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Two studies were conducted on pregnant, non-lactating dairy cows to investigate the
metabolisable energy (ME) requirements for maintenance and the efficiency with which ME
is used for body weight (BW) gain. In the first experiment, 53 non-lactating, pregnant
Holstein-Friesian × Jersey cross dairy cows were fed one of three allowances [low: 7.5 kg,
medium: 10.1 kg, or high: 12.4 kg of dry matter (DM)/day] of freshly cut autumn pasture for
38 ± 2 days (mean ± SD) in individual stalls to allow the measurement of estimated DM and
ME intake daily. Animals were blocked by age (6 ± 2 years), day of gestation (208 ± 17
days), and BW (526 ± 55 kg). Cows on the low, medium, and high allowance treatments
consumed 7.5, 9.4, and 10.6 kg of DM/day, and BW gain, including the conceptus, was 0.2,
0.6, and 0.9 kg/day. The ME content of pasture was estimated by wet chemistry from in
vitro true digestibility and by near infrared spectroscopy. Total ME requirements for
maintenance, pregnancy, and limited activity were 1.07 MJ ME/kg of measured metabolic
BW/day. This is more than 45% higher than current recommendations. Differences may be
due to an underestimation of ME requirements for maintenance or pregnancy, an
overestimation of diet metabolisability, or a combination of these. Further research is
necessary to determine the reasons for the greater ME requirements measured in the present

study, but the results are important for on-farm decisions regarding feed allocation for nonlactating, pregnant dairy cows. In experiment 2, the amount of ME required for BW gain
from pasture and commonly used supplementary feeds was investigated to estimate the
efficiency with which ME is used for BW gain (kg). Control cows were offered autumn
pasture to estimated maintenance requirements (~0.55 MJ ME/kg BW0.75), with an
additional 20 MJ ME/d allocated for pregnancy and activity. All other cows received the
same allowance of autumn pasture (Past) and an additional allowance (2.5 or 5.0 kg
DM/day) of Past, spring pasture silage (Psil), maize silage (Msil), maize grain (Mgr), or
palm kernel expeller (PKE). Regression analyses on BW allowed the determination of ME
intake on BW gain for each feed; the kg was estimated from this, assuming each kg of BW
contained 25 MJ of net energy. The kg of Past and Msil were 0.34 and 0.47, consistent with
published literature and the kg of Psil (0.50) was in line with published values for spring
pasture. The greatest kg (0.61) was for PKE, possibly due to its high fibre and fat content,
and the fact that acetate and medium to long chained fatty acids are not substantially used
for conceptus metabolism. The kg for Mgr was low (0.38), possibly because the end products
of digestion of starch (i.e. propionate and the hepatic-derived glucose) are used
preferentially for conceptus metabolism and less for BW gain, or because the composition of
BW gain differed relative to the other treatments. Results confirm differences between feeds
in kg when pasture is the base diet, and provide important information for feed budgeting
and ration formulation in grazing systems.
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Chapter 1.

Introduction

New Zealand (NZ) is known world-wide for its seasonal calving, pasture-based farming
system. Throughout the last 25 years, in particular, the focus has shifted from sheep
farming to dairy farming, and the total number of dairy cows in NZ has doubled. (DairyNZ
and LIC, 2010; MAF, 2011). The predictions (MAF, 2011) are for a continual increase in
cow numbers (cows and heifers in calf or milk) until 2015, from ~4.6 million in 2010 to ~5
million in 2015. Today, the majority of dairy herds (77%) are located in the North Island,
with the greatest concentration in the Waikato and Taranaki (31 and 15% of all dairy
herds), respectively.
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One third (35%) of dairy cows are located in the South Island, where herd sizes are usually
greater (average of 565 cows/ herd); 65% of all dairy cows are in the North Island, where
the average herd size is smaller (319 cows/herd). The distribution (%) of dairy cows
around NZ is presented in Figure 1.
Although NZ is known for its pasture-based dairy farming systems, the use of other feeds
as supplements to pasture has become more common in recent years; in particular,
supplementary feeds are used to maintain or increase the cow’s body condition during
summer and during the non-lactating period. Maintenance energy requirements depend on
the size of the animal and are expressed as mega joules of metabolisable energy (MJ ME)
per kg metabolic body weight (BW0.75). Maintenance includes basic energy requirements,
which are usually determined in fasting heat production or slaughter studies (Moe and
Tyrrell, 1972), as well as requirements for basic activity and pregnancy; this is particularly
important during the cow’s last three months of gestation, when foetal growth and
conceptus metabolism increase dramatically.
Providing supplements during the non-lactating period is primarily for two reasons:
•

To slow the grazing rotation and increase average pasture cover before calving

•

To increase cow condition in anticipation of calving and the next lactation

In early lactation, energy requirements for milk production are too high for the cow to
achieve by intake alone; the animal, therefore, mobilises its body reserves to match the
missing energy needs. An optimal calving body condition score (BCS) of 5 – 5.5 has been
defined and is stressed in scientific and farming publications (for scientific review see
Roche et al., 2009a). Achieving these BCS targets is essential for milk production and
reproductive performance, and a good health status (Roche et al., 2009a); It is, therefore,
important to understand the efficiency with which feeds are used for maintenance and
BCS/ body weight (BW) gain in the non-lactating period to ensure that these targets are
met.

Chapter 2. Literature Review
This literature review discusses the importance of BCS for maintenance, production,
reproduction, and health and welfare. It then focusses on the breakdown of various diets
into the endproducts of ruminal digestion to better understand differences in energy
partitioning. This is important in understanding the effects of different feedstuff on
maintenance and BCS/ BW gain and the apparent differences in the efficiency of use of
metabolisable energy (ME) for productive and reproductive purposes.

2.1. Importance of body condition score
Body condition score at calving has a big effect on cow health and performance (Coppock
et al., 1974; Butler et al., 1981; Wright et al., 1992). The characteristics of body condition
as well as its influence on reproduction or milk production will be explained in the
following sections.

2.1.1. Defining body condition score
Body condition score is a subjective assessment of the cow’s subcutaneous body fat stores,
reflecting long term energy balance. Used by trained personnel it can be a good indicator
of the cow’s longer term nutritional status (Otto et al., 1991, Bewley and Schutz, 2008,
Roche et al., 2009a). According to Bewley and Schultz (2008), body condition scoring is
accepted as the most practical technique to measure changes in energy levels of cattle. It is
more effective than BW, because BCS can be used to compare the nutritional status of
different breeds and sizes of cows, as it evaluates condition irrespective of cow size.
There are several scoring systems used around the world, ranging from a 1-5 point scale in
the USA and Europe to a 1-10 point scale in NZ; all allocate low scores to thin cows and
high scores to fat cows (Roche et al., 2004). The relationship between different scales to
assess BCS is presented in Table 1. Because of the different scales, the BW associated
with a BCS unit differs with each system of scoring. For example, Otto et al. (1991)
reports a BW change of 56 kg for one BCS unit in the 1-5 BCS system; in New Zealand,
on average, one BCS unit is equivalent to 31 kg of BW change (Berry et al., 2006). The
NZ BCS system is used in this manuscript unless otherwise stated.

Lowman et al. (1973) was the first to introduce an official BCS system for dairy cows,
which was developed from an existing sheep scoring system. Body condition score is a
more accurate measure of the cow’s nutritional status than BW, as changes in
gastrointestinal fill can be misleading when using BW alone. This is particularly true
during early lactation, when the cow is losing condition while increasing feed intakes
(leading to underestimation of condition loss), and in late gestation, when the calf is
growing (potentially leading to overestimation of condition gain; NRC, 2001). Berry et al.
(2006) reported that differences in BW explain approximately 30% of the difference in
BCS in NZ. The recommended calving BCS in New Zealand (10-point scale) is 5.0 for
mature cows and 5.5 for first and second calvers (Macdonald and Roche, 2011).
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2.1.2. Importance of meeting body condition score targets
International research results indicate that BCS at calving and mating, and BCS loss postcalving are associated with important productivity factors such as milk production,
reproduction, and animal health (Butler et al., 1981; McCarthy et al., 2007, Roche et al.,
2009a). It, therefore, affects animal welfare and financial performance and, of increasing
importance, influences public perception. Thus, achieving and maintaining the optimal
BCS of a dairy cow around calving, mating, throughout lactation and during the nonlactating state is essential for sustainable dairy farming.
Maintenance of BW and BCS is not only dependent on nutritional factors (Roche et al.,
2009a), but is affected by management decisions, such as stocking rate (Macdonald et al.,
2008), parity, cow genetics, breed and even strain (Roche et al., 2006, McCarthy et al.,
2007, Macdonald et al., 2008). For example, North American and European HolsteinFriesian strains are likely to lose more condition due to greater body tissue mobilisation in
early lactation and the failure to replace lost BCS throughout the rest of the milking season
(Holmes and Roche, 2007).
2.1.2.1.

Reproductive performance

The reproductive performance of a cow is determined by many things; however, two main
factors are the length of the anoestrous interval post-calving and the time from first
insemination to conception. Genetic correlations between BCS and fertility are recognized
(Veerkamp et al., 2001; Friggens et al., 2003), and research results globally agree that BCS
and energy balance have a big influence on a cow’s reproductive performance (Roche et
al., 2009a).
Because high-producing dairy cows in early lactation cannot provide all their energy
requirements for lactation by increasing dry matter intake (DMI) alone, body condition is
mobilized to support milk production. Cows consequently have a phase of negative energy
balance, which has negative effects on reproductive functions, such as the post-calving
anoestrus interval and the time from first insemination to conception (Coppock et al.,
1974, Butler and Smith, 1989, Roche et al., 2009a).
Butler et al. (1981) reported an increase in days to first ovulation with decreasing energy
balance during the first 20 days after calving. This relationship is displayed in Figure 2 and

suggests an increase of ~2.7 days to ovulation with each additional Mega calorie (Mcal; 1
Mcal = 4.186 MJ) per day of negative energy balance.
Butler et al. (1981) also reported that cows with excessive body tissue mobilisation were
more likely to develop fatty liver disease (63% of those cows) and these cows had a 33day longer average inter-calving interval than cows without fatty liver (Butler et al., 1981,
Butler and Smith, 1989). Butler and Smith (1989) related this to a decreased conception
rate and a delay in the start of the oestrus cycle post-partum.
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Wright et al. (1992) also stated that thin cows pre-calving had a delayed post-calving
oestrus cycle. They compared reproductive function in thin cows (BCS 3.5) with
reproductive performance of cows at a BCS of 5.5. They also fed two different amounts of
energy to each group after calving. Results suggested that thin cows on low energy diets
after calving have a longer anoestrus period compared with thin cows fed sufficiently (116
vs. 89 days; P < 0.001). Additionally, Wright et al. (1992) reported lower luteinising
hormone pulse frequencies and amplitudes in thin cows compared with cows in sufficient
body condition. These results indicate that both BCS at calving and energy/ feeding level
after calving affect the post-partum anoestrus interval. Burke and Roche (2007) did not
confirm such an effect of post-partum feeding level, but other studies confirmed a

reduction of the anoestrus interval by 5.7 days for each additional BCS unit (8-point scale,
AUS = 2.2 + 0.54 * NZ BCS, Roche et al., 2004) at calving (Grainger et al., 1982) or a
negative effect on reproductive response measures such as planed start of mating or time to
first service (Roche et al., 2007a).
An example of the relationship between BCS and days to first oestrus is presented in
Figure 3. Figure 3 also indicates that fat cows have reduced reproductive function,
including retained membranes, metritis, slow uterine involution, and delayed conception
(Morrow, 1976, Butler and Smith, 1989). It is, therefore, important to maintain the advised
BCS of 5 for mature cows, and 5.5 for first and second calvers to have cows cycle and
conceive early after calving. This is essential to maintain the necessary 365-day intercalving interval (Stockdale, 2001; Roche et al., 2009a), particularly in seasonal calving
dairy systems.
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Some genetic evaluations even include BCS as an indicator trait for fertility (Bewley and
Schutz, 2008). Any losses in fertility rate in the herd can also be compounded by losses in
other production traits, such as lifetime milk production.

2.1.2.2.

