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ABSTRACT 
 

Two experiments were conducted to investigate the effects of supplementation on 

the utilization of barley straw, a typical low quality feed. Supplements provided 

extra protein and energy with the primary focus on lucerne silage, given at several 

levels, with cottonseed meal (CSM) also assessed. Supplements were evaluated by 

effects on feed intake and growth rate of young cattle, and by measurement of 

digestibility of the diets.  

 

In Experiment 1, 36 Hereford yearling steers were fed barley straw ad libitum for 49 

days with daily supplements of either 1.9, 3.9 or 5.7 kg lucerne silage (treatments 

L2, L4 and L6) or 0.8 kg cottonseed meal (CSM) as the control diet. L2, L4, L6 and 

CSM diets were estimated to contain 97.5, 144.0, 172.4 and 106.2 g CP/kg DM and 

ME of 7.1, 8.0, 6.8 and 8.5 MJ/kg DM respectively. There were significant 

treatment differences in total DM intake (P<0.001), straw intake (P<0.001) and 

liveweight gain (P=0.018). Total DM intakes were 4.66, 5.80, 6.91 and 4.20 kg/d; 

straw intakes 8.52, 5.95, 3.49 and 10.57 kg/d; liveweight gain 0.064, 0.227, 0.454 

and 0.485 kg/d for L2, L4, L6 and CSM diets respectively. NDF intakes were 

similar between diets. Liveweight gain and intake both increased (P<0.05), and 

straw intake decreased (P<0.05) in response to increasing level of silage 

supplement. Liveweight gain on CSM was higher (P<0.05) than L2 and L4 and 

considerably higher than predicted from feeding standards.  

 

In Experiment 2, conducted concurrently, 12 steers from the same source were used 

to determine digestibility of the L2, L4, L6 and CSM diets, plus barley straw (BS) 

and lucerne silage (LS) in a partial changeover design; 3 estimates per steer and 6 

estimates per diet. The L2, L4, L6 and CSM diets were formulated to have the same 

composition as predicted consumption in Experiment 1, and were fed at a restricted 

rate (16.5g DM/kg liveweight) during measurement of digestibility.  

Significant treatment differences were found for DMD (P= 0.002), OMD (P= 0.007) 

and DOMD (P= 0.009). The LS diet had the highest digestibility and BS the lowest.  

Digestibility estimates for L2, L4, L6 and CSM were intermediate and similar to 

each other.    
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Experiment 1 established that both total DM intake and growth rate were enhanced 

by supplementation with lucerne silage, with a clear trend for improvement with 

increasing rates of the silage. Total intake was apparently limited by NDF intake. 

The growth rate on CSM was higher than expected, based on diet quality and intake, 

suggesting a better utilization of nutrients.  

 

Experiment 2 confirmed the large difference in digestibility between barley straw 

and lucerne silage. Supplementation with silage increased total diet digestibility, but 

there was no evidence of an associative effect on the utilization of straw. CSM 

supplementation also increased total diet digestibility, however the improvement 

was greater than expected, indicating improved utilization of the straw component. 

These experiments have shown the potential for supplementation of barley straw 

with lucerne silage or CSM to improve livestock production, thereby providing 

practical opportunities to effectively utilize such forage. 
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Chapter 1 

INTRODUCTION 
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Cereal straw is a crop residue or by-product produced in huge quantity every year 

and can be a major source of feed for ruminant livestock, particularly in developing 

countries. Data from OECD/FAO (2011) show estimates of world cereal production 

for the years 2008 – 2010 to average over 2,200 million tonnes, which would 

therefore produce at least an equivalent amount of straw potentially available as a 

feed source among other uses. The utilization of such huge quantities of straw as 

feed for ruminants has been the subject of serious study for many years, because 

they can, to some extent, digest long forage such as straw. However, the digestion 

process in utilizing the straw is constrained by its high plant cell wall content, 

relatively high lignin content and deficiency in crude protein (McDonald et al. 2002). 

The poor digestibility and restricted voluntary intake of straw, if the sole component 

of the diet, would not allow the energy requirement of ruminant animals to be met. 

Hence improving the utilization of straw is critically important for satisfying 

nutrient requirements for animal production when straw is the major feed source.  

 

Supplementation is the most commonly used method for maximizing the utilization 

of cereal straw. Supplementation can be used to increase total nutrient intake, as well 

as increasing the supply of specific components that will improve the digestion of 

the straw and the diet overall. The aim of this thesis is to investigate the 

improvement in the utilization of low quality cereal straw by supplementing with 

varying amounts of lucerne silage, which will be assessed by effects on animal 

production. Since lucerne silage contains much more protein and energy than straw, 

it has the potential to improve straw digestion by the provision of extra energy and 

nitrogen to stimulate ruminal activity.  
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The study is related to a joint Australian-Tibetan project (supported by the 

Australian Centre for International Agricultural Research) and the topic is highly 

relevant to agricultural systems in both countries. In the Tibetan livestock/cropping 

areas, cereal straw is a major component of the diets fed to dairy cattle. As a result 

the cattle are undernourished which severely limits growth, lifetime milk production 

and reproductive performance and increases cow and calf mortality. In the 

Australian situation, cereal straw is a residue from grain production that requires 

disposal before the next crop sowing. Where this has been managed in the past by 

grazing, the animals have performed at maintenance level at best, due to the 

limitation of feed quality. Therefore developing management practises to improve 

the utilisation of cereal straw by ruminant livestock will benefit both Tibetan and 

Australian farmers. 
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LITERATURE  REVIEW 
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2.1 Introduction 

Cereal by-products are a major source of feed energy that cannot provide food for 

humans without prior processing by ruminants, and thus their use by ruminants is 

necessary for the efficiency of world agriculture (Van Soest 1994). However, the use 

of cereal straw for ruminant feeding is constrained by its low digestibility which 

affects voluntary intake, so that energy requirements for maintenance are unlikely to 

be satisfied when it is given as the only feed to the animals (Perdok et al. 1988). 

Therefore, the need to improve utilisation of cereal residues has received 

considerable attention, and the potential for such use is greatest in farming systems 

that combine cropping with livestock production (Kossila 1988).  

 

In addition to intake constraints (restricting available energy), protein is usually also 

limiting in these feedstuffs, so supplementation is necessary to meet the animal’s 

protein requirements and to maximize ruminal fermentation (Pritchard and Males 

1982). The crude protein (CP) content of straw is insufficient for rumen microbial 

protein synthesis and metabolic nitrogen recycling, thereby affecting the animal’s 

production (Males 1987). 

 

The efficiency of utilization of a straw diet can be improved by treating and/or 

supplementation. The former may be classified broadly into physical, chemical and 

biological categories (Jackson 1977). Supplements such as grain and silage are more 

easily degraded in the rumen and provide sugar, starch and other polysaccharides for 

fermentation (Mould 1988). The benefit of using protein supplements is to provide 

sufficient rumen degradable protein (RDP) for microbial protein synthesis 

(McDonald et al. 2002). As the interaction of feeds can affect the nutritive value 
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(Mould 1988), the associative effects of feeds on the digestion of nutrients also 

needs to be considered.  

 

Since the utilization of low quality forage is becoming an increasingly important 

component of agricultural production systems, this review covers the issues 

involved from both the animal and forage perspectives. Animal production is 

governed by basic metabolic requirements, and in the case of low quality feed, will 

be limited by the ability of the forage to supply the nutrients required. Thus, this 

review will discuss the critical areas of animal requirements for maintenance and 

production, and the quality of cereal straw. It will also review various means of 

improving nutritive value of cereal straw by supplementation (energy, ruminal 

degradable protein and high quality forages) or by treatment. 

 

2.2 Metabolisable energy (ME) requirement and utilization in cattle  

Growing ruminants show a curvilinear relationship between energy retained and GE 

intake (Van Soest 1994). The energy requirement for maintenance is a function of 

liveweight (Geay 1984; Van Soest 1994). The requirement for growth is a function 

of the composition of liveweight gain. Animal efficiency is measured as the balance 

between feed input and the production output. Energy balance depends on level of 

intake, energy value of the feed and efficiencies of ME use (Van Soest 1994). The 

distribution of ME between maintenance, production, pregnancy and lactational 

status, and the efficiency of ME use vary with breed, sex, liveweight, rate of gain, 

body condition and previous nutritional history (Geay 1984; Fox and Black 1984). 
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2.2.1 ME for maintenance 

When the energy intake of an animal is zero, energy retention is negative. In this 

situation the animal uses its reserves to provide energy for maintenance of its 

essential bodily functions, and energy leaves the animal as heat. As ME intake 

increases, energy loss decreases. At the maintenance level of feeding these basal 

energy requirement are exactly met so that the energy balance (EB), the net gain and 

loss of energy from the tissues of the animals as a whole, is zero (Freer et al. 2007). 

The ME requirement at maintenance is expressed as MEm, which is then used with a 

variable efficiency km to be expressed as net energy, NEm (AFRC 1993). As ME 

intake increases above maintenance requirement, the animal begins to retain energy, 

either for body tissue or in other products.  

The maintenance requirement of livestock, expressed in megajoules (MJ), is a 

function of liveweight (Fox and Black 1984). Van Soest (1994) calculated the 

maintenance requirements of Hereford × Friesian steers and bulls. He estimated 

lower values for steers than for bulls (0.519 vs. 0.607MJ/W.75 at 250 kg liveweight 

and 0.490 vs. 0.573MJ/W.75 at 450 kg liveweight). However, Van Soest (1994) 

suggested that the maintenance level is partly dependent on the reserves available to 

the animal. The ME required for maintenance declined by 0.013MJ/W.75 for each 

increase in 100 kg body weight with Charolais bulls, by 0.044MJ/W.75 with Friesian 

bulls, and by 0.054 to 0.075MJ/W.75 with Hereford heifers (Geay 1984). Geay 

(1984) observed an apparent proportional decrease in maintenance requirement as 

liveweight increased, and thus they proposed that the maintenance requirement 

might be associated with the physiological age of the animal. Blaxter et al. (1966) 

found that fasting metabolism decreases with age, at about 8% per year in the young 

animal.  
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Feeding level and feed type can also lead to variations in maintenance costs that are 

not strictly related to metabolic size (Van Soest 1994). In relation to this, the 

efficiency of dietary ME which is used to spare body tissue from catabolism in 

animals fed at different levels also causes the variation in maintenance requirement. 

In ruminants, energy for maintenance is absorbed largely in the form of volatile fatty 

acids. The efficiency of utilization of ME is less for roughages than concentrates, 

since more energy for digestion and higher heat loss for rumen fermentation are 

required for animals on roughage diets (Freer et al. 2007). Early studies of Fox et al. 

(1972) on beef cattle fed corn and soybran flake reported that there was better 

utilization of nutrients in the soybran when fed at maintenance level, due to its high 

protein to energy ratio. 

 

2.2.2 ME for growth  

The efficiency of utilization of ME for growth is dependent on the composition of 

gain (AFRC 1993) since the efficiencies for fat and protein deposition differ (see 

below). Therefore ME requirement, for any given level of gain, depends on the 

proportions of fat and protein in the gain, which varies between animals according to 

sex, growth rate, maturity type, stage of growth and liveweight. Animals of different 

genotypes differ in frame size, which determines the liveweight at which they have 

equivalent proportions of total body fat and protein (Fox and Black 1984). Thus 

early maturing type animals deposit more fat at a lower liveweight (which generally 

coincides with younger age) compared to later maturing types. McDonald et al. 

(2002) stated that for ruminants, the efficiency of utilization of ME for growth is 

generally lower than that for monogastrics, and it is also more variable. Heat of 

fermentation accounts for part of generally lower calorimetric efficiency of growth 

in ruminants. It explains much of the 10 per cent difference in the net efficiency of 
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utilization of ME for growth between pigs and ruminants fed on similar concentrate 

diets (McDonald et al. 2002).  

 

Values for the efficiency of utilization of ME for growth (kg) are much lower when 

animals are fed largely on forages compared to concentrates, and they are also much 

more variable. McDonald et al. (2002) reported that ME derived from poorly 

digested roughages, such as straw and low-quality hays, was utilised for growth with 

an efficiency (kg) of 0.2-0.4 in ruminants. Effects of season and stage of growth of 

forages has also been reported by Freer et al. (2007) to affect kg values. The reason 

for lower kg values, when they occur, is the reduction in the net efficiency of 

microbial fermentation in the rumen, which lowers the yield of metabolites to the 

animal from a given intake (Freer et al. 2007). 

 

ARC (1980) reported a curvilinear relationship between energy retained and GE 

intake in growing or fattening ruminants. Freer et al. (2007) stated that the net 

efficiency of use of ME for protein deposition (kp) is lower than for fat deposition 

(kf), and it is also more variable, which is also supported by Geay (1984). Thus the 

composition of gain determines the utilization of the nutrients available. 

 

Geay (1984) stated that there is a linear increment of energy retained as protein 

(REp) with increasing total energy retained (RE) with growing animals. However 

the proportion of energy retained as protein decreases as total energy i.e. liveweight 

gain increases (Figure 1).  
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Figure 1. Variation of the proportion of energy retained as protein with growth rate 
(w= 300kg); (▲——▲) ♂ Charolais, (■―—■) ♂ Friesian, (*——*) ♂ Hereford, 
(●——●) ♀ Hereford; (*••••*) ♀ Hereford (source: Geay 1984) 
 

The higher efficiency of ME for fat deposition (compared to protein) is in agreement 

with calculations based on the biochemical processes involved (Armstrong 1969) 

and with the assumption that fat constitutes a reserve with a slower turnover rate; the 

lower efficiency of ME used for protein deposition corresponds to its higher rate of 

turnover (Geay 1984). The distribution of the energy gain between fat and protein 

has been measured by calorimetric balance (Figure 2). The efficiencies of utilization 

of ME for protein (Kgp) and fat (Kgf) deposition that were predicted by Geay (1984) 

were Kgp = 0.20 and Kgf = 0.75. The variability in kp reflects variation in the relative 

rates of protein synthesis and degradation, protein deposition being the net outcome 

from these two processes in protein turnover in the body (Owens et al. 1993). In 

addition, the relative proportions of fat and protein in unit gain or loss in tissue mass 

from the body vary with the breed, sex and age (liveweight) of the animal (ARC 

1980; Freer et al. 2007).   
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Figure 2. Partition of energy gain between fat (REf) and protein (REp) as measured 
by calorimetric balance: (―—) Hereford ♀, (•–•–•) Friesian ♂and (• • • •) Charolais 
♂ and (– – –) Friesian × Holstein calves (source: Geay 1984). 
 
 
2.3 Metabolisable Protein (MP) requirement and utilization in cattle  

Metabolisable protein (MP) is defined as the total digestible true protein (amino 

acids) available to the animal for metabolism after digestion and absorption of the 

feed in the animal’s digestive tract (AFRC 1993). Protein available to the ruminant 

for nutritional needs is supplied by microbial and dietary sources (Wilkerson et al. 

1993). The digestible microbial true protein (DMTP) is produced by the activities of 

the rumen microbes, with synthesis of protein using fermentable energy (FME) 

sources in the feed (AFRC 1993). The rumen degradable protein (RDP) is derived 

from feed CP (peptides, amino acids and non protein nitrogen) which are utilized by 

rumen micro-organisms for their protein synthesis (Freer et al. 2007). Un-

degradable protein (UDP) is that fraction of the feed which has not been degraded 

during its passage through the rumen, but which can be sufficiently digested and 

absorbed in the small intestine (AFRC 1993).   
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2.3.1 Microbial protein metabolism 

In many dietary situations, much of the amino acid N reaching the intestines is of 

microbial origin, and this dependency on microbial protein means that the efficiency 

of microbial activity can have a pronounced effect on the ruminant (Russell et al. 

