recently become available indicating
that excess intakes of dietary crude protein may adversely affect mlk
production and fertility. The reasons may be that high rates of absorp-
tion of ammonia fromthe rumen produce biochem cal, endocrinol ogical and
tissue derangenents and/or that excess absorption of amino acids alters
the protein:energy bal ance producing a relative energy deficiency (see
Chal upa 1983).

Patterns of rumnal fernentation

The largest effect on the relative rates of secretion of mlk con-
stituents (mlk conposition) is caused by dietary supplementation with
lipids (Storry 1981). Also, although mlk fat content is relatively in-
sensitive to a wide range of diets, large decreases in fat may occur when
cows are offered cereal grains, high quality forage or other highly diges-
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tible diets. The "low fat syndrome" is reviewed by Davis and Brown (1970).
One reason for low fat mlk seens to be related to the nolar proportions of
VFA arising from fernentation in the rumen. MIk fat content decreases
quickly when the nmolar ratio of acetate plus butyrate:propionate falls
below 3.5. In conparison the effects of absorption of |onger-chain fatty
acidsyor starch that escapes into the small intestine to be absorbed as
glucose seemrelatively uninportant (0ldham and Sutton 1979). @rskov (1975)
and Sutton (1976) argue that decreases in the ratio are to be expected
when changes in the diet lead to rapid fernentation rates in the rumen,
possi bl e circumstances include: increases in feed intake; decreases in
frequency of feeding. However, increases in fat content only occur when
these circunstances are avoided, if also the diet contains at |east

smal | anmounts of |ong hay or roughage - although "roughage" is difficult
to define in this context. The inportance of fernentation patterns in the
rumen on milk conposition and the interactions between different feed com
ponents will be considered in nore detail elsewhere in the synposium
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