Milk production

Most studies report a positive effect of body condition and energy balance around calving
on the cow’s subsequent milk production performance (e.g. Broster and Broster, 1998),
although others indicate that there is no obvious relationship (Mudford et al., 1997,
Stockdale, 2000). The reasons for these variations in the responses may be related to cow
genetics, post-partum nutrition, or possibly differences in BCS methodology in the
experiments in question.
Body condition at calving and the change in BCS after calving are positively associated
with peak milk production and milk yield (Roche et al., 2007b). Waltner et al. (1993), for
example, reported a 322 kg increase in milk production in cows that were 90 days in milk,
when condition was increased from BCS 3 to 4, and Roche et al. (2007b) reported a
positive correlation of milk fat percentage over 60 and 270 days in milk with increasing
BCS at calving.
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Grainger et al. (1982) reported an increase in milk fat production and milk fat
concentration (Figure 4) with increased BCS at calving in grazing, but not in total mixed
ration (TMR)-fed cows. He also reported that the higher the feed allowance per day, the
greater the difference in production. At feeding levels of 11 kg dry matter (DM)/day, for

example, the differences between BCS of 3 and 6 during weeks 0 to 20 after calving were
as follows: Milk yield increased from 2000 kg to 2500 kg, fat yield increased from 85 kg
to 110 kg, protein yield increased from 70 kg to 85 kg. Thomson et al. (2002) measured
differences in milk fat quality associated with body condition. The milk fat was softer and
higher in unsaturated fatty acids in cows with better condition, which resulted in more
desirable milk fat composition.
The relationship between milk fat concentration and BCS at calving is presented in Figure
4. Cows on pasture-based diets (applicable to NZ system) have greater milk fat
concentrations with increasing BCS (Stockdale, 2001; Roche et al., 2007b), but milk fat
concentration in TMR-fed cows was not similarly affected by BCS (Stockdale, 2001).
However, the payment for milk in NZ is based on milk fat and protein, and the amount of
fat produced per kg of milk influences the farmer’s income. On a whole, the majority of
research evidence (Grainger et al., 1982; Garnsworthy and Jones, 1987; Broster and
Broster, 1998) support the need to achieve the right BCS at calving in the NZ system for
increasing profitable production.
2.1.2.3.

Health, welfare and public perception

Body condition not only affects production factors, but is also an important issue around
animal welfare. Although there is little research published about the relationship between
BCS and cow welfare, the public perceives thin (< BCS 3.5) cows as a welfare concern
and sees those animals to be compromised in their health and wellbeing (Bewley and
Schutz, 2008; Roche et al., 2009a): a cow with low BCS is believed to feel hungry, tired
and sick (Roche et al., 2009a). Aside from the public perception of body condition, the
“five freedoms” of animal welfare claim that the animal has to be free from hunger,
discomfort and inadequate shelter. These freedoms are requirements under the animal
welfare act from 1999. For more details on these matters, please refer to the Dairy Cattle
Code of Welfare (2010). Green and Mellor (2011) also highlighted the importance of
satiety, which implies proper feeding management and sufficient BCS to animal welfare.
The relationship between health factors and BCS is not straight forward, but research
suggests that BCS may indeed influence the health status of the cow. For example, there
have been reports about a greater risk of mastitis in younger, thin cows (Roche et al.,
2009a), or a greater likelihood of suffering milk fever in cows below a BCS of 3 and above

a BCS of 6 (Roche and Berry, 2006). Moreover, Butler and Smith (1989) associated
uterine infection with both pre-calving and early lactation BCS loss.
Body condition score is an indication of the amount of body fat that a cow possesses, and
it functions as the main storage of energy for the body (Bell, 1995; Roche et al., 2009a).
Where cows have to deal with very low temperatures, body fat, additional to their coat,
provides a cover against heat loss and keeps the animal warm. Verkerk et al. (2006)
reported that cows with lower BCS have to burn more energy to sustain their body
temperature. This would mean that thin cows not only have less cover to counteract heat
loss, but they also have to use up more of their body fat to maintain their body temperature
(compared with fatter cows). This is particularly important for colder NZ regions, such as
Southland, where cows can be subjected to more extreme weather conditions throughout
the winter months. Achieving the appropriate BCS at calving is, therefore, essential. To do
this, it is important that the cow’s energy needs are met at key times, including during the
non-lactating period. During this time, it is common to use supplementary feeds in
addition to pasture, to help gain and maintain BW to achieve the correct BCS at calving.

2.2. Energy
2.2.1. Partitioning of energy
To maintain and gain body condition, the organism needs energy, and the rates of
lipogenesis and lipolysis, and gluconeogenesis and glycolysis relate back to the energy
value of the particular diet.
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Not all energy from consumed food is used for maintenance or weight gain. Figure 5
represents the partitioning of energy from feed. Gross energy (GE) represents the total
energy contained in feed, while digestible energy (DE) is the energy left after accounting
for energy lost in faeces.
The main description of the energy value of feeds for ruminants is ME; this was defined by
Blaxter (1956) and represents the amount of energy from feed available for the body
tissues (CSIRO, 2007); It is the amount of energy left after subtracting faecal, urinary, and
methane energy from GE. The efficiency with which ME is used by the animal is less than

100%, due to heat production from ruminal fermentation or during metabolic processes in
body tissues associated with maintenance, pregnancy, and production (CSIRO, 2007). The
remaining energy is called net energy (NE), and can be used for maintenance (NEM),
growth/ weight gain (NEG), milk production (NEL), pregnancy (NEP) etc. (CSIRO, 2007).
The use of this energy is further explained in the following sections.
Two important mechanisms that regulate energy storage and release are homeorhesis and
homeostasis. In mature cows, dietary energy is stored as adipose (fat) tissue in times of
positive energy balance. This tissue is broken down to provide energy, when the animal is
in negative energy balance. Homeorhesis and homeostasis, as well as lipid metabolism are
further explained in the following sections.

2.2.2. Homeorhesis and homeostasis
Homeorhesis and homeostasis are two concepts explaining lipolysis and lipogenesis.
Homeorhetic and homeostatic controls interact continuously to ensure regulation of
nutrient partitioning and energy metabolism (Bauman and Currie, 1980). Homeorhesis and
homeostasis are important for the distribution of nutrients to the body tissues (Bauman and
Currie, 1980). Lactation, being highly dependent on sufficient nutrient supply, can be used
as an example of a process controlled by homeorhesis and homeostasis (Bauman and
Currie, 1980).
2.2.2.1.

Homeorhesis

Bauman and Currie (1980) discussed the concept of homeorhesis. They defined
homeorhesis as “orchestrated changes for the priorities of a physiological state, i.e.
coordination of metabolism in various tissues to support a physiological state”. Patel et al.
(2011) describes it as “coordinated changes in metabolism of body tissue necessary to
support a (dominant) developmental or physiological process”. Homeorhesis often works
against homeostatic controls by uncoupling metabolic processes to provide for a specific
event (e.g. signals transmitted by the foetus during pregnancy that trigger homeorhetic
controls to prioritise nutrient partitioning towards calf growth; Bell, 1995); other examples
include the start of lactation, wherein the metabolism of many organs are altered to supply
the mammary gland with sufficient nutrients for milk synthesis, or partitioning nutrients to
muscle cells during growth (Bauman and Currie, 1980). An example of homeorhesis

reported by Bell et al. (1987) was the increased rate of muscle gain and decreased rate of
lipogenesis due to administration of GH.
2.2.2.2.

Homeostasis

Bauman and Currie (1980) defined homeostasis as the “maintenance of physiological
equilibrium, i.e. constant conditions in the internal environment”. One example of this
would be the maintenance of a constant body temperature or, in a more metabolic
direction, the control of constant glucose concentrations in blood by regulating glucagon
and insulin, which trigger the increase or decrease of blood glucose concentrations,
respectively (Bell, 1995; Roche et al., 2009a). Homeostasis is also involved in the
regulation of nutrient (e.g. fat) storage and its release to maintain a constant nutrient
supply. Homeostasis should, therefore, be regarded as an important factor in fat
metabolism.

2.2.3. Fat metabolism
Body condition is strongly correlated with subcutaneous adipose tissue stores (Roche et
al., 2009a). Lipids are stored as triacylglycerides (TAG) in fat cells (adipocytes) of the
adipose tissue (AT). Triglycerides are made up of a glycerol backbone and three fatty
acids (FA; Figure 6).
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In times of positive energy balance, FA can be synthesised in the liver and transported as
TAG via very low density lipoproteins to the AT, or synthesised within the adipocyte and
stored as TAG, both resulting in BW gain. During negative energy balance, or feed
shortage, those lipid stores can be re-mobilised and used as an energy source resulting in
BW loss (Bauman, 1976; Bauman and Currie, 1980; Roche et al., 2009a).
Acute changes in fat metabolism (i.e. response to energy surplus or energy deficit) are
regulated by homeostatic mechanisms involving the secretion of hormones to maintain a
steady state of circulating nutrients (homeostasis). At key times, however, metabolism of
adipose stores also occurs through orchestrated changes in hormonal balance (e.g. in
response to a change in physiological state; homeorhesis).
The following section describes the processes of lipolysis and lipogenesis, and their
regulatory mechanisms. Progress in molecular genetics in recent years, has expanded our
understanding of the factors regulating these important biological processes.
2.2.3.1.

Lipolysis

Throughout the year, the cow undergoes periods of negative energy balance, with the most
significant being immediately post-partum. The severity and duration of this negative
energy balance can influence the development of metabolic disorders (e.g. milk fever,
ketosis). To survive and to maintain milk production, homeorhetic and homeostatic
changes are required. The cow starts losing condition as a result of lipolytic responses to
the increased energy demand. Lipolysis is the mobilisation of FA from the AT stores for
energy. Lipolysis is the hydrolysis of TAG to non-esterified fatty acids (NEFA) under the
influence of hormone-sensitive lipase (HSL) and its cofactor perilipin (Bauman and
Currie, 1980; Chilliard, 1993; Chilliard et al., 2000; Roche et al., 2009a).
Lipids are stored as TAG in the lipid droplet of the adipocyte (Chilliard, 1993). They are
surrounded by the protein perilipin, which prevents lipid mobilisation by restricting access
to the lipid droplet (Figure 7; Chilliard, 1993; Chilliard et al., 2000; Nelson and Cox,
2005).
In times of negative energy balance, the hormones adrenaline and glucagon signal the need
for energy and activate the enzyme adenyl cyclase, which is located in the plasma of the
adipocyte. Adenyl cyclase enhances the production of messenger cyclic adenosine mono-

phosphate (cAMP). cAMP-dependent protein kinase (PKA) activates perilipin via
phosphorylation and removes it from the surface of the lipid droplet (Figure 7; Chilliard,
1993; Yeaman, 2004). This triggers HSL to move to the lipid droplet surface and
hydrolyse TAG into free FA (i.e. NEFA) and glycerol by removing the FA from the
glycerol backbone (Sumner and McNamara, 2007). Non-esterified FA and glycerol are
then released into the blood stream. In the blood, NEFA bind to Albumin and are carried to
target tissues, such as muscle or mammary gland (Nelson and Cox, 2005).
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Using the start of lactation as an example, homeorhetic factors such as elevated adrenaline
and growth hormone result in BCS loss, because growth hormone increases the lipolytic
response to adrenaline and other adrenergic agents (e.g. for milk fat production; Bell,
1995; Lanna and Bauman, 1999). Triacylglycerides stored in the AT are hydrolysed to
NEFA and released into the blood, where they are transported to peripheral tissue and the
mammary gland.
Figure 8 depicts the lipolytic processes during the transition period. Growth hormone
stimulates adrenaline (= EPI) expression towards TG (= TAG) hydrolysis to NEFA. Those
NEFA are either absorbed directly by the mammary gland or taken up by the liver and
oxidised for energy, thereby sparing glucose. Both happen in favour of milk production.
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Lipogenesis and de novo fatty acid synthesis

In lactating cows, lipogenesis mainly occurs at the end of lactation or in the early dry
period, when the animals are in a positive energy balance, with the consequence of BW
and BCS gain. Lipids for storage can either be synthesised de novo from short chain FA or
from FA from the diet that are taken up from the bloodstream via the enzyme lipoprotein
lipase (LPL; Bauman and Currie, 1980; Holmes et al., 2002; Roche et al., 2009a).
2.2.3.2.1.

De novo fatty acid synthesis

In ruminants, the predominant precursor for de novo FA synthesis is acetate derived from
the rumen. Insulin up-regulates acetyl-coenzyme A (Acetyl-CoA) carboxylase and FA
synthase, which are key enzymes for lipogenesis (Bell, 1995; Nelson and Cox, 2005;
Kirchgessner et al., 2008). Compared with monogastric animals, who primarily use
glucose for fat synthesis (Nelson and Cox, 2005), ruminants use acetate and butyrate.
These are short chain volatile fatty acids (VFA) obtained from the rumen. The primers for
lipid synthesis, acetyl-CoA and butyryl-CoA, are derived from acetate and betahydroxybutyrate (BHBA; Bauman and Currie, 1980).