1992). The optimization of microbial protein yield requires optimal utilization of 

nitrogen, which is affected by rumen outflow rate and rates of degradation. The 

study of Nocek and Russell (1988) indicated that the rate of feedstuff degradation in 

the rumen can have profound effects on fermentation end products and on animal 

performance  as follows: 1) if the rate of protein degradation exceeds the rate of 

carbohydrate fermentation, large quantities of N can be lost as ammonia; 2) if the 

rate of carbohydrate fermentation exceeds the protein degradation rate, microbial 

protein production can decrease; 3) if feedstuffs are degraded very slowly, rumen fill 

will decrease intake; and 4) if the degradation rate is slow, some of the feed may 

escape ruminal fermentation and pass directly to the lower gut. In addition, Van 

Soest (1994) described how a faster rate of passage may alter rumen loss of slowly-

fermenting substrates by increasing the removal of the more mature organisms down 

to the lower tract, thus reducing the median age of the microbe population and 

altering the microbial protein synthesis in the rumen. 

 

AFRC (1993) concluded that the level of feeding must be considered in predicting 

the yield of microbial crude protein (MCP) per MJ of FME, and give values for 

MCP/FME of 9 g/MJ at maintenance and 10 g/MJ for growing cattle. Freer et al. 

(2007) reported that the efficiency of use of the fermented substrates by the micro-

organisms is about 0.8 of the theoretical maximum. It has been recognised that the 

efficiency of conversion of nutrients to microbial protein is dependent on the 
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characteristic of the foods making up the diet. An example being the decrease in the 

water soluble carbohydrate (WSC) content in successive growths, i.e. increasing 

plant maturity, represents a decrease in a readily available supply of energy for the 

micro organisms, which, as a result, are less efficient in capturing N (Freer et al. 

2007). It has previously been found that the lowest MCP yields among feed classes 

are from silages (Thomas 1982), due to the acids from silage fermentation not being 

available to the micro-organisms in the rumen as energy sources. Furthermore, 

lowering the rumen pH from 6.7 to 5.7 has been shown to halve the microbial 

protein production. Diets rich in soluble carbohydrate and low in fibre will result in 

increased production of lactic acid resulting in ruminal acidosis (McDonald et al. 

2002).  

 

2.3.2 Protein requirement for maintenance 

The minimum requirement for maintenance is the quantity of protein that will 

counterbalance the inevitable urinary, faecal and dermal losses of N and thus 

maintain tissue protein levels (Freer et al. 2007). The total endogenous nitrogen 

excretion of ruminants has been calculated as 350 mg N/kg W0.75   per day, and is 

equivalent to 1000-1500 mg N/MJ at fasting metabolism; it is two or three times 

greater than in non-ruminants (McDonald et al. 2002). A positive output of amino 

acids at zero nitrogen intake must reflect the microbial use of recycled nitrogen 

(Wilkerson et al. 1993; McDonald et al. 2002; Freer et al. 2007). Microbes can use 

non-protein nitrogen (NPN) and recycled nitrogen from saliva and rumen wall 

diffusion, and thus an animal at or near maintenance can obtain more MP from these 

sources than is in their diet (Van Soest 1994). The nitrogen absorbed in excess of 

that in the diet must be derived from the microbial yield and recycled nitrogen (Van 

Soest 1994). Recycled nitrogen may be a significant ruminal input when ammonia is 
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deficient. The NRC (1985) concluded that recycled nitrogen can be as much as 70% 

of the metabolised protein if the dietary protein intake is low (around 5% CP or less). 

As intake and content of CP in the diet increase, the contribution of recycled 

nitrogen decreases (e.g. 11% of metabolised CP at dietary level of 20%CP).  

 

2.3.3 Protein requirement for growth 

In ruminants, MP represents the protein that reaches the lower digestive tract and is 

absorbed; it is the sum of the protein that escaped rumen fermentation plus the 

microbial yield (Van Soest 1994). The efficiency of utilization of absorbed amino 

acids in turn depends upon the biological value of the digested UDP and the digested 

microbial protein, and upon the relative proportions of each contributing to the mix 

(Freer et al. 2007). The efficiency of microbial protein synthesis may be very high if 

dietary nitrogen is limiting but is less efficient at higher nitrogen levels, probably 

varying relative to the microbial requirement. Studies in growing cattle have 

estimated the mean value of  the metabolic efficiency of protein intake truly 

absorbed in the small intestine at 67.5% (Rohr et al. 1982), which is quite close to 

the value of 63% for the standard adopted in France (INRA 1978).  

 

The efficiency may vary with availability of dietary nitrogen level, as microbes can 

use NPN and recycled nitrogen from saliva and rumen wall diffusion as mentioned 

above (Van Soest 1994). A minimum level of 6-8% CP in the diet is required by the 

animal; lower than this rumen requirement can not be met by recycling, resulting in  

a decrease of either intake or digestibility (Van Soest 1994). When there is sufficient 

N in the diet, surplus entering the rumen can not be used by the microbes and will be 

wasted (excreted in the urine). This is why there is a lack of response in beef cattle 

to urea supplementation of rations above 10-12% CP (Van Soest 1994). Van Soest 
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(1994) stated that protein supplied to the animal in excess of its requirements is 

catabolised by the animal for energy and the excess nitrogen is excreted in the urine. 

Adding fermentable carbohydrate will increase the microbial requirement for 

nitrogen and promote utilization of excess ammonia (AFRC 1993). In the growing 

animal protein deposition is an obvious component of daily gain regardless of 

liveweight (Geay 1984). However, as the rate of liveweight gain increases, the 

proportion of the gain in protein deposition will decrease (Robelin and Denicke 

1980). Variation in efficiency of protein utilization between different cattle breeds 

has also been found. Geay (1984) reported that Hereford or Aberdeen Angus retain 

only 12 to15 % of their energy as protein and have only 12% protein in liveweight 

gain. The major proportion of their protein requirements is satisfied by the microbial 

amino acids (AA) absorbed in the intestine. However, protein requirements are 

relatively higher for growing bulls of late maturing breeds (Simmental, Charolais or 

Limousin), which retain 35 to 45% of their energy as protein (Geay 1984). These 

results indicate that several factors including, animal breed and the level of energy 

supply need to be considered when estimating AA requirements.  

 

2.4 Cereal straw 

In many grazing systems, the only forage available for part of the annual seasonal 

cycle, or during drought, is senesced pasture or crop residues (Rafiq et al. 2002).  

Particularly in developing countries, cereal straws constitute the major feed source 

for livestock feed systems (Anderson 1978).  However, cereal straws are 

characterised by low ME content, low CP content, and a low content of available 

minerals and vitamins (Staniforth 1979; Owen and Jayasuriya 1989; Castrillo et al. 

1995; Rafiq et al. 2002). In addition, straws are generally extremely fibrous and 

most have a high content of lignin (McDonald et al. 2002). It is the complex 
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association between the lignin and the structural polysaccharides which results in the 

generally low digestibility of straw relative to other forages (Givens 1987). The 

relatively low digestibility of straw and its associated low voluntary intake 

constrains its value in animal production systems, given it is inadequate even for 

maintenance, let alone growth (Males 1987).  

 

Despite the generally low digestibility of straw, considerable variability exists in the 

ability of straws to provide the animal with absorbable energy. This variation is 

influenced by the different plant fractions, stage of maturity, different species, 

varieties within species, as well as environment (Staniforth 1979). It is therefore 

useful to examine the effects of the above issues on digestibility of straw. 

 

2.4.1 The structural and chemical composition of cereal straw 

Straw is defined as the above-ground part of the cereal plant which remains after the 

grain has been removed (Staniforth 1979). Cereal straw consists of the senesced 

leaves (sheath and blade) and stems (node and internodes) remaining after grain 

harvesting and consists of approximately two-thirds stem and one-third leaf (Ohlde 

et al. 1992). Straw can also contain 0.1– 0.2% thin kernels of grain (Staniforth 

1979). Factors such as the distribution of cell types (parenchyma, epidermis, and 

sclerenchyma cells) within leaf and stem, the thickness of the walls of specific cell 

types, the ratio of leaf and stem, maturity stage and variety directly affect straw 

morphological components (McCartney et al. 2006). For example, the thin wall and 

large lumen of barley and oat straws contrasts with thicker walls of wheat 

(Staniforth 1979). The composition of straw also varies from bottom to top, the top 

parts being nutritionally more valuable (Wilson and Brigstocke 1977).  
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Straws are high in fibre and the fibrous carbohydrates are their largest component 

(Van Soest 1988). In a chemical examination of the dry matter of barley straw, it 

was shown that this consisted of about 400-450g/kg of cellulose, 300-500g/kg of 

hemicelluloses and 80-120g/kg of lignin (McDonald et al. 2002). Fibre is often used 

as a negative index of nutritive value in the prediction of total digestible nutrients 

(TDN) and net energy (Van Soest 1994). Lignin is negatively correlated with dry 

matter digestibility and increases steadily during the growing period (Van Soest 

1964).  

 

The Australian feeding standard estimates of calcium (Ca) and phosphorus (P) 

requirements for 300kg weaner cattle to gain 0.5 kg/d are 2.62 and 1.67 g/kg DM. 

respectively (Freer et al. 2007). Leng (1990) proposed that during long periods of P 

deficiency this mineral may become deficient in the rumen, and will reduce 

microbial growth efficiency and at times digestibility and intake of forage. 

McDonald et al. (2002) reported the Ca and P content of barley straw as 4.5 and 0.7 

g/kg DM. Phosphorus deficiency is common in cereal residues because of the low P 

content and P supplementation for the animal and the rumen microbes is essential 

for diets based on deficient straws.  

 

2.4.2 The nutritive value of cereal straw 

The CP content of straw is typically around 40 g/kg DM (MAFF 1992; NRC 1996), 

and it is less than the recommended minimum requirement of 70 g/kg DM for 

adequate rumen fermentation given in the feeding standards for Australian livestock: 

ruminants (Freer et al. 2007). The rumen degradability of the protein is relatively 

low (<0.4), and the rest of the un-degradable protein is likely to be indigestible 

(McDonald et al. 2002). MAFF (1992) reported the ME content of barley and wheat 
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straws averaged 6.4 MJ/kg, while Anderson’s (1978) estimates for digestible, 

metabolizable and net energy of wheat straw for maintenance and production were 

6.9, 5.49 and 3.51 MJ/kg respectively. Thus, both the low availability of energy and 

protein from straw confirm its poor nutritive value.  

 

2.4.3 Factors affecting straw quality  

It has been demonstrated that environment and variety within cereal types can have a 

significant influence on straw nutritive value through its effects on digestibility 

(Staniforth 1979; Givens 1987; Owen and Jayasuriya 1989).  

 

2.4.3.1 Cereal species 

A review by Givens (1987) suggested that organic matter digestibility (OMD) and 

ME content can vary considerably between cereals. The in vitro digestible cell wall 

content of the first and fourth internodes was 497 g/kg and 228 g/kg for barley straw, 

and 510 g/kg and 201 g/kg for triticale straw (McCartney et al. 2006). Givens (1987) 

reported that oat straw was significantly superior in OMD compared to wheat straw. 

Moreover, chaff in vitro organic matter digestibility (IVOMD) ranged from 487 to 

627 g/kg for eight barley cultivars, and from 478 to 545 g/kg for eight spring wheat 

cultivars (Kernan et al. 1991). Ohlde et al. (1992) stated that the variation between 

cereal species in digestibility and cell wall constituents may be due to differences in 

the proportions and chemical composition of individual morphological fractions. 

 

Substantial differences in the nutritional value of straw between species were 

reported by Staniforth (1979) with digestibility ranges of 0.44 - 0.49, 0.40 – 0.49, 

0.36 - 0.43 and 0.36 – 0.48 for winter barley, spring barley, winter wheat and spring 

oats, respectively. 
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2.4.3.2 Variety 

Givens (1987) reviewed the influence of cereal variety on the nutrient value of straw, 

and reported significant effects on OMD. For example, Capper et al. (1989), 

working with barley straw, found that the stem fraction of taller varieties was less 

digestible compared with that from shorter varieties. Alexander and McGowan 

(1966) examined in vitro OMD of various oat straws and found significant 

differences between the six varieties tested in two out of the three years of their 

study, but a firm ranking was not possible because of the nature of the experiment.  

 

2.4.3.3 Management and environmental factors affecting quality  

Erickson et al. (1982) stated that the amount of straw and its quality produced by a 

single variety grown at different locations and seasons differed markedly. 

Environmental effects on the quality components of barley straw were also noted by 

Orskov et al. (1990). Time of cutting has a considerable effect on both the yield and 

the composition of harvested straw (Staniforth 1979). In vitro OMD content of straw 

from wheat varieties varied from 445 g/kg for samples taken 1 week before normal 

grain harvest, to 383 at harvest, and 350 g/kg for 1 week after harvest (McCartney et 

al. 2006). Similarly, Kjos et al. (1987) showed that weathering wheat, oat, and 

barley straw for 1 month after grain harvest before baling increased neutral detergent 

fiber (NDF) by 80 g/kg, acid detergent fiber (ADF) by 140 g/kg, and lignin by 49 

g/kg compared with straw from the same fields baled at harvest, although CP was 

not altered.  

 

In general, drought often prematurely terminates growth resulting in less secondary 

cell wall formation and less translocation of nutrients to the developing crop and 
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straw (Staniforth 1979; Van Soest, 1994). Erickson et al. (1982) reported a 

significant increase in ADF from 421 to 511 g/kg, whereas hemicellulose was 

lowered from 29 to 23 g/kg for irrigated barley compared to dryland production.  

 

The ranges of digestibilities within species reported by Staniforth (1979), as cited 

above, (44-49, 40-49, 36-43 and 36-48% for winter barley, spring barley, winter 

wheat and spring oats) demonstrates the variability due to environmental effects on 

quality.  

 

2.5 Improving the utilization of straw 

As seen above, digestibility and intake of straw is low, and will not supply the 

requirements for maintenance and growth in cattle without adequate 

supplementation (Males 1987), due to its low energy and protein content. McDonald 

et al. (2002) stated that utilization of cereal crop residues can be greatly improved by 

supplementation and chemical treatment. Supplementation and chemical treatment 

of straw potentially stimulate the rate and extent of fermentation of cell wall 

carbohydrates in the rumen, enhance voluntary feed intake and balance the absorbed 

nutrients with the animal’s requirements (Males 1987; Perdok et al. 1988). 

Investigations of the methods of improving straw utilization by supplementation 

have dealt with the areas of energy, ruminal degradable protein and high quality 

forage supplements.  

.  

2.5.1 Effects of energy supplementation on straw utilization  

The results of grain or concentrate supplementation on straw utilization have been 

variable, and depend highly on the level of supplement in the diet. In general, grain 

supplements have been shown to increase intake of low to medium quality forages 
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when given at low levels, due to the stimulation of cell wall digestion of the forage 

and increased microbial protein synthesis (Dixon and Stockdale 1999). 

 

In a study by Guthrie and Wagner (1988), the intake of prairie hay by adult beef 

steers was increased by 1.51 kg DM/day compared to controls when given a 

supplement of 1.41 kg/day of corn grain, which represented 19% of the total dry 

matter intake. In this instance the prairie hay had a protein content of 4% CP and the 

corn grain was 13% CP. Similar results were reported by Crabtree and Williams 

(1971), where straw intake of lambs increased from 242 to 279 g/day when 

supplemented with 200 g/day of concentrate (19.1% CP), which was 25% of the 

total DM, but declined to 163g/day at the higher rates of 400g/day of the 

concentrate. These studies concluded that the increased intake of low quality forages 

is usually attributed to addition of digestible energy in the supplement. In addition, 

Van Soest (1994) stated that the addition of concentrate to forages increased 

efficiency of utilizing the available nutrients partly through the depression in 

methane, reduced rumination, and lowered heat increment.  

 

Low levels of added energy may be beneficial, whereas high levels are detrimental. 

Dixon and Stockdale (1999) found that intake of total dry matter and ME increased 

with consecutive levels of starch supplement, but intake of the straw and digestion 

of the fibrous components of the straw decreased. Huhtanen (1991) reported that 

increased levels of barley supplementation from 250 to 750 g/kg DM in the diet of 

cattle markedly depressed hay digestibility. The decrease in forage DM intake with 

increasing level of concentrate supplement in the diet reported by Dixon and 

Stockdale (1999) demonstrated an effect of substitution as well as a depression in 

fibre digestibility. A low rumen pH from rapid fermentation of rumen fermentable 
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carbohydrate causes depression of rumen cellulolysis, and thus reduces the rate of 

digestion and intake of fibrous forage components (Huhtanen 1991; Dixon and 

Stockdale 1999). Digestion is severely reduced at pH <6.2 and is negligible at pH 

<6.0 (Dixon and Stockdale 1999). Thus grain supplements at low levels have 

generally been found to stimulate intake of low quality feeds until affected by 

substitution or inhibited by lowering pH.  

 

2.5.2 Effects of protein supplementation on straw utilization 

The ability of ruminants to utilize roughages depends on rumen microbial activity, 

which depends on an adequate nutrient supply (Anderson 1978). Van Soest (1994) 

stated that the optimisation of microbial yield requires the optimal utilisation of 

nitrogen, which can be achieved through manipulation and control of rumen flow 

using soluble nitrogen sources. Non protein nitrogen (such as urea) can be used as a 

nitrogen supplement and will provide a ready supply of ammonia to the rumen if 

given constantly. Responses to supplementation with urea have been variable, and 

are highly dependent on the level of supplement in the diet. The positive effect of 

urea supplement on the utilization of low quality forages was reported by Redman et 

al. (1980). In their study, the intake of oat chaff by steers was increased by 23% 

when a urea supplement was provided. Djajanegara and Doyle (1989) also reported 

that intake of rice straw (containing 4% CP) by sheep was increased from 580g/d to 

800g/d when supplemented with urea at 11.5 g/kg DM basis. It was concluded from 

these studies that the stimulatory effect of urea upon food intake was associated with 

the provision of additional nitrogen for microbial protein production.   

 

Rihani et al. (1993) suggested that neither OM digestion or microbial net synthesis 

or efficiency is enhanced by high levels of ruminal ammonia or by continuous N 
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release leading to excess in the rumen, since the excess ammonia production will be 

absorbed, converted to urea, and excreted in the urine. McDonald et al. (2002) 

proposed that the wastage of excess N could be reduced by optimal synchronization 

of ruminal ammonia and available energy, which will improve microbial protein 

synthesis. Andrews et al. (1972) reported that maximum intakes of cereal residues 

occurred when small amounts of starch-type carbohydrates were fed in addition to 

urea. Straw intake by steers and pregnant heifers was increased by 20% with the 

addition of urea-containing, molassed sugar beet pulp cubes (Fishwick et al. 1974). 

The above studies demonstrate the beneficial effect of urea supplementation of poor 

quality feeds of low protein content by stimulation of microbial activity (McDonald 

et al. 2002). 

 

For supplements other than non protein nitrogen, rumen degradable protein is an 

important component affecting their improvement of low quality forage diets. Intake 

of forage has been shown to be increased by supplements containing protein from 

oil meal products, owing to an increase in the nitrogen supply to rumen 

microorganisms (Caton et al. 1988; Beaty et al. 1994). Increased forage intake, in 

turn, has been correlated with an increase in forage digestibility, as shown by Del 

Curto et al. (1990a). In that study, steers fed tallgrass prairie forage were 

supplemented with protein meal containing either 12 or 28% CP, at 0.5% of 

liveweight, increasing intake from 2.08 to 3.02 and 4.43 kg/d, respectively. Smith 

and Warren (1986) fed a mixture of annual pasture containing 7% CP and an ME of 

6.4 MJ/kg DM and oat stubble which had 3.35% CP and an ME of 6.68 MJ/kg DM 

to sheep, and reported that feeding a protein supplement (cotton seed meal, lupins, 

soybean meal and oats) increased forage consumption by 184 g/d. In this experiment 
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increased forage consumption was attributed to increased protein and ME intake and 

therefore greater rumen microorganism activity. 

Church and Santos (1981) also observed that the intake of wheat straw with a CP 

content of 3.8% by cattle was increased from 53.4 to 63.1g/kg W.75 when 

supplemented with soybean meal containing 51.9% CP, which supplied 1g of CP /kg 

W.75. McCollum and Galyean (1985) reported increased voluntary intake of prairie 

hay containing 6.1% CP by steers fed a daily supplement of 0.8kg of cottonseed 

meal. The positive effect of protein supplementation on forage intake seems certain 

to be associated with an improvement of digestibility of the roughage and 

consequent increased rate of passage as the result of increased supply of N to the 

ruminal microbes.  

 

Hunt et al. (1989) reported that protein supplementation could increase the rate of 

forage digestion in situations where there was a deficiency of N for rumen microbial 

growth. In the study by Del Curto et al. ( 1990a) discussed previously, 

supplementing tallgrass prairie forage with protein meal containg 12 or 28% CP 

increased diet digestibility from 35.5 to 44.8 and 48.4% respectively. Church and 

Santos (1981) reported an increase in DM digestibility of wheat straw  from 47.1 to 

55.8% when a soybean meal supplement (1 g of CP/kg BW.75, CP: 51.9%) was 

provided to cattle. Capper et al. (1989) reported an increase in the OMD of barley 

straw with 4% CP in response to the provision of 130g DM/day of cottonseed cake 

containing 34.2% CP when fed to sheep. The responses to protein supplementation 

in digestibility of low quality roughage diets can be considered as alleviation of 

nitrogen deficiency of rumen microbes (Orskov and Miller 1988). McCollum and 

Galyean (1985) suggested that increased rate of passage of particulates as a result of 

cottonseed meal supplementation was a major factor associated with the increased 
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voluntary intake of low quality prairie hay. Similarly, Hunt et al. (1989) also 

observed a faster particular passage rate from the rumen in response to protein 

supplementation of low quality forages.  

 

2.5.3 Effects of forage supplementation on straw utilization 

Supplements of digestible cellulose and /or hemicelluloses can be used to raise ME 

content of the diet; however this may not improve the utilization of the low quality 

component (Huhtanen 1991) unless additional CP is also supplied. Alternatively, 

highly digestible cellulose sources have been found to avoid the low rumen pH 

associated with high starch supplements (Mould 1988), therefore maintaining a 

rumen environment more suitable for cellulolysis (Silva and Orskov 1984). The 

beneficial effects on straw utilisation by ruminants when offered green fodder 

supplements can be attributed to the provision of readily fermentable cell wall 

carbohydrates, and enhanced yields of rumen micro-organisms (Ndlovu and 

Buchanan-Smith 1985). Del Curto et al. (1990b) reported that steers fed tall prairie 

grass hay ate only 0.49% BW when no supplement was fed but consumed 1.05% 

BW when they were supplemented with lucerne hay at 0.70% BW. In addition, 

Haddad (2000) fed sheep on barley straw ad libitum supplemented with 150, 250 

and 350 g DM per day of lucerne hay. Dry matter intakes of barley straw increased 

by 125 g/day when supplemented with 150 g/d of lucerne hay (720 vs 595 g/day), 

but there was no further increase in straw intake at the higher rates of lucerne 

supplementation. They concluded that the increases in intake and digestibility were 

associated with more efficient rumen fermentation as a result of increased 

concentration of rumen ammonia and branched-chain VFA resulting from the 

addition of lucerne hay. Others found similar results with intake by cattle of 

untreated straw being increased by lucerne hay supplement at 25% of the whole diet 
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(Hunt et al.1988). However, similar to the above, no further improvement in straw 

intake was noted at higher levels of supplementation. 

 

An issue to be considered when using forage supplements is that of substitution of 

the basal feed, particularly if the aim is to use as much low quality feed as possible 

while also increasing its utilization. Van Soest (1994) proposed that ruminal fill 

limits the intake of most forage based diets. As higher levels of high quality forage 

supplements are consumed, they will occupy an increasing proportion of the ruminal 

volume, thus limiting the intake of the base forage (Vanzant and Cochran 1994). 

Examples of substitution in straw and low quality diets are seen in the following 

reports. Paterson et al. (1982) reported that there was substitution of the base feed of 

NaOH treated corn cubes when lambs were supplemented with lucerne hay at rates 

above 25% of the diet. Similar results were found by Atwell et al. (1991) when 

heifers were fed alkaline hydrogen peroxide-treated wheat straw supplemented with 

lucerne hay at rates above 27% of the diet. In addition, Abate and Melaku (2009) 

also reported an effect of partial substitution when sheep fed urea-treated barley 

straw were supplemented with either vetch or lucerne hay, but the effect was small. 

It was shown in these studies that maximal intake of the basal forage was maintained 

only at the lowest levels of supplementation and declined as the rates increased, 

since the supplement occupies a greater proportion of the total rumen contents. At 

low levels of supplementation the higher quality of the supplement should improve 

rumen fermentation by providing additional nutrients for the microbes. However the 

overall effect due to improved utilisation of the low quality component will decline 

as its proportion declines by substitution. The major benefit to the animal is then 

coming from the better nutrient quality of the supplement, which is generally also 

more palatable and preferred if given free choice.  
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2.5.4 Chemical treatment 

Chemical pre-treatment is a technique that has been used for improving the 

nutritional value of cereal straws for ruminants. A variety of methods of treating 

straw with alkalis have been developed, sodium hydroxide (NaOH) being the most 

commonly investigated. These vary in cost of treatment, effectiveness and suitability 

for different situations.  

 

Alkali treatment disrupts the cell-wall by dissolving hemicellulose, lignin and silica, 

by hydrolysing uronic and acetic acid esters and by swelling cellulose, thereby 

causing the carbohydrates to become more available to the microorganisms in the 

rumen (McDonald et al. 2002).  

 

In a review of the available information, Jackson (1977) concluded that straw 

digestibility was increased from approximately 40 to about 70% by the Beckmann 

method of alkali treatment (cited by Jackson 1977) - soaking straw in a dilute NaOH 

solution for 24 hours and then washing with clean water. A number of authors have 

shown that the improvement in digestibility is dependant on the concentration of 

NaOH, length of time and temperature (Wilkinson and Santillana 1978; Haddad et 

al. 1995; Jackson 1978). Jackson (1977), in his review, reported that in vivo 

increases in digestibility following NaOH treatment are less than in vitro because of 

unreacted alkali and/or high sodium concentration. 

 

Al-Tawash et al. (1982) reported increases of 13.8 and 13.4 percentage units in 

DMD when barley straw was fed to cattle at restricted and ad libitum feeding levels, 

respectively, as a result of NaOH treatment. NaOH treatment was shown to increase 

in vivo digestibility of straw DM, OM and ADF by approximately 10 percentage 
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units by Coombe et al. (1979). Klopfenstein et al. (1972) reported that the 

digestibility of corn stover was increased from 40.9% to 60.3% by treatment with 

5% NaOH. Wanapat et al. (1985) observed that treating barley straw with 1.5% 

NaOH increased the dry matter digestibility from 50.8% to 72.8% and the organic 

matter digestibility from 52.4% to 75.7% when fed to sheep. Sriskandarajah and 

Kellaway (1984) showed a lesser increase (0.53 vs 0.49) in DOMD when NaOH 

was sprayed on to the wheat straw at the rate of 50 g NaOH/kg.  

 

Berger et al. (1980) reported that rumen retention decreased when NaOH treated 

straw was fed to lambs; the increased rate of passage was linearly related to level of 

NaOH treatment. This was supported by Drennan et al. (1982) who reported that ad 

libitum intake of NaOH treated barley straw by Friesian bulls (401 kg) was 

increased from 4.74 to 5.22 kg DM/d (10%),  and from 3.53 to 4.48 kg DM/d (27%) 

by Hereford-cross heifers (309 kg). 

 

Compared to NaOH, Ca (OH)2 is a weaker alkali and therefore less effective in 

improving digestibility, although this can be partially offset by increasing the 

quantity of Ca (OH)2 and allowing adequate time for it to act (Zaman and Owen 

1990). Calcium hydroxide (Ca (OH)2 ) is cheaper and safer to use and is thus a 

useful alternative alkali to NaOH (Staniforth 1979). 

 

An alternative alkali to NaOH is ammonia, which may be applied to straw in the 

anhydrous form or as a concentrated solution (McDonald et al. 2002). Ammonia is 

slower acting than NaOH and the best results were obtained after an eight-week 

“dwell time” using up to 5 per cent of ammonia by weight (Arnason and Mo 1977). 

Jackson (1977) reported that 100g lots of ground wheat straw treated with either 40 
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or 80 ml of a 30% ammonia solution (6 and 12% ammonia/100 g straw) resulted in 

increases in (nylon bag) dry-matter digestibility from 44 to 54 and 55%. while CP 

content increased from 2.7 to 7.0 and 7.5%. McDonald et al. (2002) stated that two 

thirds of the ammonia is lost by volatilisation when exposed to air; the remainder is 

bound to the straw and raises its CP content. Castrillo  et al. (1995) reported that 

ammonia treatment acts mainly on the linkages among cell wall components, and 

when giving non-supplemented straws to adult, non-productive sheep the effect of 

ammonia treatment acts mainly on voluntary intake and the improvement is enough 

to meet the maintenance energy requirements.  

 

Thus a range of alkali treatments (NaOH & Ca (OH) 2) and ammonia have been 

reported to improve straw quality, but most have resulted in low to moderate 

improvements and have not presented practical or economical means to substantially 

increase production. 

 

2.6 Lucerne Silage 

Lucerne (Medicago sativa) has always been regarded as an important crop grown for 

feeding livestock because of its nitrogen-fixing properties and it provides a 

relatively rich source of protein. Well-preserved lucerne silage has at least as high a 

feeding value as well-made lucerne hay (Etheridge et al. 1992). Changes in 

equipment that increased ease of mechanisation and reduced susceptibility to 

weather damage made conservation of lucerne as silage, rather than hay, more 

common (Vagnoni and Broderick 1997). However, if there are significant quality 

losses during harvesting, wilting or storage, then there can be significant reductions 

in digestibility, ME and CP content (Piltz and Kaiser 2003). A poor silage 

fermentation produces an unpalatable silage and, irrespective of its ME and CP 
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content, DM intake and utilisation of silage nitrogen by the animal will be reduced. 

The following section of the review will discuss the effect of maturity, wilting and 

management of storage on the quality of silage as well as the animal performance 

measured via DM intake, digestibility, nitrogen utilization and energy balance. 

 

2.6.1 Silage process 

Silage is the material produced by the fermentation of crops with high moisture 

content, common silage types include grasses, legumes, maize and whole crop 

cereals (McDonald et al. 2002). The silage fermentation process can be divided into 

two main phases; the initial aerobic phase and following fermentation phase (Buxton 

et al. 2003).  