In a first step, two units of acetyl-CoA are synthesised to malonyl-CoA, with acetyl-CoA
carboxylase as the catalyst. Fatty acid synthase then adds another acetyl-CoA by
condensing it with malonyl-CoA to butyryl-CoA (Cole et al., 2010). This process is
repeated several times until the formation of palmitoyl-CoA (C16; Bell, 1995, Nelson and
Cox, 2005). In the next step, palmitoyl-CoA, and other formed FA (C18, C14), are esterified
to TG by adding them onto a glycerol backbone (Bauman, 1976; Bauman and Currie,
1980; Chilliard, 1993).
Insulin is a homeostatic hormone that is highly involved in the regulation of lipogenesis. It
works against the effects of growth hormone by increasing the abundance of growth
hormone-receptor abundance, thereby inhibiting the mobilisation of fat tissue as an energy
source. Insulin also triggers glucose uptake into the AT (in monogastric animals) and
reduces NEFA output by re-esterification of FA in the adipocyte (Bell et al., 1987; Nelson
and Cox, 2005).
During late gestation and early lactation, the responsiveness of AT to insulin is decreased
and gluconeogenesis is increased, even in times of energy shortage (Bell and Bauman,
1997), because the tissue expression of GLUT4 (glucose transporter 4) is decreased.
GLUT4 is an insulin-responsive glucose transporter facilitating glucose uptake into
adipose (and muscle) tissue, when insulin levels in the blood are high. The main role of
insulin in adipose tissue is to facilitate lipogenesis and suppress lipolysis (Schoenberg and
Overton, 2010). In the case of insulin resistance, the expression of GLUT4 in adipose
tissue is decreased (Bell and Baumann, 1997). Kahn (1978) defines insulin resistance in
ruminants as either decreased tissue sensitivity to or decreased responsiveness of insulin to
glucose, or a combination of both. It is facilitated by pregnancy-specific influences, which,
at the same time, increase the response to adrenergic stimuli such as adrenaline (Robinson
et al., 1999). This results in reduced utilization of glucose by fat and muscle tissue (hence,
reduced lipogenesis), a net increase of body fat mobilization, and increased plasma NEFA
concentrations (Schoenberg and Overton, 2010). Robinson et al. (1999) also reported an
additional increase in gluconeogenesis in the liver. These processes are normal in late
pregnancy and early lactation, and are aimed to direct glycogenic energy toward the gravid
uterus/ conceptus and the udder for milk production (Bell and Bauman, 1997).
Consequently, cows with greater “insulin resistance” tend to produce more milk (Roche et
al., 2006), but also lose more condition. The effect of insulin resistance on fat metabolism

is defined by Petterson et al. (1994) as the “decreased insulin responsiveness of lipolysis
and NEFA mobilisation”.
2.2.3.2.2.

Transport and uptake of preformed fatty acids from the diet

The body can also accumulate lipids via the uptake of dietary, preformed FA from the
blood stream. Intestinal lipases degrade TAG to monoacylglycerol, diacylglycerol, VFA
and glycerol, which diffuse into the epithelial cells where they are re-synthesised into
TAG. Apolipoproteins bind TAG and phospholipids into very low density lipoproteins and
chylomicrons to allow transport through the blood to the AT (Nelson and Cox, 2005).
Apolipoproteins activate lipoprotein lipase, which sits in the capillaries of the AT.
Lipoprotein lipase hydrolyses TAG into FA and glycerol, which are absorbed by the
adipocyte. In the adipocyte, FA are re-esterified into TAG for storage (Bauman, 1976;
Nelson and Cox, 2005). The profile of preformed FA entering the blood stream of the
dairy cow is dependent on the nutritional composition of the diet, as forages and
concentrates possess their own unique FA profiles available for rumen biohydrogenation
prior to absorption. However, all three FA (acetate, butyrate and propionate) are important
sources of energy for the cow.

2.2.4. Digestion/ fermentation - Endproducts of ruminal digestion
2.2.4.1.

Volatile fatty acid metabolism in the ruminant

In ruminants, the major source of absorbed energy is not glucose, but VFA (primarily
acetate, propionate, and butyrate). The rate of absorption of VFA is associated with diet
composition and DMI (Huntington, 1983; Huntington and Prior, 1983). The composition
of VFA in the rumen as well as the VFA concentration in portal blood can be altered by
changing the forage to concentrate ratio in the diet. Although there are few studies
comparing ruminal VFA production rates with the net flux into the portal vein, results are
consistent with in vitro studies indicating extensive metabolism of all acids (except for
acetate, which is limited) during absorption across the gut wall (Huntington and Prior,
1983; Huntington and Reynolds, 1983). The values for ruminal VFA concentration,
therefore, need to be considered carefully, as some part may be used prior to absorption
into the portal vein, and microbial fermentation of residual carbohydrates in the end of the
gastro-intestinal tract may also contribute VFA to the portal vein (Degregorio et al., 1984;
Owens et al., 1986).

The important VFA, acetate, propionate and butyrate are metabolised and used differently:
Acetate is primarily produced to provide direct energy for the animal (i.e. used up in the
citric acid cycle). Butyrate is extensively metabolised in the gut epithelial cells to BHBA,
CO2 and energy, and propionate also contributes to the energy supply through
gluconeogenesis in the liver, but also to lactate (absorbed in the small intestine) and CO2
formation (Bergman, 1990; Britton and Krehbiel, 1993). Harmon et al. (1988) stated that
the proportion of rumen VFA that appear in the portal vein was 69, 49, and 8% for acetate,
propionate, and butyrate, respectively. The production rates calculated from Huntington
and Reynolds (1983), however, reveal different amounts (43, 40, and 60%, respectively).
This variation highlights the difficulty in determining the exact production rates of VFA;
however, considering that the latter numbers are calculated, and bearing in mind that
butyrate is preferentially metabolised in the rumen wall (Seal and Parker, 2000), the results
from Harmon et al. (1988) appear more plausible. Nevertheless both datasets acknowledge
extensive metabolism of rumen VFA during absorption.

2.2.4.2.

Gluconeogenesis

Glucose is not only the principle source of energy for the brain, it also acts as a precursor
for glycerol (which is important in fat synthesis) and lactose in milk, and as a reducing
agent in the breakdown of fats. Glucose is also a key component in the formation of
muscle glycogen, which is used as an anaerobic energy source during exercise (Reece,
2009).

" > C 8
- :
8.

. ,-

:
* .

7

8
*

7
8

$
8

* !!"+ B
. *
8

-

*

. $
7

+

Due to rumen fermentation, most ingested carbohydrates, including cellulose, are
fermented to VFA (Holmes et al., 2002); however, ruminants still require glucose as the
main energy source for the brain and for lactose synthesis; the organism is, therefore,
required to produce glucose de novo, from non-sugar sources. This process is called
gluconeogenesis (Reece, 2009) and, in ruminants, it occurs primarily (85%) in the liver.
Although all VFA can supply energy, only propionate can be used for gluconeogenesis.

Other precursors are glycerol, lactate and amino acids, the carbon shell of which can be
used for gluconeogenesis. According to Reece (2009), 70% of glucose and glycogen in the
ruminant is made from propionate. This highlights the importance of this particular VFA.
The major metabolic pathways in the liver of a ruminant are presented in Figure 9.
Ultimately, energy in the form of adenosine tri-phosphate (ATP) can be gained not only
through glucose metabolism, but also from metabolism of FA derived from acetate and
butyrate, as well as from the metabolism of post-ruminally absorbed dietary fats and
proteins.
2.2.4.3.

Energy production

There are two main steps in energy production in ruminants. Firstly, the conversion of
nutrients (protein, fat, carbohydrate) to acetyl-CoA, and secondly, the oxidation of these
components within the citric acid cycle (Figure 10).
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Acetate and butyrate are not glycogenic, and can only enter the citric acid cycle in the form
of acetyl-CoA, provided there is sufficient oxaloacetate available to enable the
condensation of acetyl-CoA to citrate (Reece, 2009). Propionate can be glycogenic or enter
the citric acid cycle. It also contributes to the condensation of acetyl-CoA from the two
other VFA to citrate by being involved in the production of oxaloacetate.
The net energy gains from acetate, propionate, and butyrate are different: net yield per
mole of acetate is 10 moles of ATP, butyrate and propionate provide net yields of 25 and
17 moles of ATP, respectively (McDonald et al., 1981). In case of insufficient oxaloacetate
or excessive acetyl-CoA production (this can happen in times of feed shortage, when
excessive body fat is mobilised), Ketone bodies are produced. Acetyl-CoA accumulates as
acetoacetyl-CoA, which is then degraded into acetoacetate, BHBA, and acetone. This
clinical state is called ketosis. However, in most circumstances ketosis can be avoided, if
proper care is taken to ensure BW and BCS targets are met while accomplishing
nutritional requirements.

2.2.5. Energy requirements
The maintenance and gain of BW/ BCS is influenced by stage of pregnancy and lactation,
the efficiency with which ingested dietary energy is used, and the amount of energy stores
within the body (Bell, 1995); these factors are further explained in the following sections.
2.2.5.1.

Maintenance

Maintenance energy is the amount of energy that the animal needs to maintain
homeothermy and other vital body functions, as well as the energy associated with feeding
(CSIRO, 2007). When fed to maintenance, the cow receives that amount of energy that
results in zero energy balance; hence, no net energy gain or loss from body tissues. These
body tissues are the fat stores and muscles (‘protein stores’) in the body. The amount of
energy stored in an equivalent amount of fat or muscle tissue is different, which results in
differing energy requirements to maintain or gain either tissue.
Since the calorimetry experiments in the 1960s, many research results have been published
on maintenance requirements of dairy cows (Table 2). Moe et al. (1970) proposed
maintenance requirements of 0.42 MJ ME/kg BW0.75, derived from fasting heat production
(FHP) studies. This is similar to values published by the ARC (1980), NRC (2001), van Es
(1967), and Webster (1974). Birnie et al. (2000) stated greater requirements, with average

FHP values of 0.41 MJ NE/kg BW0.75. Assuming an efficiency of use of energy for
maintenance of 0.75 this would result in 0.51 MJ ME/kg BW0.75. This value is supported
by Holmes et al. (2002), and Nicol and Brookes (2007), who suggest similar energy values
(Table 2). However, Birnie et al. (2000) also reported different energy expenditures with
differing BCS. Thin cows (< BCS 2; 5-point scale) had a FHP of 0.46 MJ NE/kg BW0.75,
fat cows (> BCS 4.5; 5-point scale) had a FHP of 0.36 MJ NE/kg BW0.75. These BCS
values can be converted with the equation proposed by Roche et al. (2004; NZ = (IRE –
0.81)/0.4), and result in BCS 3.0 for the thin group, and BCS 9.2 for the obese group. Even
though a BCS of 9.2 seems extremely high, the cows in Birnie’s study were non-lactating
and not pregnant, which would have resulted in extreme BW gain, when fed ad libitum.
The difference in energy requirements is probably due the greater energy requirements
needed to stay warm, and/or to a greater protein to fat ratio in the body tissue of thin cows.
This would result in greater energy expenditure in thin animals, as the maintenance of
body protein requires more energy than the maintenance of body fat (Birnie et al., 2000).
Their results indicate that FHP can differ among animals, depending on their current
nutritional status/ energy balance, but they also suggest that prior level of feeding and feed
type may play important roles in determining FHP, as these factors can affect the ratio of
gut tissue to total body mass, and gut tissue activity (Birnie et al., 2000).
2.2.5.1.1.

Cow genetics

Genetic merit may be another contributor to differences in reported maintenance
requirements, as improvements in genetic merit towards milk production have likely
influenced organ size and tissue metabolic rate. This is supported by Ferrell and Jenkins
(1984) and Garret (1971), who reported greater maintenance energy requirements in cows
with greater potential for milk production.
Consistent with this, results from a study by Yan et al. (1997a) indicated requirements of
0.60 MJ ME/kg BW0.75, about 10% greater than the values proposed by Birnie et al.
(2000), Holmes et al. (2002), and NRC (2001), and about 43% greater than suggested by
Moe et al. (1970).
2.2.5.1.2.

Maintenance in grazing systems

Different to earlier calorimetry experiments (Moe et al., 1971; Moe and Tyrrell, 1972;
Moe, 1981) and slaughter studies (Webster et al., 1974), Roche et al. (2005), and Holmes
and Grainger (1982) conducted grazing experiments estimating herd intake by measuring

pre- and post-grazing pasture residuals, and estimating maintenance as the energy (ME)
required for zero BW and BCS change of the cow. In two experiments, Holmes and
Grainger (1982) obtained requirements of 0.71 to 1.02 MJ ME/kg BW0.75, respectively,
and Roche et al. (2005) reported energy requirements of 1.05 MJ ME/kg BW0.75. These
values are much greater than previous studies suggested, and could indicate a greater need
for energy in grazing systems. However, even though these results suggest increased
requirements for maintenance (zero energy balance), the estimation of DMI on a herd
basis, and using grazing residuals as the factor to determine intake, add some limitation to
the maintenance calculations in these studies.
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Comments

van Es and Nijkamp

1967

Energy requirements
per cow
(MJ ME/kg BW0.75)
0.44

Moe et al.
Webster et al.

1970
1974

0.42
0.44

steers

ARC

1980

0.45

heifers and castrates

Holmes & Grainger
Holmes & Grainger

1982
1982

0.74
1.02

grazing cows
grazing cows

NRC

1984

0.43

MAFF

1984

0.47

Grainger et al.

1985

0.80

Yan et al.

1997b

0.60

Yan et al.

1997a

0.67

dry and late lactation, non-pregnant cows;
FHP = 0.453 MJ/kg BW0.75
lactating cows

Birnie et al.

2000

0.51

Dry, non-pregnant cows

NRC

2001

0.54

Agnew and Newbold

Dry cows (unpublished)

0.63

lactating cows
grazing cows

Roche et al.

2005

1.05

Ellis et al.

2006

0.42

Holmes et al.

2002

0.55

Nicol & Brookes

2007

0.58

CSIRO

2007

0.54

dry, non-lactating cow

-

2.2.5.1.3.