 

Aerobic phase 

The aerobic phase starts when the crop or pasture is mown (prior to wilting) or 

harvested (direct cut crops), continues during harvesting, filling and compacting the 

silo and for a period after sealing while oxygen (O2) remains. During this period 

water soluble carbohydrate (WSC) are respired and plant enzymes break down the 

more complex carbohydrate such as starch, hemicelluloses and fructans, creating a 

supply of simple sugars (Piltz and Kaiser, 2003). The quantity of trapped O2 within 

the forage matrix maintains the respiration of plants and microorganisms and is 

accompanied by the generation of heat (Pahlow et al. 2003). Proteolysis also 

commences during this phase, resulting in the breakdown of plant protein into amino 

acids and other nitrogenous compounds. The extent of proteolysis is dependent on 

the rate of pH decline in the silage since enzyme activity declines with increasing 

acidity (Bailes 2004). Both respiration and proteolysis are undesirable for silage 

fermentation, due to it effects on the degradation of nutrient. However, in a finely 
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chopped and well compacted silage crop, and provided the silo is sealed without 

delay, this aerobic phase can be minimized (McDonald et al. 1991). 

 

Fermentation phase 

The anaerobic fermentation phase commences once all oxygen has been depleted 

from the silo. In the early part of this stage, obligate anaerobic microorganisms such 

as enterobacteria, clostridia, and certain bacilli, and yeast can theoretically compete 

with the lactic acid bacteria (LAB) flora for the nutrient, which produce 

objectionable fermentation products (Pahlow et al. 2003). These microorganisms 

can be inhibited by encouraging the growth of LAB. The LAB ferments the WSC to 

produce a mixture of acids with lactic acid the predominant and preferred acid for a 

quick pH decline. The acids produced increase the hydrogen ion concentration to a 

level at which the undesirable bacteria are inhibited. However, the critical pH level 

varies with different types of crop as well as the DM content (McDonald et al. 2002; 

Pahlow et al. 2003). Legumes are more highly buffered than grasses and are 

consequently more difficult to ensile satisfactorily, but this can be alleviated by 

wilting the material before ensiling.  

 

2.6.2 The nutrient value of lucerne silage  

Lucerne contains from 150 to 300 g DM/kg fresh forage when standing in the field 

and must be wilted before ensiling (Albrecht and Beauchemin 2003). Forage ensiled 

below 30% DM will produce effluent, which can result in a significant loss of 

nutrients ( Piltz and Kaiser 2003). Low DM content at ensiling of crops such as 

lucerne, with a low sugar content and/or a high acid requirement, increases the 

chance of a clostridial fermentation, loss of soluble carbohydrates and protein, and 

production of high concentrations of acetic and butyric acids, making them 
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unpalatable with poor animal acceptance of the silage (Etheridge et al. 1993). 

Wilting lucerne before ensiling will decrease storage losses associated with seepage 

of effluent and clostridial spoilage compared with direct cut silage (McDonald et al. 

2002). The preferred DM content ranges from 350 to 500 g/kg with precision chop 

silage being produced at lower and baled silages at higher DM contents within the 

range. However if forages are too dry (DM > 50-55%) is difficult to achieve 

anaerobic conditions and the silage will be more susceptible to heating and mould 

growth (McDonald et al. 1991).  

 

Voluntary intakes and digestibility in sheep fed lucerne as wilted silage and as hay 

have been found to be similar (Etheridge et al. 1992). Etheridge et al. (1993) also 

found that there was no significant difference between voluntary intakes of lucerne 

conserved as sundried material or as silages of various DM content (29.2, 33.1 and 

51.2%); with a mean intake of 1189 g DM/day. The lack of difference in intake was 

attributed to the high quality of fermentation of the silages. It was concluded that 

well-preserved lucerne silage has at least as high a feeding value as well-made 

lucerne hay (Etheridge et al. 1992). Han et al. (2004) reported higher DM intake of 

lucerne silage than lucerne hay. They explained that the lower DM intake of lucerne 

hay might be a result of leaf shattering and other changes related to harvest method.  

 

Lucerne silage as the source of forage is high in total CP and RDP, but low in RUP 

(Nagel and Broderick 1992; Dhiman and Satter 1997; Vagnoni and Broderick 1997). 

Lucerne protein is subject to degradation during ensiling and changes in the N 

fraction and this may be quite extensive if a poor fermentation occurs. This may 

result in greater release of NH3 and amino acids than can be used by the rumen 

microbes, resulting in reduced N retention or amino acid absorption, especially in 
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diets in which fermentable energy is limiting (Wilkins 1988; Nagel and Broderick 

1992). Well preserved silages may show similar levels of total nitrogen content, as 

reported by Hawkins et al. (1970), who examined lucerne silages varying in DM 

(22%, 40%, 45%, 80%). However the composition of the nitrogen fraction differed 

markedly between them as shown by the decrease in the water soluble nitrogen as a 

proportion of the total from 68 to 29% as the DM increased from 22% to 80%. Van 

Soest (1994) stated that over one-half of the total nitrogen of the direct cut silage 

was found in the water soluble non-protein nitrogen (NPN) fraction which decreased 

as silage dry matter increased. Ammonia nitrogen expressed as a percentage of the 

total nitrogen in the silage, is an excellent guide to silage fermentation quality. In 

well- preserved silage, with an ammonia N of ≤ 5 % of total nitrogen, the intake of 

the silage is likely to be similar to that of the parent forage (Piltz and Kaiser 2003). 

However, in poorly preserved silages, ammonia-N can be as high as 50 % of the 

total nitrogen, and such high ammonia nitrogen indicates a extensive degradation of 

forage protein during the ensiling process (Piltz and Kaiser 2003).  

 

Early studies of Gordon et al. (1961) and Hawkins et al. (1970) reported lower 

consumption of lucerne silage associated with lower DM content, due to changes in 

the chemical composition during the ensiling process. High negative correlations 

have been found between silage dry matter consumption and content of volatile 

organic acids and ammonia ( Van Soest 1994; Piltz and Kaiser 2003). The animal’s 

utilization of the silage nitrogen or protein can be poor due to the rapid degradation 

of nitrogen in the rumen which can limit the synthesis of microbial protein N by 

causing sub-optimal synchrony between N and energy available to the ruminal 

microbes (Albrecht and Beauchemin 2003). This results in the animal being 
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deprived of essential amino acids despite an abundance of nitrogen from silage (Van 

Soest 1994).  

 

2.6.3 Effect of silage on straw utilization 

There are few previous reports examining the effects of lucerne silage as a 

supplement to straw diets. Maeng et al. (1971) reported that mixing NaOH treated 

straw (approximately 8% CP) with lucerne silage (18% CP content) resulted in a 

positive associative effect on digestibility when fed to wethers, particularly at lower 

levels of straw in the ration. The addition of lucerne silage at the higher rate (70% of 

DM intake) improved the digestibility of the straw component by 11 percentage 

units when compared to the straw only diet. Basery and Campling (1989) reported 

that intake of straw when fed to steers was decreased by silage supplementation. In 

the first of their experiments, intake of the straw control diet (7.1g N/kg DM) 

decreased from 3.51 kg/head/day to 3.40, 2.27 and 1.14 kg/head/day by the 

provision of grass silage (26.2 g N/kg DM) supplemented at rates of 0.77, 1.95 and 

2.96 kg/head/day respectively. In a second experiment they used lucerne silage to 

supplement the straw based diet. They found intake of straw (6.0 g N/kg DM) 

decreased from 3.73 kg/head/day to 2.15 kg/head/day when given the lucerne silage 

supplement (3.28 kg/d; 24.8 g N/kg DM). 

 

The studies above have indicated effects of lucerne silage on different aspects that 

may affect utilization of straw. The first by Maeng et al. (1971) showed a 

considerable improvement in digestibility and the authors also concluded an 

associative effect. The improvement in digestibility was likely due to the alleviation 

of the nitrogen deficiency in the rumen with the addition of the higher protein (and 

energy) supplement, promoting microbial activity, added to the improvement in 
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straw quality by  NaOH treatment. The second study by Basery and Campling (1989) 

demonstrated the effect of substitution when a straw diet is provided with a higher 

quality supplement. This will improve the quality of the diet overall as the 

supplement makes up an increasing proportion of the total, and will enhance 

utilization of the straw component even if there is no associative effect.  

 

2.7 Conclusion 

Livestock require metabolisable energy (ME) and protein (CP) for both maintenance 

and growth. The ME requirement for maintenance (MEm) is dependant on 

liveweight such that heavier animals have higher MEm requirements. ME surplus to 

maintenance requirements is used for growth (MEg). Gain is primarily composed of 

muscle and fat and the proportion of each is dependant on a range of interacting 

factors including animal liveweight, size, maturity, previous nutritional history and 

breed etc. 

 

Animals also have a requirement for metabolisable protein (MP) which can be from 

either dietary protein that has escaped ruminal digestion or microbial protein 

synthesised in the rumen. In turn the rumen microbial population has a requirement 

for elemental nitrogen (N) which can be supplied as either rumen degradable protein 

(RDP), non-protein nitrogen (NPN) or recycled N. The rumen microbes ferment 

carbohydrates to volatile fatty acids (VFAs) releasing energy that can be 

metabolised by the animal. Insufficient rumen N levels will result in less efficient 

fermentation and digestion. Surplus N will be excreted. 

 

The nutritive value of cereal straw for ruminants is limited by low CP and high fibre 

content. Low availability of energy resulting from poor digestibility seriously 
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restricts the utilization of straw for animal production. Even higher quality types of 

cereal straw, when fed to full appetite but without supplements, cannot provide 

enough energy, protein, minerals, and vitamins to maintain the ruminant in good 

condition (Staniforth 1979). The low level of energy in straw is further exacerbated 

by low protein levels which limit microbial activity and microbial protein synthesis 

and digestion of the fibre fraction.  

 

Digestibility (and intake) of straw can be enhanced by various chemical treatments 

but these are rarely a practical or economical proposition. However supplements can 

be used to increase diet quality and provide extra protein or energy to the rumen 

bacteria for cell wall carbohydrate degradation and the microbial protein synthesis, 

thus increase the utilization of straw and also improve the animal performance. 

Supplements are a more economically viable method to improve the utilization of 

cereal residues and increase animal production. 

 

Lucerne silage is an ideal high quality supplement for this purpose. When provided 

as a supplement the higher nutritive value of well preserved lucerne silage increases 

diet quality. Lucerne silage may also have a positive effect on cereal straw 

utilization and animal production by promoting ruminal fermentation and microbial 

protein synthesis. There have only been limited investigations on its use so far but 

with promising results, and therefore further research was considered a worthwhile 

area of study.  
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Chapter 3 

EXPERIMENT  1 
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3.1 Introduction 

Supplementation of straw with higher quality nutrients has previously been shown to 

improve intake and increase growth rates of cattle (Males 1987; Perdok et al. 1988). 

A variety of supplements have been shown to be beneficial, including lucerne hay 

(Haddad 2000; Bird et al. 1994) and cottonseed meal (Hennessy and Murison 1982; 

Lee et al. 1985; Smith and Warren 1986). However, there are few reports in the 

general scientific literature evaluating responses in intake and liveweight gain to 

lucerne silage as a supplement to livestock fed low-quality roughage. Silage offers a 

number of advantages to livestock producers and is increasingly being produced and 

fed in southern Australia (Piltz and Kaiser, 2003). It is reasonably easy to make and 

store, and when compared to hay is generally of higher quality and is less prone to 

weather damage during making. 

 

This experiment was designed to test the hypothesis that supplementation of a barley 

straw diet with varying levels of lucerne silage may or may not increase voluntary 

intake and liveweight gain in steers, when compared to a control. The control diet 

for this experiment was the barley straw diet plus a cottonseed meal (CSM) 

supplement, representing an industry standard.  

 

3.2 Methods and materials 

3.2.1 Animals  

Thirty six Hereford weaner steers, approximately 12 months of age and ranging in 

liveweight (LW) from 284 to 342 kg were sourced from two commercial farms for 

this experiment. All stock were ear tagged, drenched with Fasinex®, vaccinated 

with 7 in 1 Ultravac® HP, and treated with Tiguvon® for external parasites. 
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3.2.2 Design 

There were 4 treatment groups - a control and 3 levels of lucerne silage supplement 

and each of the 4 groups had 3 pens (12 pens total) with 3 steers in each pen (see 

Plate 3.1). The pens were approximately 8 m x 12 m in size. Steers were allocated to 

pens using a stratified randomisation procedure based on liveweight and balanced 

for source to ensure that all treatments had a similar average and range in liveweight 

at the commencement of the experiment. The means for each treatment are shown in 

Table 3.3. 

 

 

Plate 3.1. Steers in pens during Experiment 1. 
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3.2.3 Diets and Feeding  

Steers were fed for 49 days, from 23 of March to 10 of May 2009. The diets were 

based on baled barley (Hordeum vulgare) straw which was offered ad libitum. The 

control diet consisted of straw plus a CSM supplement of 0.8 kg DM/head/day. This 

was chosen to represent a typical commercial practice since straw alone would not 

be sufficient to prevent liveweight loss (Males, 1987). The 3 lucerne silage 

supplement treatments are referred to as L2, L4 or L6, initially estimated to provide 

2, 4 or 6 kg DM/head/day, but actual amounts offered were slightly lower due to 

correction for dry matter (DM) content differences following initial estimates. The 

diets were designed to cover a range in crude protein (CP) and metabolisable energy 

(ME) content, with CSM and the L2 diets intended to provide approximately 

maintenance levels of ME intake at the estimated DM intake (DMI) for steers of this 

liveweight.  

 

The straw and silage was fed in bale ring feeders (see Plate 3.2). The straw was 

replenished as required to ensure ad libitum availability. The CSM (see Plate 3.3) 

and silage supplements were weighed the day before feeding and kept at ambient 

temperature. Care was taken to discard any aerobically spoiled silage prior to 

feeding. Supplements were fed once daily at 8:00 am. At the completion of the 

experiment, an assessment of the residual straw was made to determine DMI. 
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Plate 3.2. Steers on L6 diet being fed Plate 3.3. Steers on CSM diet being fed  
lucerne silage supplement. cottonseed meal supplement. 
 

3.2.4 Liveweight gain and intake  

Animals were weighed twice on consecutive days, taken in the morning, at the 

commencement and again at the completion of the experiment. Weights on the 

second day were fasted. Averages of the two weights at the start and finish were 

used to calculate average change in liveweight over the 49 days. Average estimated 

daily straw and total intakes were calculated for each pen from the total amount fed 

over the 49 days, and expressed on both per head (kg DM/head/day) and liveweight 

(g DM/kg LW/day) basis (averaged over the experiment) for the steers within each 

pen (Table 3.3).   

 

3.2.5 Sample collection  

Fresh grab samples (approximately 1 kg) of straw and silage were taken when each 

new bale was opened, and these were stored at -20°C. The total feeding time was 

divided in to 3 periods. At the end of each feeding period these were bulked and 

thoroughly mixed prior to sub-sampling. Duplicate subsamples of straw and silage 

were dried in a fan forced oven at 80°C for 24 hours to determine DM content. A 
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portion of each sample was then ground through a 1 mm screen and retained for 

laboratory analysis.  

 

3.2.6 Laboratory analyses  

Samples of the previously dried and ground straw, silage and CSM were analysed to 

determine organic matter, acid detergent fibre (ADF) and neutral detergent fibre 

(NDF) content and digestibility and nitrogen (N) content of barley straw and CSM. 

Total N and ammonia N (NH3-N) content of the silage was determined on undried 

samples that had been stored frozen at -20°C. Organic matter content was 

determined by ashing a sample in a muffle furnace at 550°C for 6 hours (AFIA 

2009; AOAC 1990). NDF and ADF was determined sequentially (Van Soest et al. 

1991) using the filter bag method (Ankom® 200/200 fibre analyser, Ankom 

technology, Macedon, NY, USA). Total N content was determined using the Dumas 

combustion method with a Leco CNS 2000® analyser (Leco, St. Joseph, MI, USA) 

(AOAC 1990). NH3-N content of fresh silage samples was determined using the 

automated distillation and titration method (AFIA 2009). N content of the residues 

following NDF and ADF analyses was determined using the Kjeldahl Method 

(AFIA 2009) to determine acid detergent insoluble nitrogen (ADIN) and neutral 

detergent insoluble nitrogen (NDIN) of the silage samples. 

 

In vitro digestibility was determined using a modification of the two–stage method 

of Tilley and Terry (1963). Two Red Poll rumen fistulated steers were used as 

rumen liquor donors for the incubation. These were fed a mixed diet containing 

lucerne and oaten hay, barley and oat grain, having an estimated ME content of 8.4 

MJ/kg DM and CP content of 123g/kg DM, which was given in sufficient quantity 

to meet their maintenance requirements. The assay method was modified by addition 
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of 0.156 g urea and 0.156 g ammonium sulphate per litre to the buffer solution (Piltz 

1993). This provided an additional source of nitrogen to the buffer to compensate for 

the low nitrogen status of some feeds.  

 

A set of dried and ground standard feeds of known in vivo digestibility (determined 

in cattle) were included with the samples to be tested. This set of standard feeds 

included barley straw and lucerne silage. Predicted in vivo digestibility values dry 

matter digestibility (DMD), organic matter digestibility (OMD) and digestible 

organic matter (DM basis) (DOMD) of the samples were calculated using the 

equation obtained by regressing in vitro digestibility and in vivo digestibility for the 

standard feeds (Barber et al. 1984). ME was calculated using the equations given in 

AFIA (2009): 

 Barley straw ME (MJ/kg DM) = 0.203 DOMD (%) – 3.001 

 Silage ME (MJ/kg DM) = 0.16 DOMD% 

CSM ME (MJ/kg DM) = 0.858 + 0.138 DOMD (%) + 0.272 EE (%) 

 

3.2.7 Calculations 

Calculations used to estimate ME and protein requirements of the steers are given in 

Appendix 3.1 and Appendix 3.2 respectively, and for prediction of dry matter intake 

for maintenance and growth in Appendix 3.3. ME and metabolisable protein (MP) 

requirement for maintenance and growth were calculated from equations in AFRC 

(1993). DM intakes required for maintenance and growth were calculated using 

equations from AFRC (1993) and CAB (1980) respectively. 
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3.2.8 Statistical analyses:  

Feed intake and liveweight gain were analysed using the REML (linear mixed 

models) directive within Genstat (Edition 13, VSNI, UK). Intake was analysed with 

treatment (diet) as the fixed effect. Individual steer liveweight gain was analysed 

with treatment (diet) as the fixed effect and pen and source as random effects. 

Significant differences between treatments were assessed using l.s.d. (0.05) where 

there was a significant treatment effect.  

 

3.3 Results 

Compositions of the individual feed components and for the various diets are shown 

in Table 3.1 and Table 3.2. Analyses of the ammonia content of the silage gave an 

estimate of < 2%, thus indicating no problem with quality due to initial production 

or preservation. The actual proportion of lucerne silage in the L4 diet was higher 

than the average of the L2 and L6 diets and resulted in the ME and CP content of L4 

being closer to that of L6 than L2. 

Table 3.1. Composition of the barley straw, lucerne silage and cottonseed meal 
(CSM) components of the diets.  

Item Barley straw Lucerne silage CSM 

Organic matter content (g/kg DM) 924.9 914.7 930.0 

Neutral detergent fibre (g/kg DM) 835.0 390.0 200.0 

Acid detergent fibre (g/kg DM) 530.0 296.7 140.0 

Digestible organic matter, DM basis (g/kg DM) 425.0 596.7 740.0 

Metabolisable energy (MJ/kg DM) 5.6 9.1 11.9 

Crude protein (g/kg DM) 23.4 202.3 460.0 
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Table 3.2. Composition of barley straw based diets supplemented with cottonseed 
meal (CSM) or varying levels of lucerne silage (L2, L4 and L6) fed to steers. 

Diet Supplement 
Supplement fed 

(kg DM/head/day) 
Estimated CP 

(g/kg DM) 
Estimated ME 
(MJ/kg DM) 

CSM cottonseed meal 0.8 106.2 6.8 

L2 lucerne silage 1.9 97.5 7.1 

L4 lucerne silage 3.9 144.0 8.0 

L6 lucerne silage 5.7 172.4 8.5 

 

Estimated daily intake of individual dietary components and total DM, expressed as 

per head (kg DM/steer/day) and on an average liveweight basis (g DM/kg LW/day), 

are shown in Table 3.3. There was a significant effect of diet on total DM intake 

(P<0.001). Total DM intake for the L6 diet was greater (P<0.05) than for all others, 

and DM intake for L4 was greater than for the L2 or CSM diets (Figure 3.1). 

However DM intake did not differ between the L2 and CSM diets. Thus there was a 

significant linear effect of increasing silage supplement on total DM intake 

(P<0.05).  

 

There was a significant effect of diet on straw intake (P<0.001) with straw intake on 

the lucerne silage treatments all lower (P<0.05) than for the CSM diet (Table 3.3). It 

is also clear from Figure 3.1 that increasing the level of silage in the diet decreased 

straw intake. 

 

There was a significant effect of diet on liveweight gain (P=0.018) as shown in 

Table 3.3 and Figure 3.2. Gains for the CSM and L6 diets were similar, and both 

were greater (P<0.05) than for the L2 diet. Gain on the CSM was greater than L4 

while L4 and L6 did not differ from each other. The relationship between increased 

lucerne silage supplement and liveweight gain is clearly shown in Figure 3.2. 
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Table 3.3. Daily means for starting liveweight (LW), DM intakes for diet 
components, total intakes of DM, NDF and ME, and LW gains for steers fed ad 
libitum barley straw supplemented with CSM or lucerne silage (L2, L4 and L6) in 
Experiment 1. 

Mean daily component intakes  Mean daily total intakes Mean 
starting 

LW CSM Silage Barley straw DM NDF ME 

Mean 
LW 
gain 

Diet 
kg 

(±se) kg/hd kg/hd kg/hd g/kg 
LW kg/hd g/kg 

LW 
g/kg 
LW MJ/hd kg/d 

CSM 316 
(13.1) 0.81 0 3.47 10.57 4.28 13.03 9.0 32.6 0.49 

L2 318 
(14.2) 0 1.93 2.73 8.52 4.66 14.55 9.1 36.6 0.06 

L4 312 
(21.2) 0 3.90 1.89 5.95 5.80 18.23 9.4 50.8 0.23 

L6 317 
(17.1) 0 5.76 1.15 3.49 6.91 21.03 9.4 63.9 0.45 

P 
value n.s. n.a. n.a. <0.001 <0.001 <0.001 <0.001 n.s. n.a. 0.018 

l.s.d. 
(P<0.05) 

- - - 0.493 1.585 0.485 1.621 - - 0.248 



 

 
 

49 

Diet

CSM L2 L4 L6

D
ry

 m
at

te
r i

nt
ak

e 
(k

g/
st

ee
r/d

ay
)

0

2

4

6

8

Supplement
Straw 

 
 

Figure 3.1. Average daily intakes (kg DM/steer) of the dietary components for 
steers fed ad libitum barley straw supplemented with CSM or 1.9, 3.9 or 5.8 kg of 
lucerne silage (L2, L4 or L6).  s.e. bars shown for straw and total intakes. 
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Figure 3.2. Average live weight gains (kg/day, with s.e. bars) for steers fed ad 
libitum barley straw supplemented with CSM or 1.9, 3.9 or 5.8 kg of lucerne silage 
(L2, L4 or L6).  
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3.4 Discussion 

This experiment has shown clear effects of improved nutrient supplements on intake 

and liveweight gain when steers were fed straw based diets. There is little 

information in the literature reviewed reporting the responses to lucerne silage 

supplementation. This discussion will therefore include published information on 

responses to lucerne hay and other silage supplements. The results from this 

experiment will be compared with other studies that have also examined effects on 

intake and growth when various energy and protein supplements were provided to 

animals fed low quality diets. In the following discussion estimated ME and protein 

requirements will be compared to the actual intakes and animal performance. The 

liveweight gain in the CSM supplemented group was greater than expected, and will 

therefore be discussed in detail in relation to that seen in the lucerne silage 

supplemented groups.   

  

Total DM intake differed significantly between diets (P<0.001) and the higher DM 

intake of L6 and L4 diets compared to L2 and CSM (P<0.05) was likely due to a 

faster rate of passage through the gut as the proportion of straw consumption 

decreased (Hunt et al. 1988; Abate and Melaku 2009). Hunt et al. (1988) observed a 

linear relationship between level of lucerne in the diets and DM intake when beef 

steers weighing 390kg were fed wheat straw supplemented with 0, 25, 50, 75 and 

100% lucerne hay. Haddad (2000) fed ewes weighing 54 kg on barley straw ad 

libitum supplemented with 150, 250 and 350g DM per day of lucerne hay and total 

DM intake and digestibility were both increased by the addition of lucerne hay. The 

increased total DM intake with increased level of lucerne silage supplement in the 

current experiment was likely to be associated with the intake of NDF and of rapidly 

digested nutrients. Intake of low quality forages is restricted by rate of passage, and 



 

 
 

51 

NDF intake is considered the limiting factor (Van Soest 1994). In the present study, 

the total DM intakes of CSM, L2, L4 and L6 diets were 13.0, 14.56, 18.2 and 

21.0g/kg LW respectively, giving calculated NDF intakes for CSM, L2, L4 and L6 

diets of 9.0, 9.1, 9.4 and 9.4 g/kg LW respectively, and did not differ significantly 

from each other. This supports the view that NDF intake is the primary factor 

determining intake and would explain the significant increases in total DM intake 

and decreased straw intake as the level of silage supplement increased from L2 

through L4 to L6. This would account for the observed higher total DM intake in L6 

and L4 compared L2 and CSM.  

 

Abate and Melaku (2009) observed increased DM intake of diets containing lucerne 

silage fed to young sheep weighing 16.4kg and proposed that it was due to the 

combination of higher total N and ME content which would increase digestibility 

and therefore rate of passage. In the present study the intake of ME and CP 

increased with rate of silage supplement and was higher for the L6 and L4 diets 

compared to L2 (Appendix 3.4 and 3.5) thereby providing more protein and energy 

to the rumen organisms for fermentation. The rate and extent of digestion would 

have been higher resulting in an increased rate of passage which in turn increased 

total DM intake.   

 

Basery and Campling (1989) reported a similar observation to the current 

experiment when yearling heifers weighing 288 kg were fed a basal diet of barley 

straw supplemented with 0, 1.14, 2.27 or 3.40kg of grass silage DM per day. As the 

level of supplementation increased then so did total DM intake while intake of 

barley straw was reduced. Use of forage supplements usually results in substitution 

of the basal feed. In a sheep study, Abate and Melaku (2009) reported a substitution 
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effect when urea treated barley straw was supplemented with 350 g DM/day of 

lucerne hay. This has also been found by Haddad (2000) and Hunt et al. (1988) in 

cattle studies. These studies demonstrated that substitution of low quality basal feed 

usually occurs when the forage supplement made up 25% or greater of the total DM 

intake.  

 

In the present study the proportions of lucerne silage in L2, L4 and L6 diets were 

414.2, 672.4 and 833.6 g/kg respectively which were higher than the minimum level 

suggested for forage substitution from the above studies. The observed decrease in 

barley straw intake with increasing level of lucerne silage supplementation would be 

related to the degree of rumen fill (Abate and Melaku 2009). Steers consumed their 

silage supplement first, and then consumed only as much straw as would take them 

up to the limit determined by total NDF intake. Therefore, the substitution of barley 

straw by lucerne silage supplement that was evident in the present study is 

consistent with previous reports. 

 

It is believed that the higher straw intake on the CSM diet compared to the lucerne 

silage diets may have been stimulated by the CSM supplement. Although there was 

no straw alone comparison in the current experiment, there is good evidence of such 

stimulation from previous reports. Smith and Warren (1986) reported that 

cottonseed meal pellets containing 410g CP/kg DM increased intake of oat stubble 

that had a CP content of 41g/kg DM from 372g/d to 556g/d when fed to lambs with 

mean liveweight of 32kg. In addition, McCollum and Galyean (1985) observed that 

the intake of prairie hay containing 61g CP/kg DM by steers was increased from16.9 

to 21.5 g/kg LW by cottonseed meal supplementation. The improvement in intake of 

low quality forages by N supplementation was proposed by Hennessy and Murison 
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(1982) as being due to increased N availability for rumen microbial activity. The 

straw used in this study had a CP content of 23.4 g/kg DM which is much lower than 

the level of 70g CP/kg DM considered the minimum requirement for ruminal 

fermentation in feeding standards (Freer et al. 2007); and also lower than a level 60-

80g CP/kg DM required for preventing the depression of either intake or 

digestibility (Van Soest 1994). The addition of CSM increased CP content to 106.2 

g/kg DM  compared to 23.4 g/kg DM for barley straw alone which would enhance 

microbial activity and improve the digestibility. Therefore, it is likely to have 

stimulated straw intake. 

 

Liveweight gain differed between dietary treatments (P<0.001). Liveweight gain on 

the silage supplemented diets was lowest on L2 and highest on L6 with L4 

intermediate. There was a clear linear trend for greater liveweight gain with 

increasing silage supplementation with non-significant differences between L4 and 

either L2 or L6. This is consistent with the higher protein and energy in the lucerne 

silage compared to the straw base component of the diets. Abate and Melaku (2009) 

reported higher liveweight gain in sheep supplemented with an increasing level of 

lucerne hay. In addition, Getachew et al. (1994) reported higher liveweight gain in 

sheep supplemented with the forage legumes Desmodium intortum and 

Macrotyloma axillare. In agreement with the results of the current study, 

Klopfenstein and Owen (1981) reported an increase in liveweight gain and DM 

intake of dairy cattle when crop residues were supplemented with lucerne hay. 

Therefore the increased total feed DM intake with increasing silage supplementation 

observed in the current study, resulting in increased liveweight gain, is consistent 

with previous studies. 
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Steers on the CSM diet had higher (P<0.05) liveweight gain in comparison to those 

on L2 and L4 diets, although ME and CP content were 6.8, 7.1 and 8.0 MJ/kg DM 

and 106.2, 97.5 and 144.0 g/kg DM for CSM, L2 and L4 diets, respectively. 

Therefore, the liveweight gain of the CSM supplemented steers indicated a better 

nutrient utilization of this diet than was expected based on the total nutrient intake. 