Efficiency of use of energy for maintenance

The efficiency with which energy is used for maintenance in dairy cattle is not 1.0 (ARC,
1980; CSIRO, 2007). To obtain the maintenance ME required, the NE for maintenance
needs to be adjusted (MJ ME = MJ NE/ the efficiency of conversion of NE to ME). The
efficiency with which energy is used for maintenance (km) depends on various factors,
such as the energy content of the diet (Reynolds et al., 1991): the greater the energy of the
feed, the less feed needs to be ingested, and, consequently, less energy is lost through
muscular work in the intestinal tract and as fermentation heat (Reynolds et al., 1991).
Efficiency of maintenance has been calculated as
km = 0.02 MJ ME/ kg DM + 0.5 (CSIRO, 2007)
Pasture with an average ME of 11.5 MJ would, therefore, have a km of 0.73.
2.2.5.2.

Activity

Depending on the type of dairy system, the energy costs for activity can vary; this is
particularly true, when comparing the TMR system with pasture-based grazing systems.
Equations, for example, need to take into account horizontal and vertical km walked. The
cost of activity can be calculated as 0.0037 MJ ME/ kg BW per horizontal km walked, and
needs to be added to the ME used for maintenance (Nicol and Brookes, 2007). This
equation is greater than the one proposed by the NRC (2001; 0.0025 MJ ME/kg BW per
horizontal km walked) and CSIRO (2007; 0.0026 MJ ME/kg BW).
2.2.5.3.

Pregnancy

The energy cost for pregnancy depends on factors such as day of gestation (DOG) and calf
birth weight (CBW), and can be calculated as
MJ ME/day = ((0.00159 x DOG2 - 0.0352 x DOG - 35.4) x 4.186 x (CBW/46))/0.14
This is derived from the equation of Bell et al. (1995) for gravid uterus energy
requirements. A value of 0.12 to 0.14 is commonly accepted (ARC, 1980; Ferrell et al.,
1976; Moe et al., 1970) as the factor to convert pregnancy energy from ME to NE
(efficiency of use of ME for pregnancy; kp), although there is evidence that this is affected
by feed type (Blaxter et al., 1971; Moorby, 2008). A list of references on pregnancy energy
requirements is given in Table 3.
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Weeks before calving
12

8

6

4

2

Term

ARC

1980

8.6

14.9

NA

25.9

NA

45

Bell et al.

1995

15

18

19

20

21

22

NRC

2001

16

18

19

21

22

23

Nicol and Brookes

2007

9

15

20

26

34

45

CSIRO

2007

8.2

14.2

NA

24.7

NA

42.9

Although activity and pregnancy are often calculated separately to basic maintenance
energy requirements, in reality all three values should be summarised to attain “real-lifemaintenance”, because, in a farming situation, heat production, activity and pregnancy
requirements cannot be separated.
Furthermore, there is evidence that type of feed can affect the efficiency of use of energy.
This is an important factor given that pasture can vary in quality, and supplementary
feeding in pasture-based systems has become an integral part during key periods of the
season.
Additionally, keeping non-pregnant carry-over cows for the following season is not
common, particularly not in countries with seasonal calving farming systems, such as NZ.
Activity and pregnancy should, therefore, be included in the energy requirement
calculations for zero energy balance of the dam.
2.2.5.4.

Milk production

The net energy requirements for milk production are expressed as NEL. There are several
equations to calculate NEL (Perrin, 1958; Tyrell and Reid, 1965; Clarke and Moate, 1988).
Crovetto and van der Honing (1984) stated the results of a regression equation derived
from 612 milk samples from Jersey and Friesian cows and came up with a value (the best
fit) of 3.054 MJ NE/kg of fat-corrected milk (with 4% fat).
The efficiency of use of energy for milk production (kl) varies with the ME concentration
of the diet (CSIRO, 2007). CSIRO (2007) adopted the equation from ARC (1980) as
kl = 0.02 MJ ME/kg DM + 0.4

This would result in a kl of 0.63 for cows fed fresh pasture, assuming a pasture ME of 11.5
MJ/kg DM. This value is similar to the value reported in NRC (2001; 0.60). The efficiency
of use of energy for milk production is not thought to be affected by time of year (autumn
or spring pasture; CSIRO, 2007).
2.2.5.5.

Live weight gain and loss

Body weight is one factor to indicate changes in the nutritional status of the cow.
However, due to differences in animal size, BW can only be used as an indicator, when
taken continuously to detect positive or negative changes in BW for the particular animal
(gain or loss). Even then, factors such as gut fill can add some variation and inaccuracy to
the values. A more stable measure for nutritional status of the cow is BCS, as individual
size/ weight differences and gut fill are taken into account. Nevertheless, BCS is measured
in 0.5 units and may, therefore, be insufficiently sensitive to pick up changes in the short
term (over a few weeks). By combining BW and BCS, it is possible to detect short-term
and long-term changes in the energy status of the cow, which are the changes in the
proportion of tissue synthesis and depletion.
2.2.5.5.1.

Differences in energy content of body tissue

The energy required for tissue synthesis depends on the net content of the synthesised
tissue (fat or protein synthesis) and the efficiency with which ME is used for growth
(Geenty and Rattray, 1987).
The CSIRO (2007) used figures from the ARC (1980) proposing the heat of combustion of
fat and protein gains in the body are 39.3 kilo Joule (kJ)/g for fat, and 23.6 kJ/g for
protein. However, the actual amounts of fat and protein gain are difficult to define as those
proportions vary with age, breed and sex of the animal, as well as the rate of BW gain or
loss (CSIRO, 2007). The main tissue gained in young, growing animals is protein, while
mature animals mostly gain fat (Holmes et al., 2002). Another influencing factor is the
variation in water content of tissue gain (CSIRO, 2007: muscle = 80% water and 20%
protein; adipose = 20% water and 80% fat). Results of research in sheep and cattle
suggested that the energy value of BW change is directly associated with BCS (Wright and
Russel, 1984a; Sanson et al., 1993; Williams and Jenkins, 1997), and data summarised by
Grainger and McGowan (1982) indicated similar effects in dairy cows. This is in line with
the differences in energy content of fat and muscle tissue reported by ARC (1980), and
partially explains why the cost of body condition gain increases with increasing initial

BCS. Wright and Russel (1984b) conducted a study involving 73 cows (dairy and beef
cattle) to determine the composition of empty body weight (EBW) change. To calculate
EBW from BW they used the equation:
EBW = 0.93 x BW – 43.1
This suggests BW is about 15% greater that their EBW. CSIRO (2007) accepted the results
from Wright and Russel (1984b) and proposed the following equation to calculate the
energy needed for 1 kg of empty body gain:
MJ NE/kg EBG = (13.2 + 13.8 x BCS)
where EBG = Empty body gain; BCS = 0-5.
Body condition score needs to be adjusted to the European 5-point scale system (0.81 +
0.4 x NZ BCS; Roche et al., 2004). Therefore, to gain 1 kg BW, an animal with BCS 5
would need 48 MJ NE (55/1.15). An animal with BCS 3, however, would only need 36 MJ
NE (41/1.15) to gain 1 kg BW.
2.2.5.5.2.

Efficiency of use of energy for body weight gain

Body weight gain is caused by accretion of fat and muscle (i.e. protein) in the body. The
efficiency of use of energy for BW gain (kg) depends on the composition of the body
tissue (fat or protein), the form in which ME is absorbed (glucose, VFA), and the
physiological state of the cow (lactating, dry). Energy from glucose is, for example, used
with a greater kg than energy from VFA (ARC, 1980; Holmes et al., 2002; CSIRO, 2007).
Efficiency of use of energy for fat (kfat) and protein (kprotein) deposition (MJ of fat/protein
per MJ of ME) for BW gain is different. Pullar and Webster (1977) reported kfat and kprotein
in rats to be 0.75 and 0.45, respectively, but because the energy of combustion of fat and
protein is different (39.3 kJ/g vs. 23.6 kJ/g, respectively), the ARC (1980) argues that the
ME requirements for fat or protein accretion in the body are the same at 52.4 MJ/g
(23.6/0.45 = 52.4; 39.3/0.75 = 52.4). However, these efficiencies are derived from rats and
may not be applicable to dairy cows.
Efficiencies for growth in non-lactating dairy cows range from 0.30 to 0.50 depending on
the type of diet (ARC, 1980). This adds variation into the estimation of ME required for
BW gain. The AFRC (1995) suggest one equation to calculate the kg for all concentrates

and conserved forages (kg = 0.043 x MJ/kg DM). The calculated kg of four commonly used
forage and grain feeds in NZ are summarised in Table 4, suggesting that maize grain is the
feed most efficient for BW gain. However, the AFRC equation is based solely on ME of
the feed, and does not consider effects of diet composition or animal characteristics, such
as BCS, or genetic merit, or physiological state of the cows.
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MJ ME/kg DM

Efficiency of use of energy

Maize silage

10.5

0.45

Maize grain

13.5

0.58

Pasture silage

11.0

0.47

Palm kernel expeller

11.0

0.47

The kg for pasture is reported to differ between autumn and spring, with 0.34 for autumn
pasture, and 0.42 for spring pasture (Blaxter et al., 1971; CSIRO, 2007). The reason for the
different efficiencies is not known, but it may be due to the proportion of fresh leaf or the
ME/kg DM. Depending on how ME is measured, there is some room for error. Proper
determination of dietary ME can only be done by keeping an animal in metabolism stalls
and accurately measuring its feed intake as well as faecal and urinary output and heat
production (Waghorn, 2007). However, ME is usually determined indirectly by near
infrared spectroscopy (NIRS) or wet chemistry. Both of these techniques measure the dry
matter digestibility in vitro and use this value in an equation to estimate ME. The accuracy
of these equations is then dependent on how accurately the particular NIRS or wet
chemistry method has been calibrated for the particular feedstuff.

2.3. Objectives and hypotheses
The objectives of the research proposed are:
1) To determine the ME requirements for maintenance and pregnancy in non-lactating
dairy cows fed autumn pasture two months pre-calving, and
2) To determine the amount of commonly used feeds (pasture, maize silage, pasture silage,
maize grain, and palm kernel expeller) required for BW gain in non-lactating pregnant
dairy cows, and, by calculation, to deduce an estimate of the efficiency with which ME is
used for BW gain for each feed.
Based on the objectives stated above, the hypotheses for this study are:
1) Recommended ME requirements for zero energy balance in late gestation dairy cows
are underestimated in New Zealand pasture-based systems.
2) Metabolisable energy from different feeds is used with different efficiencies for BW
gain in non-lactating, pregnant dairy cows.

Chapter 3. Determination of zero energy balance in nonlactating pregnant dairy cows
3.1. Introduction
The ME and NE requirements for cow maintenance, activity, reproduction, and productive
purposes have been estimated and are published in energy accounting systems (ARC,
1980; NRC, 2001; CSIRO, 2007). However, recommendations are not always consistent.
For example, the NRC (2001) estimates maintenance to be approximately 0.54 MJ ME/kg
BW0.75 for mature lactating cows, assuming conversion of ME to NE (= km) of 0.62. This
includes an additional allowance of 10% of maintenance for normal activity that is not
expended when fasting heat production is measured (i.e. cows in calorimeters). In contrast,
the ARC (1980) reported lower ME requirements from fasting heat production
experiments with estimated maintenance values for a 500 kg cow of 0.45 to 0.47 MJ
ME/kg BW0.75, at diet metabolizabilities of 0.70 or 0.60, respectively. The CSIRO (2007)
developed a more complex prediction equation, incorporating species, gender, age, BW,
potential milk production, km, energy requirements for grazing activity, and energy
expenditure for ambient temperatures below the animal’s lower critical temperature.
However, actual requirements were not greatly different to NRC (2001); for example, a 6
year old dairy cow (500 kg BW) in thermo-neutral conditions would require 0.56 MJ
ME/kg BW0.75. The CSIRO (2007) figures were used to predict the ME requirements of
grazing dairy cows (Nicol and Brookes, 2007).
In addition to variations between the nutrient requirement systems, Yan et al. (1997a, b)
reported that ME requirements for maintenance in non-lactating and lactating cows were
12 – 15% greater than in the studies used to formulate the existing recommendations.
These results support the reports by Garrett (1971) and Ferrell and Jenkins (1984) that
maintenance ME requirements increase with genetic merit for milk production. Because of
this, Nicol and Brookes (2007) increased the ME requirements for milk production in
grazing dairy cows, leaving maintenance at the previously recommended levels. Such a
change would increase total ME requirements of lactating cows, but would not adjust ME
requirements in non-lactating cows. This is not consistent with Roche et al. (2005), who
reported ME requirements for maintenance, pregnancy, and activity in non-lactating

pregnant dairy cows during the last month of gestation were greater than recommended, at
1.05 MJ ME/kg BW0.75. Holmes and Grainger (1982) and Grainger et al. (1985) also
reported greater requirements for cows grazing autumn pasture in the 7th month precalving (210 to 215 days of gestation) of up to 1.02 MJ ME/kg BW0.75, indicating that ME
requirements for maintenance, pregnancy, and activity in non-lactating, grazing cows may
be greater than currently recommended. However, in these studies, DMI was only
estimated from pre- and post-grazing residuals, and the reported energy requirements are,
therefore, only estimates.
The objective of the present study was to determine the ME requirements for zero energy
balance of pregnant, non-lactating, grazing dairy cows two months pre-calving, by
accurately measuring DMI, while still exposing cows to the environment that is associated
with grazing systems (i.e. cows were kept on a bare paddock in the afternoon and night).