The better growth response was most likely due to greater efficiency of N utilization 

associated with CSM supplementation. Smith and Warren (1986) reported that a 

supplement of 800g/day of pelleted CSM given to steers with an average initial 

liveweight of 234kg and fed an oat stubble based diet increased growth rates from 

500 to 811g/steer/day. In addition, Hunt et al. (1989) reported that the liveweight 

gain of cattle, of 297 kg initial liveweight, was increased from 740 to 880g/steer/day 

when they were fed hay ad libitum supplemented with an 850g/day CSM. The 

improvement in liveweight gain of steers by protein supplementation was proposed 

by Freer et al. (2007) to be due to the increased efficiency of N utilization associated 

with a greater yield of microbial protein in the rumen. In the present study, although 

there was no straw only diet, steers on the CSM received 810g/day of the 

supplement with straw fed ad libitum (refer to figure 3.3) and grew at 485g/day 

which is consistent with above studies. The better liveweight gain of steers on the 

CSM diets is consistent with an increased efficiency of N utilization due to a greater 

yield of microbial protein in the rumen.  

   

The DM and ME intakes required for maintenance and growth for the steers in the 

current experiment were estimated using equations given by AFRC (1993). The 

means for actual DM and calculated ME intake compared to requirements are shown 

in Figures 3.3 and 3.4. The calculations for individual pens within diets for ME 

intake and requirements are shown in Appendix Table 3.4. The DM, and therefore 
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ME, intake of L6 silage diet was 4% higher than the estimated requirement for the 

observed growth while that of the L4 diet was 4% less than the required estimate 

and both results can be considered as essentially not different to estimated 

requirements.  However, the DM intake of CSM and L2 diets were 54% and 25% 

less than that required for growth.  

 

The estimated DM intake required for maintenance, as determined by the diet’s 

nutrient content and the average animal liveweight of initial and final weight, was 

higher on the CSM diet compared to the silage supplemented diets, and was 

gradually decreased from L2 to L6 diets (Figure 3.3 and Appendixes 3.1, 3.3 and 

3.4). Similarly, the predicted DM intake for growth requirement was higher on the 

CSM diet when compared with the silage supplemented diets. An apparent 

inconsistency in the predicted DM intake requirements, as shown in Figure 3.3, is 

the lower DM intake requirement for L4 compared to the L2 diet. This occurred due 

to a combination of factors: the liveweight gain on L4 was less than the average on 

L2 and L6, the ME content of L4 relative to L2 and L6, and marginally lower MEm 

requirements of L4 compared to L2.  
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Figure 3.3. Actual DM intake and predicted requirements for maintenance and for 
growth (including maintenance) for the liveweight gain observed in steers fed ad 
libitum barley straw supplemented with CSM or 1.9, 3.9 and 5.8 kg of lucerne silage 
(L2, L4 and L6).   

 

The steer liveweight gains observed on CSM and L2 are not explained by the DM 

and ME intake compared with the predicted requirements for maintenance and 

growth. The explanations of these results appear to be in the protein metabolism as 

discussed below.    
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Figure 3.4. Mean daily ME intake and predicted requirements for maintenance and 
growth for the liveweight gain observed in steers fed ad libitum barley straw 
supplemented with CSM or 1.9, 3.9 and 5.8 kg of lucerne silage (L2, L4 and L6).   

 

Effective rumen degradable dietary protein (ERDP) requirements and microbial 

crude protein (MCP) yield (y) are estimated from the fermentable ME (FME) 

content of the diet (ARFC 1993). The rumen digesta fractional outflow rate per hour 

(r) and c (fractional rumen degradation rate per hour of the b fraction of feed N with 

time), the slowly degradable protein (SDP) and quickly degradable protein (QDP), 

digestible un-degraded protein (DUP) requirement and supply, and metabolisable 

protein requirement (MPR) and supply (MPS) are calculated by using the equation 

given by AFRC (1993) and are presented in Appendix 3.2 and Appendix 3.6. It can 

be seen in Figure 3.5 that the levels of ERDP supply were in excess of requirement 

for all the diets. There were small surpluses of 11.5g/day and 36.3g/day in the CSM 

and L2 diets, respectively, whereas there were large surpluses in the L4 and L6 diets 

of 227.9g/day and 283.8g/day respectively. MP supply was in excess of requirement 

for all the diets. The CSM and L2 diets had only small surpluses of MP of 2.4g/day 
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and 56.9g/day, respectively, whereas they were 170g/day for L4, and 261.7g/day for 

L6 diets. 
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Figure 3.5. Estimated availability of effective rumen degradable protein (ERDP), 
metabolisable protein (MP) and predicted requirements for the liveweight gain 
observed in steers fed ad libitum barley straw supplemented with CSM or 1.9, 3.9 
and 5.8 kg of lucerne silage (L2, L4 and L6).  

 

The strong linear trend for an increase in liveweight gain with level of silage 

supplementation was consistent with the estimated increase in ME and MP supply; 

though the growth rate on L2 was noticeably higher than predicted for that level of 

intake on the silage diet. The strong linear trend and the growth response on L2 may 

indicate that the response curve for this group of animals was slightly different than 

the standard AFRC (1993) response curve. Alternatively, given the low divergence 

between intake and requirement for L4 and L6, it may indicate a comparative 
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efficiency advantage to L2. It is not possible to determine if either possibility is 

correct from this experiment. 

 

The growth rate on the CSM diet compared to the lucerne silage supplemented diets 

indicated better nutrient utilization efficiency; most likely due to better ruminal 

fermentation caused by improved synchrony of nitrogen supply enabling the steers 

to more efficiently digest the straw. The degraded protein fraction in the silage 

would have been rapidly degraded in the rumen. Since the silage was generally 

consumed first, the energy available from the straw consumed later would be 

delayed, altering the synchrony of energy and nitrogen utilization for rumen 

microbial protein synthesis compared to CSM. Thus, it is suggested, that the ability 

of animals to grow faster or slower than predicted based on nutrient availability may 

have been due to differences in protein metabolism between diets.  

 

3.5 Conclusions 

The results showed that total DM intake increased with increasing level of lucerne 

silage supplement, consistent with the lower NDF content of lucerne silage. The 

decreasing intake of barley straw was due to partial substitution related to degree of 

rumen fill as the increasing proportion of silage limited the intake of straw.  

 

Liveweight gain increased with level of lucerne silage supplementation i.e. total DM 

and nutrient intake, in an apparently linear response. However, given the observed 

growth rate on L2, further research is justified to determine the response to low 

levels of lucerne silage supplementation when cattle are fed low quality roughage 

diets. This research should also determine if current feeding standards accurately 

predict the growth rate response curve to feeding lucerne (or another legume) silage. 
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It is likely barley straw intakes on the CSM supplemented diet were stimulated by 

the additional N which would enhance microbial activity and improve digestibility. 

The better than expected growth response to the CSM diets was most likely 

associated with an increased efficiency of N utilization due to improved synchrony 

between N supply and FME availability leading to a greater yield of microbial 

protein in the rumen. 

 

Both intake and liveweight gain were significantly impacted by the diets suggesting 

differences in digestibility and thus FME available for microbial protein synthesis.  

 

The in vivo digestibility of these diets was examined in a second, concurrent 

experiment which is the subject of the following chapter. 
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Chapter 4 

EXPERIMENT  2 
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4.1 Introduction  

The previous experiment showed that supplementing barley straw with lucerne 

silage improved total dry matter intake, and increased liveweight gain in steers. This 

experiment, using similar steers, was designed to test the hypothesis that 

supplements of cottonseed meal (CSM) and various levels of lucerne silage may or 

may not affect digestibility of barley straw based diets. Supplements were consistent 

with the previous experiment. The design of the experiment allowed the comparison 

of effects between supplements as well as examination of possible associative 

effects between the supplements and the barley straw base.  

 

4.2 Methods and materials 

This experiment was conducted concurrently with Experiment 1 (Chapter 3) to add 

to investigations on intake and growth rate by examining the digestibility of the 

diets. Mixed diets of barley straw with CSM and lucerne silage supplements were 

calculated to provide similar proportions in the diet to predicted consumption of the 

CSM, L2, L4 and L6 treatments in Experiment 1. In addition to those treatments, 

both barley straw and lucerne silage were fed as sole diets so that the effects of the 

supplements could be determined. Thus there were 6 diet treatments: barley straw, 

barley straw plus CSM, barley straw plus 3 levels of lucerne silage, and lucerne 

silage alone. These are referred to as BS, CSM, L2, L4, L6 and LS respectively from 

here on. The diets were offered at a restricted rate during the periods of digestibility 

estimation.  
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4.2.1 Animals 

Six steers from each of the same 2 sources of similar age (12 months) as for 

Experiment 1 were used in this experiment, having a range in liveweight of 283 to 

367 kg at the start of the first feeding period (Appendix Table 4.1). All animals 

received the same health and pre-experimental treatments as in Experiment 1:- ear 

tagged, drenched with Fasinex®, vaccinated with Avomec®, and 7 in 1 and treated 

with Tiguvon® for external parasites. Steers were weighed at the start and finish of 

each period of determination of digestibility. The steers were housed in individual 

pens (approximately 2.4m long x 1.2 m wide) in an animal house during the course 

of this experiment. The pens had been designed to allow for the collection of faeces. 

During the adaption period steers were able to move freely and turn around, 

however during the digestibility period steers were tethered to restrict movement in 

order to avoid loss of faeces (see Plates 4.1 and 4.2). 

 

    

Plates 4.1 and 4.2. Steers housed in individual pens for digestibility measurement. 
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4.2.2 Design 

The experiment was conducted over 54 days, which was divided into 3 equal periods 

of 18 days, during which data were collected to estimate digestibilities. The diets 

were allocated to steers in a partial changeover design. Within each period, each of 

the 6 diets was given to 2 steers, one from each source group, and each steer 

received a different diet in each of the 3 consecutive periods. The allocation of steers 

to different diets in consecutive periods was done in a pattern that provided the 

maximum combination of diet sequence. Thus, over the 3 periods, there were to be 6 

estimates of digestibility for each of the 6 diets and 3 digestibility estimates to be 

obtained from each steer. The exception to this was diet LS where digestibility was 

not determined in the first period because of an error in the amount fed. 

Consequently there were only 4 estimates of digestibility for the LS diet and two of 

the steers provided only 2 estimates. Allocation of steers from the 2 sources to diet 

treatments and pens for the 3 periods of digestibility determinations is shown in 

Appendix Table 4.1. 

 

4.2.3 Feeding and weighing 

Steers were fed once daily at approximately 0800. Care was taken to discard any 

aerobically spoiled silage during diet preparation. At the beginning of each period 

there was a 9 day adaptation phase which included 7 days feeding ad libitum and 2 

days at the restricted rate of 16.5g DM /kg LW (predicted true diet DM basis) based 

on weight taken on the 8th day. Weighing was done in the morning, prior to feeding. 

The steers were then fed their treatment diets (at the appropriate restricted rate) for 9 

days during which digestibility were determined. Digestibility was determined over 

7 days with a 24 hour lag time between days feeding and faeces collection. Hence 

the final faeces collection occurred on the morning of day 9. Animals were weighed 
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again at the conclusion of the period to determine average liveweight during the 

period of digestibility measurement. The level of intake restriction of 16.5g DM/kg 

LW was expected to be close to maintenance for lower digestibility diets and above 

maintenance for higher digestibility diets. Previous experience at the institute used 

for the current experiment has shown that a feeding level of 16.5 g/kg LW is suitable 

for diets covering a range of digestibilities. In the interests of using uniform 

procedures to measure in vivo digestibility it was considered desirable to maintain 

all animals at the same level of DM intake relative to liveweight. The nutrient 

characteristics for the various components of the diets are shown in Table 4.1, with 

the quantities offered and consumed shown in Table 4.2. 

 

4.2.4 Digestibility runs 

Samples (approx. 1 kg) of fresh silage and straw were taken daily while feeds were 

weighed out for the various diets. These fresh samples were bulked over the period 

of the digestibility run and frozen. Individual steer refusals and faeces were collected 

each morning prior to feeding, weighed and sub-sampled (approx. 10% of total) and 

frozen. Faeces and refusals samples were frozen over the 7 day collection period. At 

the completion of each digestibility run, faeces and refusals samples were removed 

from the freezer and allowed to thaw and bulked. During the digestibility runs, trays 

were placed under the feed boxes to collect any dropped feed, to ensure accurate 

estimates of intake for calculations of digestibility.  

 

4.2.5 Sample processing and analysis  

After the completion of each run, trays were removed and all dropped feed was dried 

at 80°C in a fan forced dehydrator to determine total dry weight. This usually meant 

drying dropped feed for up to 3 days at 80°C, dependant upon how much water had 
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spilled into the tray over the period of the run from the water troughs above. 

Following extensive mixing to ensure uniformity, sub-samples of feed offered, 

faeces and refusals were taken in duplicate and dried (80°C for 24 hours for offered 

and refusals, 48 hours for faeces) to determine DM content. Portions of these 

samples were then ground through a 1 mm screen and retained for later analysis.  

 

Predicted in vivo digestibility for the dried offered silage and straw, dropped feed 

and refusals samples were determined by using the same modified Tilley and Terry 

(1963) technique as in Experiment 1. Predicted in vivo digestibility of the CSM was 

determined using the Pepsin/cellulase technique as in Experiment 1. Samples of the 

previously dried and ground straw, silage and CSM were analysed to determine 

organic matter, acid detergent fibre (ADF) and neutral detergent fibre (NDF) content 

and nitrogen (N) content of barley straw and CSM, using the same methods as in 

Experiment 1. Total N and ammonia N (NH3-N) content of the silage was 

determined on undried samples that had been stored frozen at -20°C, also using the 

same methods as in Experiment 1. 

 

Calculations 

Digestibility was calculated using the SCA (1990) equations as follows: 

DMD = (Feed DM – Faeces DM)/ Feed DM 

OMD = ((feed DM-feed ash) – (faecal DM – faecal ash))/ (feed DM – feed ash) 
 
DOMD = ((feed DM – feed ash) – (faecal DM – faecal ash)) /feed DM 
 

Predictions of ME values for components of the diets were based on in vitro 

digestibility results  and calculated using the equations given in AFIA (2009). 

 Silage ME (MJ/kg DM) = 0.16 DOMD (%) 

 Barley straw ME (MJ/kg DM) = 0.203 DOMD (%) - 3.001 
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 CSM ME (MJ/kg DM) = 0.858 + 0.138 DOMD (%) + 0.272 EE (%) 

ME and DOMD for barley straw, lucerne silage and CSM were expressed on an 

ODM basis. 

 

The ME content of the dropped feed and refusals was determined and used to correct 

for actual diet consumed. It was presumed that if the ME content of the dropped feed 

or refusal was less than 6 it was composed entirely of straw; whereas if it was 

greater than 6, then it contains both straw and silage. If the latter, then the proportion 

of straw and silage in the dropped feed or refusal could be calculated. The diet 

offered was then corrected for this to determine diet consumed. The ME and CP 

content of diets consumed were then calculated. 

 

The estimations of ERDP (requirement) and FME in the diets were calculated using 

same equations as shown in Experiment 1. However, the prediction of ERDP 

available from the individual components in this experiment could not be estimated 

in the same way as in Experiment 1, since the intakes here were restricted and 

liveweight gains could not be assessed. 

 

Therefore, based on the diet ME content and observed level of intake, the level of 

feeding (L) as a multiple of maintenance was predicted to be below 1 i.e. ME intake 

was sub-maintenance for BS, L2, L4 and CSM diets in this experiment. This would 

have resulted in a low rumen outflow rate (r<0.02) for these diets in this experiment 

and did not allow the prediction of ERDP using a varying outflow rate (AFRC 1993) 

as in experiment 1. Therefore, the standard RP2 value ([ERDP] (g/kg DM) for r = 

0.02) of barley straw, lucerne silage and cotton seed meal (AFRC 1993) was used to 

estimate the ERDP available.  
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4.3 Statistical analyses 

Data were analysed for differences between treatments in DOMD, OMD and DMD. 

Differences in ME intake and ERDP balance (available – requirement) were also 

examined.  All data were analysed using the linear mixed models (REML) directive 

within Genstat (Edition 13, VSNI, UK) with diet as the fixed effect and digestibility 

run, animal source and individual animal as random effects in the model. Intakes 

(g/kg LW) were used as covariates in the model where appropriate (Urquhart 1982).  
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4.4 Results 

The composition of the barley straw, lucerne silage and CSM are shown in Table 4.1.  

Analyses of the ammonia content of the silage gave an estimate of < 2%, as for 

Experiment 1, again indicating no problem with quality due to initial production or 

preservation. The diets were formulated to offer similar proportions of straw and 

supplement as predicted consumption in Experiment 1 (Chapter 3). Details of the 

feed offered and consumed for the various diets are shown in Table 4.2. Comparison 

showed the proportions of straw in the diet consumed here were 83 vs 81g/kg LW in 

Experiment 1 for the CSM diet, 58 vs 59g/kg LW for the L2, 33 vs 33g/kg LW for 

the L4, and 23 vs 17g/kg LW for the L6. Thus they were all in very close agreement 

except for the L6, which was only 6 percentage units different. 

Table 4.1. Dry matter content and nutrient characteristics of the barley straw, 
cottonseed meal (CSM) and lucerne silage components of the diets estimated using 
the methods of AFIA (2009).  

 Feed type 

Nutrient component Barley straw Lucerne silage CSM 

Oven dry matter content (g/kg) 893.8 422.8 930.0 

Organic matter content (g/kg DM) 924.0 916.3 930.0 

Neutral detergent fibre (g/kg DM) 820.0 413.3 200.0 

Acid detergent fibre (g/kg DM) 530.0 323.3 140.0 

Digestible organic matter, DM basis 
(g/kg DM) 

433.0 590.0 740.0 

Metabolisable Energy content 
(MJ/kg DM) 

5.8 9.4 11.9 

Crude protein content (g/kg DM) 24.2 196.7 460.0 
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Table 4.2. Average daily feed offered and consumed for the totals and components of the diets. Data are shown on a per head basis as well as based on 
liveweight (LW).  Treatment mean LWs also shown. 

Feed offered Feed consumed 

kg DM/day 
Proportion of diets  

(g/kg) 
kg DM/day 

Proportion of diets 
(g/kg) 

Total 
intake 

(g/kg LW) 

Diet* 

Mean LW 
(kg) 
(±se) 

Silage Straw CSM Total Silage Straw CSM Silage Straw CSM Total Silage Straw CSM  

BS 323 (29.9) 0 4.46 0 4.46 0 1000 0 0 3.51 0 3.51 0 1000 0 10.81 

CSM 334 (22.0) 0 4.51 0.79 5.30 0 851 149 0 3.73 0.79 4.51 0 826 175 13.53 

L2 332 (26.7) 1.81 3.22 0 5.03 360 640 0 1.81 2.49 0 4.30 422 578 0 12.86 

L4 327 (27.9) 3.16 2.14 0 5.30 597 403 0 3.15 1.58 0 4.73 666 334 0 15.55 

L6 333 (22.9) 4.03 1.26 0 5.29 762 238 0 3.96 1.15 0 5.11 775 225 0 15.33 

LS 333 (15.8) 5.16 0 0 5.16 1000 0 0 5.05 0 0 5.05 1000 0 0 15.19 

There was a significant effect of diet on daily intake of total dry matter (kg) P=0.004, l.s.d.(P<0.05) = 0.868  
and on a liveweight basis (g/kg LW) P<0.001, l.s.d.(P<0.05) = 2.168 

* Diet :- BS - barley straw only; CSM - barley straw plus CSM; L2, L4, L6 -  barley straw plus varying levels of lucerne silage; LS - lucerne silage only. L2, 4 and 6 
formulated to supply similar proportions of silage and straw as consumed in the diets in the previous experiment
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The dry matter intake of all the diets was less than the total offered, even though the 

amounts offered were at the restricted level of 16.5g/kg LW. The difference was a 

combination of dropped feed and refusals. As might be expected, there were much 

greater differences between amounts offered and consumed (apparent refusals) for 

the straw component of the diets compared to silage. The trend for the proportions 

of consumed to offered to be greater for the CSM and silage components compared 

to the straw was consistent over diets. 

 

There was a significant effect due to diet in average daily DM intake, on a per head 

basis (P = 0.004), as well as that based on liveweight (P<0.001), as shown in Table 

4.2. Intake of the BS diet was lower than all others (P<0.05) on a per head basis, and 

lower than all but the L2 diet on a liveweight basis (P<0.05). Intake per head did not 

differ significantly among the silage supplemented diets however intake of the L2 

diet (liveweight basis) was lower than for L4, L6 and LS diets (P<0.05). Both 

measures of intake of the CSM diet were greater than for BS (P<0.05), but did not 

differ significantly from others.  

 

There were significant differences due to diet for in vivo DMD, OMD and DOMD 

digestibility (P<0.01), as shown in Table 4.3. The BS diet showed the lowest values 

and the LS diet showed the highest for all estimates. The lower values for the BS 

diet were significantly different (P<0.05) to all others for all estimates. The values 

for the LS diet was significantly higher (P<0.05) than all others for OMD, and for 

all except the L6 diet for DMD and DOMD. The estimates for the CSM diet did not 

differ significantly (P>0.05) from any of the silage supplemented diets, but were 

lower (P<0.05) than for the LS diet and higher (P<0.05) than for BS.   
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Table 4.3. Mean predicted in vivo digestibilities (DMD, OMD and DOMD) a for 
barley straw (BS), barley straw supplemented with cottonseed meal (CSM) or with 
increasing rates of lucerne silage (L2, L4 and L6)b, and lucerne silage (LS). 

Diet Digestibility 
estimate BS CSM L2 L4 L6 LS 

P 
value 

l.s.d (0.05) 

DMD 0.508 0.582 0.559 0.580 0.597 0.642 0.002 0.0470 

OMD 0.529 0.593 0.582 0.590 0.607 0.658 0.007 0.0507 

DOMD 0.487 0.549 0.537 0.542 0.557 0.604 0.009 0.0472 

a DMD - dry matter digestibility; OMD - Organic matter digestibility; DOMD - digestible 
organic matter (DM basis). 
b L2, L4 and L6 formulated to supply approximately similar proportions of silage and straw 
as consumed in the diets in the previous experiment (Chapter 3). 
 

The DMD, OMD and DOMD estimates for the BS and the silage supplemented diets 

are shown in Figures 4.1, 4.2 and 4.3. The differences between the L2, L4 and L6 

diets were not statistically significant (P>0.05), but there was an obvious trend for a 

linear increase for all estimates of digestibility with increasing proportions of silage 

in the diets.  
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Figure 4.1. Estimated dry matter digestibility (DMD) as affected by increasing 
proportions of silage in the diet (BS, L2, L4, L6 and LS).  
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Figure 4.2. Estimated organic matter digestibility (OMD) as affected by increasing 
proportions of silage in the diet (BS, L2, L4, L6 and LS). 
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DOMD = 0.4847 + 0.000106 x Silage Proportion
r2 = 0.9273
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Figure 4.3. Estimated digestible organic matter on DM basis (DOMD) as affected 
by increasing proportions of silage in the diet (BS, L2, L4, L6 and LS). 

 

Expected values (Table 4.4) for the L2, L4 and L6 diets were calculated based on the 

proportions of straw and silage consumed and using the digestibility values obtained 

for the straw (BS) and silage (LS) alone diets. Over all diets and for all digestibility 

estimates (DMD, OMD and DOMD), except for the L2 DOMD, the observed values 

were lower than the expected values though the differences were small. Thus, there 

was no indication of an associative effect on digestibility between the straw and 

silage components.  
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Table 4.4. Comparison of expected and observed digestibility (DMD, OMD and 
DOMD)a values for L2, L4 and L6 dietsb, based on proportions of straw and silage 
components. 

              DMD              OMD               DOMD 

Diet Expected Observed Expected Observed Expected Observed 

L2 0.564 0.559 0.583 0.582 0.536 0.537 

L4 0.597 0.580 0.615 0.59 0.565 0.542 

L6 0.612 0.597 0.629 0.607 0.578 0.557 

a DMD - dry matter digestibility; OMD - Organic matter digestibility; DOMD - digestible 
organic matter (DM basis). 
b L2, L4 and L6 formulated to supply approximately similar proportions of silage and straw 
as consumed in the diets in the previous experiment (Chapter 3). 
 

Table 4.5 shows the values calculated for daily ME and CP intake and the ERDP 

balance. There were significant differences (P<0.001) due to treatment for all 

parameters. Within the straw and silage combination diets, ME intake for L6 and L4 

diets were similar. They were significantly higher (P< 0.05) than the L2 diet, and 

lower (P< 0.05) than for LS which had the highest overall. The lowest (P<0.05) 

intake was for the BS diet. ME intake of the CSM diet was significantly higher (P< 

0.05) than the BS diet, similar to the L2 diet, but significantly lower (P< 0.05) than 

the remaining diets.  

 

As for ME, CP intake was lowest for the BS diet and highest for the LS. CP intake 

for the straw and silage combination diets increased with level of silage, with 

significant differences (P<0.05) between all levels. CP intake for the CSM diet was 

significantly higher (P<0.05) than for the BS diet, similar to the L2 diet, but was 

significantly lower (P<0.05) than the remaining diets. 

 

There was a significant effect of diet on ERDP balance (P<0.001). ERDP balance 

increased with increasing silage supplementation, showing significant differences 

between all levels (P<0.05). ERDP balance in the BS diet was negative (-50.1g/d) 
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and was significantly different (P<0.05) to all other diets which had positive ERDP 

balances. ERDP balance for the CSM diet was similar to the L2 diet, but was 

significantly (P<0.05) less than L4, L6 and LS diets. The ERDP balance on L6 was 

higher (P<0.05) than L4 and lower (P<0.05) than for the LS diet which had the 

highest ERDP balance.  

 

Table 4.5. Estimated daily metabolisable energy (ME) and crude protein (CP) intake, 
and balance of effective rumen degradable dietary protein (ERDP available – 
requirement) for the various diets.  

Diet ME (MJ/d) CP (g/d) ERDP Balance (g/d) 

BS 21.0 95.2 -50.1 

CSM 31.5 452.3 90.0 

L2 30.8 411.7 103.0 

L4 40.6 667.9 205.0 

L6 43.7 802.7 277.2 

LS 49.3 998.9 375.0 

P value <0.001 <0.001 <0.001 

l.s.d.(0.05) 4.18 45.29 20.36 

 

4.4 Discussion 

The components of the diets offered were calculated to be as close as possible to the 

proportions consumed in Experiment 1, and the amounts offered (16.5g DM/kg LW) 

for the determination of digestibility were intended to be close to maximum intake 

and maintenance level of feeding for the lower quality forages. Despite this, there 

were considerably lower amounts consumed than expected, with 21% of the BS diet 

and 11 – 15% of the L4, L2 and CSM diets not eaten. Only the L6 and LS diets were 

mostly all consumed with 4 and 2% apparent refusals respectively. The contribution 

of spillage was minimal. The lower amounts consumed were mostly due to refusal 

of the straw component since only very small amounts of silage were not eaten (2% 

or <). In the L6 diet, 9% of the straw offered was refused compared to 23 and 26 % 
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of that offered in the L2 and L4 diets. The refusal of straw may have been related to 

the fact that it was fed loose in long form, compared to being offered from ring 

feeders in Experiment 1, where, although still long, they could bite off more 

acceptable sized pieces from the bales. 

There was a clear trend of increasing proportion of total diet consumed as the 

proportion of straw decreased. This suggests an effect due to palatability but there 

may be several factors involved, including the one above. When the intakes were 

calculated on a liveweight basis, there was a similar pattern of increase with 

decreasing proportion of straw. 

 

The daily dry matter intakes were higher in the LS, L6, L4 and CSM diets compared 

to BS, while L2 did not differ from any diet. The DM intake based on liveweight 

was greater in LS, L6, and L4 diet compared to BS diet and L2 diets; CSM was 

higher than BS and did not differ from the other diets. Thus both estimates of intake 

were increased in the supplemented diets compared to the control with the increase 

in the L2 just failing to reach significance. 

 

The variation in intake between the diets may be related to the differences in nutrient 

content, as shown in Table 4.6. Higher intakes could result from better availability 

of both ME and CP by improvement of rumen fermentation, which could be 

considerably restricted by the higher straw content of the L2 and BS diets. The 

intake of the CSM diet may have been limited by ME deficiency, but the trend for 

higher straw intake compared to the BS diet may have resulted from a stimulation in 

cell wall carbohydrate utilization in the rumen following supplementation with 

additional nitrogen. Total intakes of LS, L6 and L4 diets were consistent with the 

ME, CP intake and ERDP balance for these diets, and the higher rates of lucerne 
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silage in the diets would also be expected to provide an improvement in feed 

palatability (Basery and Campling 1989). There may also have been some variation 

in the way that different animals adjusted to the changeover of diets between 

periods, despite having a 9 day adjustment phase. 

  

The results of this experiment showed significant differences in digestibility 

between diets. As expected the straw and silage only diets had the lowest and 

highest digestibility, respectively. Digestibility of diets was improved with the 

addition of supplementation, as compared to the straw alone diet. Although the 

differences in digestibility between the supplemented diets were not significant, 

there was a clear trend for improvement with increasing level of silage.   

 

The high fibre content of straw reduces its nutritive value by restricting the total 

digestible nutrients and net energy (Van Soest 1994). The microbes in the rumen 

require increasing amounts of fermentable energy to metabolise higher proportions 

of fibre in the diet (Freer et al. 2007), which cannot be met by low quality straw. In 

addition, the lower digestibility for the BS diet as compared to the treatments with 

lucerne silage and CSM supplementation may also be explained in part by lower CP 

content of barley straw. Straw in the present study contained only 24.2 g CP/kg DM, 

which was lower than the average value of 42 g CP/kg DM for barley straw given by 

AFRC (1993). This is also less than the value of 70 g CP/kg DM considered by 

Freer et al. (2007) as the minimum required for adequate rumen fermentation, and 

that of 60-80 g CP/kg DM proposed by Van Soest (1994) as the requirement for 

preventing the reduction of either intake or digestibility. Therefore, the steers 

receiving no supplement probably obtained insufficient ruminally degradable N to 
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meet the requirements of microbial activity in the rumen, and consequently the rate 

of digestion of fibre would be reduced (Lee et al. 1985).  

 

CSM supplementation improved digestibility when compared to the straw only diet 

in this experiment. This result is consistent with the study of Sudana and Leng 

(1986) who reported that the dry matter digestibilty of wheat straw (2.5% CP) was 

incresed from 42.7% to 47.1% when steers were supplemented with CSM. 