3.2. Materials and methods
3.2.1. Trial design and measurements
As part of a larger experiment undertaken over two years, a total of 53 non-lactating,
pregnant Holstein-Friesian and Holstein-Friesian x Jersey-cross dairy cows were offered
one of three daily pasture allowances for 38 ± 2 days (mean ± SD) in four cohorts (n = 15,
12, 13, 13) at the DairyNZ Calan Gate freestall facility (Figure 11). The four cohorts were
required because of space limitations in the indoor feeding facilities. Fresh autumn pasture
was offered: Low: 7.5 kg DM/cow; Medium: 10.1 kg DM/cow, and High: 12.4 kg
DM/cow. The low allowance was intended to provide the recommended requirements for
maintenance based on the measured BW (0.55 MJ ME/kg BW0.75; NRC, 2001; Holmes et
al., 2002), with an additional allowance of 20 MJ ME/d for pregnancy and activity (Bell et
al., 1995; NRC, 2001).
Prior to treatment allocation, cows were blocked by age, day of gestation (DOG), and BW.
On average, DOG was 208 ± 17 days, and BW and age were 526 ± 55 kg and 6 ± 2 years,
respectively. Cows were previously trained to the Calan Gate freestall facility and all
procedures were approved by the Ruakura Animal Ethics Committee. In total, 19, 17, and
17 cows were allocated to the Low, Medium, and High treatment groups, respectively.
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Fresh autumn pasture was cut daily and offered to each cow at 0800 h. Cows had access to
the pasture for approximately 7 h, after which they were released onto a neighbouring,
bare paddock (within 200 m of the feeding facilities) until the following morning. The
amount of pasture offered and refused was recorded daily for individual cows, and
representative pasture samples were dried in triplicate at 95°C for 48 h to determine DM
content. Individual DMI was calculated as pasture kg DM offered minus kg DM refused.
A second sample of offered pasture was dried at 60°C for 72 hours, ground to pass through
a 2.0 mm sieve (Christy Lab Mill, Suffolk, UK), bulked weekly, and analysed for feed
composition and in vitro true DM digestibility (IVTD; after 24 h of incubation, ANKOM
Technology Method 3, Dairy One, Ithaca, NY). Pasture ME content was estimated from
IVTD: ME = DM digestibility x 0.172-1.707 (CSIRO, 2007), as well as determined by
NIRS at Hills Laboratory (Hamilton, New Zealand). Feed quality values are reported in
Table 5.
In all experimental cohorts, individual BCS (Roche et al., 2004; 10-point scale) was
recorded once/wk by one experienced assessor. Individual BW was recorded once/week in
cohorts 1 and 2 and three times/week in cohorts 3 and 4 (Gallagher Smart Scale 500,
Hamilton, NZ). Calf birth weights were also recorded.

3.2.2. Calculations and statistical analyses
The profile of conceptus growth (kg/day) and ME requirements of the gravid uterus were
estimated from calf birth weight using the equations reported by Bell et al. (1995):

where GUW = gravid uterus weight, DOG = day of gestation, CBW = calf birth weight
(kg), and GUER = gravid uterus energy requirements. The assumed efficiency of use of
ME for conceptus metabolism (kp) was 0.14 (Ferrell et al., 1976; NRC, 2001).
Energy requirements for activity, estimated as 0.0037 MJ ME/kg BW per horizontal km
walked (Nicol and Brookes, 2007), were 2 MJ ME/day, assuming the cows walked one
km/day. The ME requirements for pregnancy and activity were added to the basic
maintenance (0.55 MJ ME/kg measured BW0.75) to obtain an estimate of the predicted feed
allowance for zero energy balance.
Average BW gain/d for each cohort was estimated by regressing BW against day using
linear models. Individual daily ME intake was calculated as the product of estimated
pasture ME and daily DMI for individual cows within each cohort. Associations between
mean ME intake and BW change, and between mean ME intake/kg BW0.75 and BW change
were calculated using linear models by fitting a regression line with BW change as the
dependent variable and daily ME intake and ME intake/kg BW0.75 as independent
variables. To obtain daily ME requirements for zero energy balance, ME intakes and ME
intakes/kg BW0.75 were calculated from the fitted equations by taking into account the
estimated daily weight gain of the gravid uterus.

3.3. Results and discussion
Based on average calf birth weight (39 ± 7 kg), the estimated gravid uterus weight and
daily gravid uterus weight change at 208 days of gestation were 30.1 ± 9.1 kg and 0.6 ±
0.13 kg, respectively. Average ME content of the pasture offered was 11.9 ± 0.38, 12.7 ±
0.21, 12.5 ± 0.96, and 12.8 ± 0.17 for cohort 1 to 4, respectively. Pasture composition and
ME are presented in Table 5.
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Item
MJ ME/kg DM1
MJ ME/kg DM2
in vitro true digestibility, 24h
Crude protein
Crude fat
Acid detergent fibre
NDF
NDF digestibility, 24h (% of NDF)
Lignin
Starch
Ethanol soluble carbohydrates
Ca
P
Mg
K
Na
S
Fe (ppm)
Zn (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ash
DCAD, mEq/100g
1
2

Mean
12.4
11.3
82.0
21.7
4.1
27.8
47.4
61.8
4.9
1.2
7.8
0.7
0.4
0.2
3.1
0.3
0.4
221.0
37.9
7.0
69.9
0.8
10.2
31.6

(± SD)
0.66
0.60
3.81
1.68
0.92
3.89
5.21
8.19
1.67
0.99
2.87
0.30
0.09
0.02
0.38
0.15
0.07
147.60
7.27
1.02
17.71
0.93
1.30
13.05

estimated using in vitro true digestibility (Wet chemistry: DairyOne)
determined by NIRS

Dry matter intake, ME intake, and BW and BCS data for cows receiving the Low,
Medium, and High allowances are presented in Table 6.
Average DMI and ME intake (average ± SE) associated with zero BW change were 6.9 ±
0.32 kg/day and 86 ± 3.93 MJ/day, respectively. However, zero BW change does not
account for growth of the gravid uterus. Following adjustment for gravid uterus weight
change (0.6 kg/day), ME intake associated with zero energy balance of the dam were 117
± 2.6 MJ/day (R2 = 0.63; Figure 12a). This resulted in total ME requirements of 1.07 ±
0.025 MJ ME/kg measured BW0.75 for maintenance, activity, and pregnancy (R2 = 0.56;
Figure 12b). Daily pregnancy ME requirements were estimated to be 15.8 MJ ME (see
Equation 2), which is similar to the reported ME requirements at this stage of gestation for
pasture-based cows carrying a 40-kg calf (15 to 20 MJ ME/day; Nicol and Brookes, 2007).
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DMI (kg DM/d)
ME intake/day (MJ ME)
BW change/day
BCS change, BCS unitsx102
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LOW
7.5
94.6
0.22
1.0

1
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Treatment
MEDIUM2
9.4
118.0
0.59
1.4
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HIGH
10.6
133.1
0.89
1.7

- $0E +

P-values
sed
0.26
3.17
0.117
0.30

< 0.001
< 0.001
< 0.001
< 0.05

1

estimated maintenance (0.55 MJ ME/kg BW0.75) plus a 20 MJ ME allowance for pregnancy and limited
activity
2
LOW pasture allowance plus 2.5 kg DM offered
3
LOW pasture allowance plus 5.0 kg DM offered

Maintenance requirements are described as the energy required to maintain homeothermy
and vital physiological processes at zero energy balance (no tissue gain or loss; ARC,
1980; NRC, 2001). Calorimetry and slaughter studies resulted in estimates for maintenance
requirements of 0.43 MJ ME/kg BW0.75 (Van Es, 1961; Moe and Tyrrell, 1972; ARC,
1980). These requirements were increased to 0.55 to 0.58 MJ ME/kg BW0.75 for nonlactating grazing dairy cows and to 0.60 to 0.67 MJ ME/kg BW0.75 for lactating grazing
dairy cows (Holmes et al., 2002; Nicol and Brookes, 2007), which are consistent with
NRC (2001) recommendations.
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The results obtained in this study suggest ME requirements for maintenance, pregnancy,
and activity are 1.07 MJ ME/kg BW0.75 (or 117 MJ ME/day for the average BW of the
cows investigated). Using published literature to estimate ME requirements for
maintenance (0.55-0.58 MJ ME/kg BW0.75 = approximately 60 MJ ME/day) and adding
ME requirements for pregnancy and activity (approximately 20 MJ ME/day), total ME
requirements for zero energy balance of the dam would be approximately 80 MJ ME/day
(i.e. 0.73 MJ ME/kg BW0.75). This suggests that current ME recommendations
underestimate the requirements for zero energy balance of non-lactating grazing dairy
cows in mid to late gestation by approximately 45%. These greater ME requirements are
consistent with Roche et al. (2005), who reported that 1.05 MJ ME/kg BW0.75 was needed
to maintain zero energy balance in grazing dairy cows one month prior to calving, and
Holmes and Grainger (1982) and Grainger et al. (1985), who stated values of up to 1.02
MJ for cows grazing autumn pasture and 0.71 MJ ME/kg BW0.75 for cows fed fresh
pasture indoors, respectively, at a similar stage of gestation to the present study. The
reason for the greater ME requirements is not known; however, the most plausible reasons
include inaccuracies in the previous recommendations in determining the metabolizability
of the diet, errors associated with feed ME determination, differences in ME requirements
for maintenance and pregnancy across breeds and genetic strains, and differences in the
efficiency with which ME from different feeds is used for different physiological
processes.

3.3.1. Diet metabolisability
Some of the difference between results reported here and previous recommendations may
be due to physiological state and the effect that this has on diet metabolizability. Moe et al.
(1970) and Yan et al. (1997a) reported that the efficiency of use of energy for tissue gain
was 18 to 20% lower in non-lactating cows compared with lactating cows; this could be
due to an increase in the intestinal passage rate of the digesta in late gestation, resulting in
decreased digestibility of some feeds (Graham and Williams, 1962). The use of in vitro
DM digestibility to calculate ME may, therefore, overestimate pasture ME for nonlactating cows. When using the ME obtained from NIRS analysis (Table 5), ME
requirements for zero energy balance decreased to 0.97 (± 0.191) MJ ME/kg BW0.75, but
this is still more than 30% greater than requirements proposed in the literature. Moreover,
when the estimated ME of pasture was reduced by the 18% pasture ME would decrease
from 12.4 to 10.2 MJ/kg DM. This would be unexpectedly low for green leafy pastures

(Roche et al., 2009a) and would still not account for the total difference between the ME
requirements reported in the present study, and by Roche et al. (2005) and Holmes and
Grainger (1982), and those previously recommended (ARC, 1980; NRC, 2001; Holmes et
al., 2002; Nicol and Brookes, 2007). Even with a reduced ME of pasture, results presented
here indicate that ME requirements for maintenance, pregnancy, and limited activity are
30% higher than previously recommended. Therefore, there must be other contributing
factors.
In a study on heifers, Reynolds et al. (1991) reported differences in heat production and
tissue energy retention with changing diet composition, even though ME intake was equal
between treatment groups. It could be possible that variances in metabolizability of a
particular diet alters km. Hence, values reported for TMR-based systems may not be
applicable for grazing dairy cows.
Another possible reason for the inconsistency in published estimates of ME requirements
may relate to the method of their determination. For example, Larson and Johnson (1997)
reported greater efficiencies of use of energy for BW gain from calorimetry experiments
(fasting animals) than slaughter experiments. This was presumed to be due to the short
duration of calorimetry studies and the fact that the energy from BW loss is used more
efficiently than dietary energy (ARC, 1980). Use of energy from imperceptible BW loss in
short-term calorimetry studies may explain some of the inconsistencies in reported
requirements.

3.3.2. Maintenance
Metabolisable energy in autumn pasture is used less efficiently for BW gain than spring
pasture (Rook, 1964) or alternative feeds such as maize silage and concentrate
supplements (Chapter 4). It is plausible, therefore, that km is also lower in autumn pasture
and this would explain at least some of the increased ME requirements reported here and
by Roche et al. (2005) and Grainger et al (1985), compared with alternative diets.
A further reason for the inconsistencies in recommended ME requirements for zero energy
balance may relate to genetic differences in maintenance energy requirements. Ferrell and
Jenkins (1984) reported that higher milk-yield breeds required over 20% more ME for
maintenance than lower milk-yield breeds. In addition, Garrett (1971) reported that
Hereford steers needed less ME for maintenance than Holstein-Friesian steers and were

12% more efficient in converting ME above maintenance into BW gain. These data
indicate that km may be affected by cow genetics and, in particular, that selection towards
greater milk production may increase maintenance ME requirements. There were no
differences between km of cows with low or high genetic merit in the current experiment.
However, it is still plausible that the genetic strain of the cows used in this study had
greater maintenance requirements than strains used in previous experiments and further
research should be undertaken to test this hypothesis in both grazing and TMR-based dairy
systems.

3.3.3. Pregnancy
Net energy requirements for conceptus metabolism (kp) are estimated from slaughter
studies (Garret and Johnson, 1983; Rattray et al., 1974) and heat production experiments.
There is general agreement that kp in ruminant species is low (NRC, 2001; CSIRO, 2007).
Battaglia and Meschia (1978) reported differences in the permeability of the placenta to
free FA, including short chain FA such as acetate. Acetate is the major energy substrate in
the grazing, adult ruminant, but can only cross the ruminant placenta in very limited
amounts. This results in a relatively inefficient use of ME for conceptus metabolism. All
energy systems have adopted a similar kp (0.13-0.14; ARC, 1980; NRC, 2001; CSIRO,
2007), irrespective of diet. However, reports on the effect of physiological state and diet
quality on the kp in ruminants are inconsistent. Nicol and Brookes (2007) stated that there
is no evidence that kp changes through gestation or with the quality of the diet. It is,
however, proposed by other researchers that DMI and the metabolizability of the diet
affect kp (Rook, 1964; Yan et al., 1997b; Roche et al., 2005). In support of this, Robinson
et al. (1980) reported a 20 % reduction in kp in pregnant sheep when ME intake decreased
from 15 to 12 MJ ME/day. This is consistent with Hutchings (1997), who predicted a
variation in the efficiency with which ME is used for conceptus metabolism (from 0.11 to
0.18) with changing diet metabolizability (from 0.40 to 0.80). Robinson et al. (1999) also
proposed similar differences in kp (i.e. from 0.11 to 0.17) with changing feed quality.
Although autumn pasture is not a particularly low gross energy feed, there is considerable
evidence that it is used inefficiently for BW gain in ruminant species (MacRae et al., 1985;
CSIRO, 2007). These data reflect deficiencies in autumn pasture that are not evident in
standard laboratory analyses. Therefore, it is plausible that kp is also less for autumn
pasture. However, further research is required to verify or refute this hypothesis.

3.4. Conclusions
Recommended ME requirements for zero energy balance of non-lactating, pregnant dairy
cows fed fresh pasture are too low. Measurements reported here and by others indicate that
values should be increased by 30 to 45%. Reasons for the difference between measured
and recommended values are not clear, but could be due to increased maintenance
requirements in cattle selected for greater milk production, an underestimation of the ME
requirements for pregnancy in mid to late gestation, an overestimation of the ME content
of autumn pasture, or a low efficiency of use of ME from autumn pasture for maintenance
or conceptus metabolism. Even if the estimated ME content of pasture used in these
calculations was too high, this would not explain the discrepancy between predicted and.
measured values. The effect of cow genetics and diet (i.e. supplementation or TMR) on the
efficiency of ME use for maintenance and conceptus metabolism must be investigated. The
current study does not allow the separation of maintenance and pregnancy requirements
and this should be a focus of future research in this area. Nonetheless, at a dairy producer
level, the greater requirements must be accounted for in feed budgeting.

Chapter 4. Efficiency of use of metabolisable energy for
body weight gain in pasture-based, non-lactating dairy
cows
4.1. Introduction
Body condition score is a commonly used measure to evaluate a cow’s long term
nutritional status. Achieving an optimal calving BCS of 5 for mature cows and 5.5 for first
and second calvers (10-point scale; Roche et al., 2004) is important for subsequent milk
production, reproduction, and health targets (Roche et al., 2009a). Adequate nutrition and
sufficient time during the non-lactating period to achieve BCS and BW gain are important
in reaching these targets, emphasizing the importance of creating accurate estimates of
nutritional requirements for BW gain during gestation.

Net energy requirements for tissue gain are available from international feed standards
(ARC, 1980; NRC, 2001; CSIRO, 2007), but consistent information on the kg under
grazing conditions is lacking. Fresh autumn temperate pasture is usually assigned a k g of
0.33 (CSIRO, 2007); however, this figure is based on values obtained from growth studies
involving sheep and steers (Blaxter, 1956; Blaxter et al., 1971; Grennan, 1999). MacRae et
al. (1985) reported a kg of 0.43 for fresh autumn pasture in sheep, which is more consistent
with the value for spring pasture in other publications (ARC, 1980; CSIRO, 2007) and the
value for all pasture in NRC (2001). In seasonal spring-calving grazing systems, autumn
pasture is the primary feed used to gain body condition and BW prior to calving,
highlighting the importance of an exact knowledge of kg for this feed. In addition to
autumn pasture, other forages (i.e. maize silage and pasture silage) and fermentable fibrebased concentrates (e.g. palm kernel expeller) are offered as supplements to dairy cows
during the non-lactating period to accelerate BCS gain. Although kg values are reported for
some of these feeds (NRC, 2001), they have not been investigated in conjunction with
fresh pasture. Thus, the objective of this experiment was to determine the efficiency with
which ME is used for BW gain in non-lactating, pregnant dairy cows offered pasture or
commonly used forage and concentrate feeds.

4.2. Materials and methods
4.2.1. Treatments
Four cohorts of multiparous non-lactating Holstein-Friesian and Holstein-Friesian x Jersey
cross dairy cows (n = 184) were offered fresh pasture in a Calan Gate freestall facility
(DairyNZ Lye Farm, Hamilton, New Zealand; Figure 13) for 38 ± 2 days (mean ± SD).
Four cohorts were required because of stall number limitations in the freestall facility (n =
50, 47, 45, 42). Cows were blocked on age, DOG and BW, and allocated to one of eleven
treatment groups. Estimated mean (± SD) DOG, BW, and age were 189 (± 16) days, 521
(± 58) kg and 6 (± 2) years, respectively. To avoid any confounding effects associated with
growth in stature, only cows that were in their third or greater lactation were enrolled.
Cows were previously trained to the feeding facility and all procedures were approved by
the Ruakura Animal Ethics Committee (No. 12238).
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Animals in the control treatment (Control; n = 18) were fed fresh autumn pasture to
provide sufficient ME for estimated maintenance requirements (0.55 MJ ME/kg BW0.75:

Holmes et al., 2002), and an additional allowance for limited activity and pregnancy (~20
MJ ME; NRC, 2001; Nicol and Brookes, 2007). Cows in all other treatments (n for pasture
silage and maize silage = 34, for pasture and maize grain = 33, and for palm kernel
expeller = 32) were fed the Control diet plus an additional 2.5 (Low) or 5.0 (High) kg DM
of one of five feeds (pasture, Past; pasture silage, Psil; maize silage, Msil; maize grain,
Mgr; and palm kernel expeller, PKE).

4.2.2. Feed management
Supplementary feeds were offered once per day at approximately 0800 h to best mimic
normal farm practice, and freshly cut autumn pasture was offered after the cows finished
their supplement allocation. Control and Past cows received their complete allocation at
0800 h. Animals were kept indoors for approximately seven hours, after which they were
released onto a bare paddock until the next morning. Water was available at all times.

Pasture offered and refused was recorded daily for each cow and representative bulk
samples of pasture offered and refused and supplementary feed offered were obtained
daily, dried in triplicate at 950C for 48 hours to determine DM content (%) and to calculate
DMI. Representative samples of supplementary feeds refused were collected from each
cow and dried at 950C. If a refusal sample was

300 g, the whole sample was dried.

Additional feed samples (2 x 150 g) were collected daily, dried at 60°C for 72 h, ground to
pass through a 2.0 mm sieve (Christy Lab Mill, Suffolk, UK), bulked weekly, and
analysed for nutrient composition by wet chemistry (ANKOM Technology Method 3,
DairyOne, Ithaca, NY; Table 7) and NIRS (Hills Laboratory, Hamilton, New Zealand).
The method for estimating ME from forages based on Acid detergent fibre (ADF) is not
appropriate for temperate forages (CSIRO, 2007); therefore, the ME (MJ/kg DM) for Past
and Psil was calculated from in vitro true digestibility (IVTD; after 24 h of incubation,
ANKOM Technology Method 3, DairyOne, Ithaca, NY) as: DMD x 0.172 - 1.707 (DMD,
dry matter digestibility; CSIRO, 2007). Twenty samples were analysed for each feed.

4.2.3. Body condition score and body weight
During the experiment, BCS for each cow was recorded once per week by one experienced
recorder; body weight was recorded once per week in cohorts 1 and 2, and three times per

week in cohorts 3 and 4. Body weight and BCS measurements were recorded at
approximately 0730 h (before feeding). Body condition score was assessed on a 10-point
scale, where 1 is emaciated and 10 is obese (Roche et al., 2004). The scores can be
converted to the 5-point scale using the regression equation generated by Roche et al.
(2004; 5-point BCS = 1.5 + 0.32 10-point BCS). Cows were weighed on two consecutive
days and BCS was determined once, three days prior to beginning the experiment and
once, three days after completing the experiment (to allow equilibrium of gastro-intestinal
contents).

4.2.4. Blood sampling and analysis
Blood was collected from individual cows one day each week by coccygeal venepuncture
into 10mL heparinized (NaHep) evacuated tubes (Vaccutainer, Becton Dickinson, Franklin
Lakes, NJ, USA). Tubes were placed immediately into ice, and centrifuged within 60 min
at 3,000 x g for 12 min at 40C. Following centrifugation, plasma was aspirated, and
aliquots stored at -200C until analysis.

Plasma samples were analysed at Gribbles Veterinary Pathology Ltd (Hamilton, New
Zealand) for estimation of plasma BHBA, NEFA, aspartate amino transferase (AST),
glutamate dehydrogenase (GDH), and glucose. Metabolite assays were performed using
colorimetric techniques at 370C with a Hitachi Modular P800 analyser (Roche Diagnostics,
Indianapolis, IN, USA). Roche reagent kits were used to measure serum concentrations of
AST (IU/L; conversion of

-oxoglutarate and L-aspartate to L-glutamate and

oxaloacetate), GDH (IU/L; reduction of

-oxoglutarate), glucose (mmol/L; glucose

oxidase method) and BHBA (mmol/L; reduction of NAD to NADH during oxidation of D3-hydroxybutyrate to acetoacetate). Plasma NEFA concentrations (mmol/L) were
measured using WAKO Chemicals (Osaka, Japan) kit NEFA HR2, which measures
oxidative condensation of 3-methyl-N-ethyl-N-beta hydroxyethyl aniline with 4aminoantipyrine.

4.2.5. Statistical analysis and calculations
Changes in BW and BCS over the experimental periods were analysed using mixed
models fitted with REML in GenStat (VSN-International, 2011), including cohort,
treatment, and interactions of cohort and treatment as fixed effects, and cow as the random
effect. Contrasts of treatments were included to test differences between Control and
supplement, between supplement types, and between supplement amounts, and to test for
an interaction between supplement type and amount. Regression analyses were used to
predict BW gain from DMI and ME intake for each supplement treatment, and the amount
of supplement required for one kg of BW gain was estimated from these equations.

The kg was estimated from the MJ ME required for 1 kg BW gain, assuming 25 MJ NE/kg
BW (Holmes et al., 2002).

During the experiment, one cow in the PKE treatment had to be removed from the study
due to poor health. One cow in the PKE, and one in the Mgr treatment, aborted their calves
and were also removed from the trial. Data from these cows were omitted from all
analyses.

4.3. Results
The feed composition and digestibility of the five feeds evaluated are presented in Table 7.
On average, Control cows consumed 7.5 kg DM/cow per day, with the total DMI for the
other treatments ranging from 9.3 to 9.8 and 10.4 to 11.9 kg DM/cow per day for the Low
and High allocations (Table 8). Daily average ME intake was 95 MJ/day for Control cows
and ranged from 114 to 127 MJ and 125 to 157 MJ/day for the supplemented groups in the
Low and High allocation treatments, respectively (Table 8).
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Treatments
Sample Type

Maize
grain

Maize
silage

Autumn
pasture

Pasture
silage

Palm kernel
expeller

DM (% fresh)

85.3
(7.08)

39.5
(5.51)

15.0
(3.63)

28.5
(3.86)

92.9
(7.94)

ME (MJ/kg DM)

14.1
(0.11)

10.3
(0.42)

12.4
(0.64)

11.6
(0.56)

11.0
(0.66)

Crude protein

8.5
(0.62)

7.5
(0.36)

21.8
(1.68)

17.6
(1.85)

18.6
(0.88)

Crude fat

3.7
(0.39)

3.1
(0.52)

4.1
(0.92)

4.1
(2.33)

9.6
(0.79)

NDF

9.4
(0.92)

41.4
(2.95)

47.4
(5.21)

53.6
(2.83)

60.9
(3.71)

Non-fibre carbohydrates

77.9
(1.09)

44.0
(3.48)

22.4
(6.57)

15.9
(3.28)

15.8
(3.41)

Starch

71.7
(2.03)

38.0
(2.86)

1.1
(1.07)

1.0
(0.72)

0.4
(0.27)

24hr in vitro true
digestibility

95.6
(1.08)

73.6
(2.82)

82.1
(3.81)

76.9
(3.91)

52.4
(3.01)

24hr NDF digestibility
(% NDF)

52.1
(10.40)

36.0
(4.91)

61.8
(8.19)

56.7
(7.83)

21.5
(6.54)

*Analysed for nutrient composition by wet chemistry (ANKOM Technology Method 3, DairyOne, Ithaca,
NY). The method for estimating metabolisable energy (ME) from forages based on acid detergent fibre is not
appropriate for temperate forages (CSIRO, 2007); therefore, the ME (MJ/kg DM) for Past and Psil was
calculated from in vitro true digestibility (IVTD; after 24 h of incubation, ANKOM Technology Method 3,
DairyOne, Ithaca, NY) as: DMD x 0.172 - 1.707 (CSIRO, 2007). Twenty samples were analysed for each
feed.

Body weight gain per day was greater (P < 0.001) in cows fed supplements, compared
with Control cows, and greater (P < 0.001) in High compared with Low feeding
allocations, irrespective of feed type. However, BW gain was also affected (P < 0.001) by
feed type, with cows on the Past treatment gaining less BW than cows on the other
treatments (Table 8). There was a trend (P = 0.07) for a similar effect for BCS change.
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Treatments2
Control

Maize grain

Maize silage

Autumn
pasture

Pasture
silage

Palm kernel
expeller

Low

High

Low

High

Low

High

Low

High

Low

High

Differences
between
Control and
Supplement

Differences
between
Supplement
treatment

Differences
between
Supplement
amounts

Interaction
between
Supplement
and amount

Base pasture
DMI
(kg DM/d)

7.5

7.2

7.0

7.1

6.8

9.4

10.6

7.0

6.5

7.2

7.0

0.21

Supplement
intake
(kg DM/d)

NA

2.5

4.9

2.8

4.9

NA

NA

2.6

4.9

2.1

3.3

0.16

Total DMI/d
(kg)

7.5

9.7

11.9

10.0

11.7

9.4

10.6

9.6

11.4

9.4

10.3

0.27

<0.001

<0.001

<0.001

<0.05

MEI/d

94.2

126.6

156.8

118.8

135.8

114.6

124.9

118.0

138.3

114.2

125.1

3.31

<0.001

<0.001

<0.001

<0.001

BW
change/d

0.22

0.82

1.26

0.95

1.10

0.55

0.88

0.74

1.19

0.76

1.15

0.135

<0.001

<0.001

<0.001

0.34

BCS
change/d

0.01

0.02

0.03

0.02

0.02

0.01

0.02

0.02

0.02

0.02

0.02

0.003

<0.001

0.10

<0.001

0.62

MJ MEI/kg
BW gain (SE)
kg
1

P values

SED

66.0
(6.74)

52.8
(5.98)

74.3
(12.59)

50.4
(5.50)

40.8
(4.51)

0.38

0.47

0.34

0.50

0.61

189 (± 16) days of gestation
Animals in the Control treatment were fed fresh autumn pasture to provide sufficient ME for estimated maintenance requirements (0.55 MJ ME/kg BW0.75: Holmes et al.,
2002), and an additional allowance for limited activity and pregnancy (~20 MJ ME; NRC, 2001; Nicol and Brookes, 2007). Cows in all other treatments were fed the Control
diet and an additional 2.5 (Low) or 5.0 (High) kg DM of one of five feeds.
2

The ME required for 1 kg of BW gain is presented in Table 8. On average, 66, 53, 74, 50,
and 41 MJ ME was required per kg of BW gain for cows on Mgr, Msil, Past, Psil, and
PKE, respectively. This is equivalent to an apparent kg of 0.38, 0.47, 0.34, 0.50, and 0.61,
respectively. Pasture ME was used with a lower apparent kg than PKE and seemed to be
used less efficiently than Psil. Metabolizable energy in PKE was used with greater
efficiency than Mgr (Table 8).

Average plasma concentrations of AST, GDH, BHBA, NEFA, and glucose are reported in
Table 9. Concentrations of AST and GDH were greater (P < 0.01) in Control cows than in
cows on the Mgr, PKE, and Psil treatments. Concentrations of GDH were also lower (P <
0.05) in Mgr cows than Msil and Past cows. Plasma concentrations of BHBA were lower
(P < 0.001) in Control animals than in cows on Mgr, Msil, and PKE, but not Past and Psil.
Beta-hydroxybutyrate concentrations in Mgr and PKE cows did not differ from each other,
but were greater (P < 0.001) than cows on Past and Psil. Plasma NEFA concentrations
were greater (P < 0.001) in cows in the Control group than any of the supplemented
treatments, and were lower (P < 0.001) in Mgr cows than in cows in any other treatment.
Plasma glucose concentrations from Control cows were lower (P < 0.01) than cows in
Mgr, PKE, and Psil treatments, but not different from cows eating Msil and Past. Glucose
concentration in PKE cows were greater (P < 0.05) than Msil and Past cows, but not
different to cows on Mgr and Psil.
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Palm kernel
expeller

Spring
pasture silage

P-values

SED
Differences
between
Control
and.
Supplement

Differences
between
Supplement
treatment

Differences
between
Supplement
amounts

Interaction
between
Supplement
and amount

Low

High

Low

High

Low

High

Low

High

Low

High

1.86
(73.01)

1.78
(59.88)

1.79
(61.54)

1.80
(63.41)

1.83
(68.14)

1.84
(68.87)

1.82
(66.10)

1.78
(60.49)

1.77
(58.58)

1.82
(66.32)

1.80
(62.81)

0.031

<0.01

0.072

0.882

-0.695

1.39
(23.33)

1.12
(13.20)

1.11
(12.86)

1.23
(16.97)

1.28
(19.40)

1.28
(19.20)

1.26
(18.40)

1.18
(15.16)

1.15
(14.22)

1.22
(16.81)

1.21
(16.40)

0.081

<0.01

0.038

0.957

0.955

BHBA3

0.34

0.39

0.43

0.39

0.37

0.33

0.35

0.39

0.46

0.31

0.29

0.028

0.103

<0.001

0.100

0.096

NEFA

-0.47
(0.33)

-0.82
(0.15)

-0.97
(0.11)

-0.74
(0.18)

-0.85
(0.14)

-0.63
(0.23)

-0.67
(0.21)

-0.65
(0.22)

-0.72
(0.19)

-0.71
(0.20)

-0.81
(0.15)

0.035

<0.001

<0.001

<0.001

0.270

4.02

4.11

4.17

4.09

4.06

4.05

4.12

4.19

4.19

4.11

4.18

0.050

0.005

0.012

0.121

0.452

Aspartate
amino
transferase
Glutamate
dehydrogenase

Glucose3
1

8

189 (± 16) days of gestation
Animals in the Control treatment were fed fresh autumn pasture to provide sufficient ME for estimated maintenance requirements (0.55 MJ ME/kg BW0.75: Holmes et al.,
2002), and an additional allowance for limited activity and pregnancy (~20 MJ ME; NRC, 2001; Nicol and Brookes, 2007). Cows in all other treatments were fed the Control diet
and an additional 2.5 (Low) or 5.0 (High) kg DM of one of five feeds.
3
Not log10-transformed
2

4.4. Discussion
Experimental results highlight the effect of feeding level on BW gain in non-lactating,
late-gestation pasture-based dairy cows and quantify the apparent efficiency with which
different feeds are used for BW gain, when pasture is the base feed. Body weight increased
linearly with feeding level; this is supported by the blood metabolite measurements, with
data indicating a greater uptake of NEFA to adipose tissue relative to NEFA release with
greater ME intake. This relationship is further supported by the increase in plasma glucose
and reduced plasma AST and GDH concentrations in supplemented cows. The efficiency
with which ME was used for BW gain was dependent on feed type. When all feeds were
compared with each other, pasture and maize grain were used with low apparent
efficiencies, PKE with a relatively high apparent efficiency, and maize silage and pasture
silage with intermediate apparent efficiencies. Results will help producers provide more
effective dry cow rations.

4.4.1. Feed effects on body weight gain
The apparent efficiency with which ME from pasture, pasture silage, and maize silage is
used for BW gain is consistent with previous publications in ruminant species (NRC,
2001: CSIRO, 2007). In the present experiment, cows consuming fresh autumn pasture
gained the least amount of BW per kg DMI and per MJ ME, implying a low apparent kg
for pasture compared with Msil, Psil, and PKE. Values are consistent with those reported
by CSIRO (2007; kg = 0.34), as well as BW gain studies in sheep and cattle fed autumn
pasture and spring pasture at similar digestibilities (Clarke, 1959; Corbett et al., 1966;
Blaxter et al., 1971; MacRae et al., 1985). These values are less than the kg value for cool
season pasture (0.43) outlined in NRC (2001). CSIRO (2007) recommend a kg similar to
this, but only for spring pasture (0.42), acknowledging an effect of season on the
conversion of DM digestibility to ME.

The reason for the low apparent kg for autumn pasture is not known, but differences in
voluntary DMI (Clarke, 1959) or soluble carbohydrate content (Corbett et al;. 1966), or
differences in the amounts of absorbed glycogenic amino acids (MacRae, 1985) have been
proposed. MacRae et al. (1985) infused casein into the abomasum of sheep consuming

autumn pasture and reported an increase in the efficiency of body fat accretion; they
hypothesized that an extra supply of amino acids could provide additional nicotinamide
adenine dinucleotide phosphate (reduced; NADPH) and glycerol phosphate for the
conversion of acetate into FA, thereby improving the efficiency of use of energy for
lipogenesis. The blood metabolites measured here do not offer an explanation for the low
kg of autumn pasture, although the greater plasma NEFA concentrations are consistent
with a less positive energy balance in the Past group.

Collectively, the data indicate that the apparent efficiency with which ME from autumn
pasture is used for BW gain in non-lactating pregnant dairy cows is low and similar to
reported efficiency values in sheep and beef cattle. Although spring pasture was not
evaluated in this study, the higher kg for silage made from spring pasture, and the reported
difference between spring and autumn pasture in kg (CSIRO, 2007), indicate that the
season of harvest of cool season grass pastures must be considered when predicting BW
gain. From a farm management standpoint, cows that are fed autumn pasture during the
non-lactating period will need more time to gain BCS than the other feeds evaluated.

The efficiency with which ME was used for BW gain was similar in Msil and Psil, which
were both more efficient for BW gain than autumn pasture. In the current study, Msil had
an apparent kg of 0.47, which is similar to the 0.42 to 0.44 proposed by NRC (2001) and
CSIRO (2007). Cows on Psil (kg = 0.50) required significantly less feed for BW gain than
fresh pasture. Apparent efficiency values were greater than values proposed by NRC
(2001; 0.42), but consistent with the value (0.47) calculated from CSIRO (2007) for spring
pasture, as well as with the reportedly greater kg of pasture in spring compared with
autumn (Blaxter et al., 1971; MacRae et al, 1985). As the silage was made from spring
pasture, it appears that the ensiling processes did not negatively affect the kg of the parent
material. Consistent with this relatively high apparent kg for pasture silage, Moorby et al.
(2008) studied differences in the BW gain of late gestation dairy cows and associated calf
birth weights, when cows were fed either pasture silage or red clover silage. The study
revealed a greater BW gain in cows on pasture silage, whereas cows on clover silage gave
birth to heavier calves. This may be due to differences in the products of rumen
fermentation and associated differences in the partitioning of nutrients to physiological
processes; by promoting the production of acetate in the rumen, pasture silage favours the

use of dietary endproducts for fat synthesis rather than conceptus metabolism (Battaglia
and Meschia, 1987), thereby potentially promoting maternal BW gain.

4.4.2. Palm kernel expeller
Cows fed PKE required the least amount of ME per kg BW gain (40.8 MJ ME), resulting
in an apparent kg of 0.61. Although there is little research available on the effects of PKE
on BW gain, there are three likely reasons for the high efficiency: the amount of fat/oil in
the product, the digestible fibre resulting in acetate production, and high rates of
digestibility when PKE is fed with fresh pasture. Available results indicate reasonable BW
gain in tropical beef production systems when PKE is fed as the main diet component
(Mak et al., 1986) or in conjunction with tropical pasture (Galgal and Komolong, 2000;
Zahari and Alimon, 2004). Umunna et al. (1980) investigated PKE as an alternative to
other common feedstuffs for Nigerian beef production (e.g. groundnut cake or cottonseed
cake) and concluded that cattle fed PKE needed less feed to gain BW than those without
PKE; feed efficiency also tended to be better for the supplemented group. Zahari and
Alimon (2004) proposed improved digestibility of PKE when fed in addition to pasture,
due to reduced passage rates of PKE in the rumen and gastro-intestinal tract and a resultant
greater rumen retention time. This is supported by Burke et al. (2011), who reported
greater digestibility values in sheep when the proportion of pasture to PKE increased. In
many of these studies, PKE was fed as a high percentage of the diet or in combination with
poor quality tropical pastures, and was not fed as a supplement to pregnant dairy cows. It
is difficult, therefore, to conclude too much from these studies regarding the kg of PKE as
it pertains to cows in this experiment.

Although the reason for the greater apparent kg for PKE cannot be deduced from this
experiment, one plausible explanation could be its high fat content (9.6%; Table 7) and the
increased availability of acetate from rumen fermentation of fibre, in combination with the
animal model used in this experiment (i.e. non-lactating pregnant dairy cow). Medium and
long-chain FA are not used to a large extend for conceptus metabolism (Battaglia and
Meschia, 1987), with energy from PKE instead being partitioned towards anabolic
processes. In agreement with the hypothesis that a high fat feed would result in greater BW
gain, Cosgrove et al. (2004) reported greater feed conversion efficiency in grazing sheep

supplemented with long-chain FA. The primary FA in PKE are lauric acid (C12:0),
myristic acid (C14:0), and oleic acid (C18:1; Krishnaiah et al., 2012). The supplement with
the most similar FA profile to PKE is coconut oil (Sutter et al., 2000; Krishnaiah et al.,
2012). It could, therefore, be expected that BW gain in cows supplemented with coconut
oil would result in a similar kg to PKE. Sutter et al. (2000) compared the BW gain of steers
fed coconut oil or a control treatment containing a mixture of maize silage, hay and
concentrate. Although a kg was not reported, there was a greater BW gain per kg of DMI
with coconut oil supplementation, indicating a high kg for this FA profile. In addition to the
energy density of fat and the partitioning towards anabolic processes in late gestation
cows, this effect may also be a result of its effect on rumen function. Abdullah and
Hutagalung (1988) reported a rumen-defaunating effect of PKE; this would be expected to
increase the efficiency of conversion of digestible energy to ME and might indicate that
the ME of PKE is underestimated with current prediction equations. In addition to this,
Bird and Leng (1978) reported increased amounts of isoacids in the rumen fluid of
ruminants fed PKE, which have been reported to improve microbial protein synthesis and
cellulose digestion (Russell and Sniffen, 1984). Although the reason for the high apparent
kg of PKE cannot be deduced from the measurements taken in this experiment, there are
plausible reasons for the effect and supporting evidence in other species.

An additional, albeit less likely, reason for the greater apparent kg of PKE could be the
increased protein supply from this feed. Beever and Siddons (1986) provided some
evidence of impaired protein supply in cows grazing autumn pasture, due to the
degradation rate of dietary N possibly exceeding the availability of energy for microbial N
synthesis. Such a hypothesis was supported by MacRae et al. (1985), who infused casein
into the abomasum of sheep and observed an increase in the efficiency of BW gain from
0.45 to 0.57; they hypothesized that this effect was due to the greater supply of glycogenic
amino acids providing extra NADPH and glycerol phosphate to convert acetate into FA.
The moderate percentage (18.6 ± 0.88; Table 7) of slowly degradable protein in PKE could
have also contributed to a greater availability of amino acids for protein synthesis,
although with pasture CP being so high (21.8; Table 7), this effect is unlikely to explain
the difference in apparent kg.

4.4.3. Maize grain
Body weight gain was greatest for cows in the Mgr treatment, a fact consistent with the
lowest circulating NEFA concentrations (P < 0.001), and probably because cows in this
treatment consumed the most ME/day. However, the BW gain per MJ ME was
numerically lower than all other feeds (with the exception of pasture), resulting in a very
low apparent kg for Mgr (0.38; Table 8). In fact, the estimated apparent kg was 20% lower
than values reported in NRC (2001; 0.47) and more than 35% lower than values estimated
from CSIRO (2007). The reason for this low apparent kg is not clear, but we hypothesize
that it is for one of two possible reasons: 1) differences in the products of digestion
influencing the partitioning of energy, or 2) differences in the composition of the BW gain.
The high starch content of Mgr will have resulted in a greater production of ruminal
propionate relative to acetate (Bauman et al., 1971). Because propionate functions as the
main precursor for gluconeogenesis in the ruminant liver, circulating glucose
concentrations should be greater in Mgr-fed cows. However, insulin resistance and
decreased glucose transporter type-4 (GLUT4) expression in late gestation would reduce
glucose uptake by maternal peripheral tissues (muscle and adipose; Bell and Bauman,
1997; Schoenberg and Overton, 2010) and increased expression of glucose transporter
type-3 (GLUT3; Das et al., 2000) at the same time would likely increase the uptake of
glucose by the conceptus. These physiological changes would lead to a greater partitioning
of ME from Mgr to conceptus metabolism rather than BW gain, and may explain the lower
apparent kg of Mgr in these late gestation dairy cows. The difference in BW gain and calf
birth weight reported by Moorby et al. (2008) in cows fed either pasture silage or red
clover silage supports this hypothesis, with the red clover silage likely to produce more
propionate and less acetate per MJ ME consumed than pasture silage. There was no effect
of treatment on calf birth weight evident in this experiment, but the experiment was not
designed with sufficient statistical power to detect a difference in this parameter.
Alternatively, it is also possible that the low apparent kg for Mgr is a result of differences
in the composition of tissue gained from the different feeds. In the present study, 25 MJ
NE was assumed in each kg of BW gain (Holmes et al., 2002). However, as the energy and
water content of fat and protein differ (CSIRO, 2007), the composition of the BW gained
can affect the apparent kg assigned to the feed. Propionate from starch digestion (from

Mgr) and the associated increase in insulin secretion (Bell and Baumann, 1997) may result
in a greater proportion of adipose tissue in BW gain relative to protein. If this hypothesis is
correct, the apparent kg assigned to Mgr in the current experiment would underestimate the
efficiency with which ME is used for BW gain. However, late gestational insulin
resistance is likely to limit the insulin-induced lipogenesis and previous research reported
no distinguishable differences in specific marbling characteristics in steers fed either a
Mgr-based diet or finished on high quality spring pasture (Muir et al., 1998), which would
go in line with dairy cattle lipogenesis/lipolysis. While fat depth and marbling increased
with increasing BW, authors could not attribute any treatment effect to feed type. Although
body composition was not measured in the present experiment and the effect of body
composition differences on apparent kg was not determined, the energy partitioning
hypothesis is the more plausible on the basis of previous experimental evidence. Results
indicate a need to consider the physiological state of the animal in assigning a kg to feed
ingredients, especially if the animal is in late gestation and the feed is propionigenic.

4.5. Conclusions
The results confirm differences between feeds in the apparent efficiency with which ME is
used for BW gain and provide important information for on-farm feed budgeting. Further
research needs to focus on reasons for the differences in kg between feeds and, in
particular, the high apparent kg of PKE and the relatively low apparent kg of Mgr. Studies
designed to evaluate feed efficiency differences between pregnant and non-pregnant cows
would allow an understanding of energy partitioning and the effect of energy type.

Chapter 5. General discussion
In the preceding chapters, several novel points to consider have been identified with
regards the energy requirements of pasture-based, non-lactating dairy cows in late
gestation.
1. The energy in autumn pasture is not efficiently used for maintenance and BW gain
(Chapter 3 and 4).
In Chapter 3, it was reported that cows required greater amounts of autumn pasture to
achieve zero BW change (zero energy balance) than reported previously in the literature.
Previous recommendations were that a 500 kg cow two months pre-calving required
approximately 80 MJ ME/day to be in zero energy balance; this is equivalent to about 0.75
MJ ME/kg BW0.75. These recommendations are based on results from experiments that
measured the fasting heat production of dairy cows in calorimeters (Moe et al., 1970; Moe
and Tyrrell, 1972; NRC, 2001), with requirements adjusted for grazing cows (Nicol and
Brookes, 2007).
Although the results reported in Chapter 3 are a large increase on current
recommendations, they are consistent with results from other experiments in which cows
were fed fresh autumn pasture. Holmes and Grainger (1982), for example, reported very
similar requirements when cows were fed autumn pasture at the same stage of gestation.
Roche et al. (2005) and Grainger et al. (1985) also fed cows on autumn pasture and
reported greater energy requirements compared with current recommendations. These
greater requirements during the non-lactating period are probably due to differences in the
type of feed (autumn pasture), although differences in cow genetics cannot be ruled out as
a contributing factor. Autumn pasture seems to have an unexplained effect on energy
retention in non-lactating, mid to late gestation dairy cows.
The study reported in Chapter 3 was not designed to distinguish between pregnancy,
activity, and maintenance. Therefore, further research is required to be able to separate
those factors. Nevertheless, results indicate that the current published recommendations for
non-lactating cows underestimate requirements and that recommendations should be

revised. Further work should also be undertaken to identify the reasons for the inefficiency
of use of ME in autumn pasture for maintenance or productive purposes.
2. Different feeds are used with different efficiencies for BW gain, irrespective of their
ME; this effect is possibly a function of the physiological state of the animal.
In the study described in Chapter 4, the apparent efficiency with which ME from different
feeds is used for BW gain was evaluated. This included autumn pasture, spring pasture
silage, maize silage, maize grain, and palm kernel expeller.
Autumn pasture was used inefficiently for BW gain (kg = 0.34), consistent with results
from previous studies on sheep and cattle (Clarke, 1959; Corbett, 1966; Blaxter et al.,
1971). The reason for the low kg of autumn pasture is not clear, but several possibilities
have been proposed including differences in voluntary DMI or carbohydrate content, or
differences in the amino acids available for absorption. In comparison, pasture silage made
from spring pasture resulted in an kg of 0.50. This not only indicates that the ensiling
processes did not affect the quality of the pasture, but it underlines the seasonal difference
in kg for pasture (autumn vs. spring), which has been reported previously (MacRae et al,
1984; Waghorn and Barry, 1987; CSIRO, 2007). The reason for this seasonal effect on
pasture kg is not known. MacRae et al. (1984) hypothesised that the effect was due to
differences in metabolisable protein resulting from consumption of pasture in spring or
autumn. They undertook an experiment infusing lambs fed autumn pasture with casein and
increased kg to a level similar to that reported in spring pasture. Although these data
indicate a nutritional deficiency in autumn pasture that is essential for BW gain, it is hard
to believe that there is a metabolisable protein deficiency in non-lactating cows eating
fresh pasture and future research should investigate this topic.
Starch-based feeds (e.g. maize grain) were used inefficiently for BW gain in late gestation,
despite their relatively high ME (Chapter 4). It can be hypothesised that this is due to the
glucogenic precursors from starch digestion that are being partitioned towards conceptus
metabolism and/or foetal growth rather than BW gain. Support for this hypothesis comes
from the knowledge that propionate and glucose are the main energy source for the gravid
uterus and conceptus metabolism (Kersten, 2001; Baumann et al., 1971; Bell and Bauman,
1997). An alternative hypothesis for the apparent low kg from these feeds is an effect of
feed type on the composition of BW gain. Starch-based feeds may have increased the
proportion of adipose tissue in BW gain. This would have led to less of a BW gain in these

cows, because less water is contained in the gained tissue, even though the retained ME
may have been similar. In my opinion, the plausibility of this hypothesis is low, however,
as late gestational insulin resistance would limit lipogenesis and there is no evidence of a
change in marbling characteristics in beef cattle when fed starch- or fibre-based diets
(Muir et al., 1998). Further research is required in this area.
Palm kernel expeller was fed to the cows as a low starch, high fat and high fibre feed that
has moderate (approximately 60%) DM digestibility. Palm kernel expeller had the highest
kg in the reported study (0.62; Chapter 4). Consistent with the hypothesis that ME from
starch-based feeds is used for conceptus metabolism in late gestation, it is plausible that
ME from PKE is used preferentially for BCS/ BW gain. Two of the main components of
PKE are fibre and fat. Fibre diets result in ruminal acetate production as the main
endproduct of digestion; both acetate and dietary FA are utilised in lipogenesis. Even
though the measurements undertaken in Chapter 4 do not explain the high kg of PKE, it is
plausible that the acetate and FA from digestion of PKE are preferentially used for BCS/
BW gain, as acetate is not used to a substantial extent for conceptus metabolism in
ruminant species, and FA do not cross the placenta in appreciable amounts (Battaglia and
Meschia, 1987).
To conclude, further research on the reasons for inefficient use of ME for maintenance and
BW gain from autumn pasture is required. In addition, the hypotheses proposed for the low
kg for maize grain require investigation, as well as whether BCS gain from different feeds
or different management strategies subsequently result in the same milk production and
reproduction effects.
The results from both studies have important implications for on-farm decisions regarding
feed allocation for non-lactating, pregnant dairy cows. From the results of the study
reported in Chapter 3, a grazing, non-lactating cow in mid to late gestation would now
have to eat 10.6 kg DM of autumn pasture at a ME of 11 MJ or 9.8 kg DM of autumn
pasture at a ME of 12 MJ.
The reported differences in the apparent efficiencies of use of ME from different
supplements (Chapter 4) mean that dry, pregnant cows fed autumn pasture to maintenance
would have to eat 4.7, 5.1 and 5.9 kg DM of maize grain, maize silage and autumn pasture,
respectively, or 4.3 and 3.7 kg DM of pasture silage and palm kernel expeller, to gain 1 kg

of BW. From this, and from the differences in BW gain of cows fed starch- or fibre-based
feeds, it can be concluded that there are differences in the partitioning of energy towards
production, reproduction or maintenance, depending on feed type. In particular, the
inefficiency of use of ME from autumn pasture for maintenance and BW gain should be
investigated further.
Furthermore, I conclude that feeds containing moderate to high amounts of fibre and fat
are effective for BW gain. Starch-based feeds seem to be less efficient than their ME
suggests when fed to mid to late gestation dairy cows. This makes PKE a favourable feed
in the non-lactating period to gain BW and BCS.
Knowledge about these differing efficiencies is valuable, as offering more efficient feeds
(e.g. PKE) to cows during the non-lactating period would lead to the same amount of BCS/
BW gain with less feed and in a shorter period of time. This could ultimately result in
increased milk production per year, as cows could possibly be dried off at a later date and
still achieve their BCS targets at calving.
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