Similarly, McCollum and Galyean (1985) reported that in vitro dry matter 

disappearance was higher for steers fed CSM supplemented prairie hay (6.1% CP) 

compared to the control group (53.5% v 49.9%). Hunt et al. (1989) observed an 

increase in NDF (43.5% v 40.8%) and ADF (36.7% v 33.8%) in situ disappearance 

when steers were fed grass hay (6.6% CP) supplemented with CSM. It was 

concluded from both studies that increased rumen ammonia levels caused by 

additional CSM may have alleviated an N deficiency for the rumen microbes, 

resulting in an increase in digestibility. In the present study an increase in 

availability of nitrogen due to CSM supplementation was predicted by the 

calculation of greater ERDP balance and digestibility compared to the straw only 

diet. Hunt et al. (1989) proposed that additional CSM improved ruminal 

fermentative activity by providing readily fermentable energy and thus more active 

digestion of the fibre present in the low quality forage component of the diet. In the 

present study, higher digestibility of the CSM supplemented straw diet as compared 

to the straw only diet was likely to have been caused by increased availability of CP 

and relatively higher fermentable ME.  

 

The clear linear trend of increasing digestibility with increasing level of silage 

supplement reflected the large differences in digestibility of the straw and silage 
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components (50.8% versus 64.2%). There are few previous studies using silage 

supplements for low quality diets, but responses to hay supplements provide useful 

comparison. Haddad et al. (2000) observed that DMD and OMD increased linearly 

when adult sheep were fed barley straw supplemented with 150, 300 and 450g/ d of 

lucerne hay. In this experiment the barley straw contained 4.6% CP compared with 

17.8% for the lucerne hay. Hunt et al. (1988) fed wheat straw diets containing 4.5% 

CP and reported that DM digestibility increased with level of supplementation when 

steers were given lucerne hay containing 16.6% CP as 0, 25, 50, 75 and, 100% of 

the diet. Similarly, Bhatti et al. (1988) also reported that rate of DM disappearance 

increased linearly when beef cattle were fed grass hay with a CP content of 7.4% 

were supplemented with 0, 25, 50 and 100% of lucerne hay containing 18.4% CP. 

Thus, the trend observed in the present study for increasing digestibility with 

increasing silage supplementation, is consistent with the above reports using lucerne 

hay supplements. The lack of statistical significance between increasing levels of 

silage seen here was likely due to the small numbers and the variation between 

animals for estimates of the same diet.  

 

Bird et al. (1994) proposed an effect of lucerne supplements on rumen function 

might be related to better supply of nutrients by having more easily digestible 

substrates for cellulolytic bacteria. In the present study, the effect of digestibility due 

to silage supplementation is consistent with the increases in ME intake and ERDP 

balance shown in Table 4.5. Both of these indicators of diet quality would be 

expected to improve digestibility with increasing level of silage in the diets (Haddad 

2000).  
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4.5 Conclusions 

This experiment has shown that the digestibility of the straw based diet was 

increased by supplementation with either lucerne silage or CSM. An effect of these 

supplements would be to alter the populations of the different rumen bacteria 

(Capper et al. 1989) in response to improved activity. Lucerne silage supplement 

would have increased the available nitrogen and readily fermentable carbohydrate 

which would have enhanced the proliferation of cellulolytic microbes (Bird et al. 

1994), resulting in improvement of rumen fermentation. CSM supplementation 

would increase the nitrogen supply to the microorganisms by providing additional 

rumen degradable protein. There was no indication of an associative effect of silage 

supplements on digestibility measures in this experiment. Whilst the differences due 

to increasing percentage of silage in the diet were not significant, estimations 

indicated that DMD, OMD and DOM increased with increasing proportion of silage 

in the diet, with an obvious trend for a lineal increase. 
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Chapter 5 

GENERAL  DISCUSSION 
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The two experiments conducted in this study have examined the effects of 

supplementation of barley straw diets with lucerne silage when fed to steers on their 

intake and growth rate, and the utilization of the diets as measured by digestibility. 

The first experiment established that both total DM intake and the resulting growth 

rate could be enhanced by supplementation with lucerne silage, and there was a clear 

trend for improvement with increasing rates of the silage. In that experiment CSM 

was a component of the control diet. In the second experiment, examining 

digestibility, the lucerne silage treatments were repeated, and CSM was able to be 

evaluated as a supplement against a barley straw only diet; a lucerne silage only diet 

was also included in this experiment. The measurement of digestibilities of the 

components and total diets in the second experiment demonstrated the large 

differences between the straw base and those of the silage or CSM supplemented 

mixed diets. In all cases, the addition of supplement (or feeding silage alone) 

improved digestibility, which was consistent with the improvements in intake and 

growth rate found in the first experiment. There was no evidence of an associative 

effect of the silage supplement on the utilization of straw where it could be 

evaluated by digestibility in Experiment 2. 

 

Experiment 1 showed a linear relationship such that total DM intake, intake on a 

liveweight basis and liveweight gain increased (P<0.05) as level of lucerne silage 

supplementation increased. These results are consistent with the studies of Hunt et al. 

(1988) and Haddad (2000) where they used lucerne hay as supplement for low 

quality roughage. They observed that the DM intake and digestibility both increased 

linearly when straw diets were supplemented with increasing levels of lucerne hay.  
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In Experiment 2 digestibility increased with level of silage in the diet across the 

range from 0 to 1000 g/kg, although the digestibility of the silage supplemented L2, 

L4 and L6 diets, which were intermediate, did not differ significantly from each 

other. Indeed the digestibility of BS was lower than for all other diets and the 

digestibility of LS was higher than for all other diets except for DMD and DOMD of 

the L4 diet. Again these results are consistent with the studies of Hunt et al. (1988) 

and Haddad (2000) who reported a linear increase in the digestibility of straw with 

increasing levels of supplementation with lucerne hay.  

 

In the current experiments the increase in DM intake and digestibility with increased 

level of lucerne silage supplementation appears due to improved diet quality. This 

would be supported by the estimated ME and CP content which increased with level 

of silage, and NDF content which was decreased with increased level of silage.  

 

The intake of CSM diets was very low reflecting the low quality of the diet; 13.03 

and 13.53 g/kg liveweight, in Experiments 1 and 2 respectively. The intake of BS 

diet alone in Experiment 2 was even lower than CSM at 10.81 g/kg liveweight. In 

Experiment 1 the DM intake of the CSM diet was significantly less than L4 and L6, 

but not different to L2 diet in both experiments whereas the digestibility of CSM 

diet was similar to all the lucerne silage supplemented diets in Experiment 2. This 

would indicate that digestibility per se was not the primary determinant of intake 

further supporting the observation in Experiment 1 that NDF was the primary 

limitation to total intake.  

 

Liveweight gain of steers on the CSM diet was significantly (P<0.05) higher than L2 

in Experiment 1 even though estimated diet ME and CP content and DM intake were 
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similar, as was digestibility as determined in Experiment 2. When compared to L4 

liveweight gain on the CSM diet was higher (P<0.05), though the difference was 

less, and diet ME and CP content were higher, as was DM intake (P<0.05). Again 

there was no significant difference in digestibility in Experiment 2. When compared 

to L2 the steers fed the L4 diet had higher intakes (P<0.05) and diet ME and CP was 

higher, however there was no significant difference in either digestibility or 

liveweight gain. The liveweight gain on L4 was however numerically higher than 

for L2 (0.227 vs 0.064 kg/day). The large variation between animals (within 

treatments) in liveweight gain may be the reason for lack of significant differences 

between treatments. L6 had the highest (P<0.05) liveweight gain of all the silage 

supplemented diets, and the highest intake (P<0.05) of all diets in Experiment 1. 

Estimated ME and CP content was also higher than for all other diets but 

digestibility did not differ from CSM.  

 

When considering the liveweight gain, intake and estimated ME and CP content of 

the diets fed in Experiment 1 they all increased with level of silage supplementation 

without any difference in apparent digestibility as estimated in Experiment 2. This 

suggested the increased liveweight gain with increasing level of silage 

supplementation was due to higher DM intake and thus nutrient availability rather 

than increased digestibility. However, as indicated previously, digestibility increased 

as silage content increased from 0 to 1000 g/kg. Since both digestibility and intake 

determine liveweight gain, the lack of significant difference in digestibility between 

the lucerne silage supplemented diets must have been due to the magnitude of the 

error around the estimates since the differences in observed digestibility were 

numerically small. 
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The control diet containing CSM was able to sustain the highest liveweight gain, 

similar to L6, with the lowest diet quality and intake in Experiment 1. The addition 

of cottonseed meal would have increased the nitrogen supply to rumen 

microorganisms as has been demonstrated by Capper et al. (1989) and Hunt et al. 

(1989). The improved straw digestibility due to CSM observed here is likely due to 

the combination of increased N availability and synchrony of supply. However CSM 

increased (P<0.05) digestibility compared to straw only diets but not silage 

supplemented diets here. Thus the cause for the high growth rate on the CSM diet 

cannot be explained by either intake or digestibility. Thus the data indicates that 

steers fed CSM utilized digested nutrients more efficiently than current feeding 

standards would predict. 

 

5.1 Conclusions 

Supplementation with lucerne silage increases total intake, but decreases straw 

intake by substitution, as the proportion of lucerne silage in the diet increases. NDF 

intake appears to limit total intake affecting both rumen fill and rate of passage. 

Supplementation increases diet quality (ME and CP content) however the 

differences in apparent digestibility of the straw plus lucerne silage diets in this 

study were not significant; possibly due to the small differences and level of error. 

However, when considered in conjunction with the straw and silage only diets, 

digestibility was significantly increased with proportion of lucerne silage in the diet. 

Liveweight gain increased with proportion of silage consistent with the additional 

intake and improved quality of the diet fed.  
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CSM sustained liveweight gains higher than estimated using the diet quality and 

intake (Chapter 1) and digestibility (Chapter 2). The cause for this is not known but 

implies a more efficient utilisation of digested nutrients.  

 

It is recommended that a similar study be conducted with higher ME content, 

precision chop lucerne (or other legume) silage, more consistent with industry best 

practice, to determine intake, liveweight gain and possible digestibility differences. 

CSM should be included in this comparison. Additional measurements, including 

rumen VFA concentration, protein degradability and rumen pH and composition of 

liveweight gain, should be included as part of future experiments to explain energy 

and protein utilization in detail.   
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APPENDIX 3.1 

Calculations for estimating energy requirements. 

ME requirement: 

For growing cattle, AFRC (1993) give the calculation of ME requirement for 

maintenance and production (M mp) as: 

 M mp (MJ/d) = (F /K) x ln{B/ (B-R-1)} 

The fasting metabolism (F) requirements of cattle are given by ARC (1980) as:    

F = C1 {0.53(LW/1.08)0.67}  

where C1 = 1.0 for cattle; LW expressed liveweight of the animal, kg. 

The factors B and k are calculated from the efficiencies of utilization of ME 

where B = Km/(Km-K f)  

  K = Km x ln(Km/K f)      

The efficiencies of utilization of ME, km, and kf are defined in ARC (1980) as: 

Efficiency for maintenance (km) = 0.35 q m + 0.503 

Efficiency for growth (kf) in growing ruminants = 0.78 q m + 0.006 

The metabolisability of the Gross Energy (GE) of a feed at maintenance (q m) is 

defined as the proportion of ME in the GE of the feed: 

q m = ME/GE  where MAFF(1992) estimated that the Gross Energy of diet 

(GE), MJ/kg DM of compound feed have values 18.8MJ/kg DM.   

The energy retention (R) for beef cattle is calculated as equitation given by ARFC 

(1993): 

R = E f//E m    
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The maintenance ME requirement of cattle (Mm) are given by: 

Mm (MJ/d) = (F + A)/ Km    

 Where F was given as above, and activity allowance (A - MJ/d) for beef cattle is: 

A = 0.0071 W 

The net energy required for maintenance (Em) is given by: 

Em (MJ/d) = Mm x km 

The energy retained in the animal’s body per day (Ef ) is then given by: 

E f (MJ/d) = (∆LW x [EV g])    

 ARFC (1993) gives a quadratic equation to predict the energy value, [EV g] of 

weight gains of cattle for castrates of medium-sized breeds as follows: 

[EVg]  (MJ/kg) = C2 (4.1+0.0332LW-0.000009LW2)/ (1-C3 x 0.1475 x 

∆LW) 

Where C3 = 1 when plane of nutrition, L, >1 and = 0 when l < 1, 

C2 = 1.00 for castrated, medium mature cattle. 

∆LW expressed liveweight change kg/d; 
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APPENDIX 3.2 

Calculations for estimating protein content and requirements. 

Metabolisable protein (MP) content of feed: 

Metabolisable protein (MP) is defined as the total digestible true protein (amino 

acids) available to the animal for metabolism after digestion and absorption of the 

feed in the animal’s digestive tract (AFRC, 1993).  

Metabolisable protein is therefore defined as:  

MP (g/d) = 0.6375 MCP + DUP 

The microbial true protein (MTP) is 0.75 of the microbial crude protein (MCP) and 

MTP is 0.85 digestible in the intestine.  

Accordingly, the MCP yield (y) is expressed as g MCP per MJ of fermentable 

metabolisable energy (FME) in the diet, and the level of feeding determines the 

value of “y” for any particular situation. 

 MCP (g/d) ≤ ERDP = FME (MJ/d) x y (g MCP/MJ FME) 

  y (g MCP/MJ FME) = 7.0 + 6.0{1-e (-0.35L)}  

Where a function of level of feeding (L):   

L = ME (MJ/d) / Mm (MJ/d) 

The fermentable metabolisable energy content of a feed or diet is defined by AFRC 

(1993) as: 

FME (MJ/kg DM) = ME – MEfat - MEferm 

In this thesis, the FME of straw and CSM were calculated by ME less ME fat for 

CSM, and less ME ferm for straw. The value of ME fat in CSM and ME ferm in straw 

were cited from ARFC (1993). 

As the extent of fermentation in lucerne silage is known to be related to the dry 

matter content of the ensiled crop, a prediction of can be made using an equation 

(AFRC, 1993).  
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FME (MJ/kg DM) = ME x (0.467+0.00136 ODM-0.00000115 ODM2) 

where ODM is oven dry matter 

Effective rumen degradable protein ERDP: 

By definition, ERDP (g/d) is measure of the total N x 6.25 supply captured by the 

microbes, whether as non-protein N and /or intact soluble protein in the quickly 

degradable protein (QDP), or slowly degradable protein (SDP). The ERDP content 

of a feed is defined by AFRC (1993) as: 

ERDP (g/kg DM) = 0.8QDP + SDP 

Where QDP (g/kg DM) = a x CP (g/kgDM) 

SDP (g/kg DM) = {(b x c)/(c+r)} x CP (g/kgDM) 

The three fitted constants, (a, b and c) are combined with the outflow rate (r), 

appropriate for the level of feeding (L), of the animal to calculate the required 

protein fractions described by these functions. 

Where a = water soluble N extracted by cold water rinsing 

b = potentially degradable N, other than water soluble N and  

c = fractional rate of degradation of feed N per hour 

r = outflow rate 

In this experiment, the values of a, b were those given in AFRC (1993).  In order to 

estimate [SDP] at other outflow rates, the value of c also needs to be estimated as 

following equation showed: 

C = r (a-dg8) / (dg8 - a - b) 

Retention time in the rumen is highly correlated with the level of feeding of the 

animal (L), since greater feed intake result in faster outflow rates from the rumen. 

The extent of degradation of feed nitrogen at an outflow rate of 0.08(dg8) was given 

by AFRC (1993). AFRC (1993) proposed the use of an empirical equation to smooth 

the operation of this factor, as follows: 
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r = -0.024 + 0.179{1 – e (-0.278L)};  

The ERDP supply required is also given by MCP (g/d) (≤ ERDP) = FME (MJ/d) x y 

(g MCP/MJ FME), since MCP can not greater than ERDP supply. The value for 

ERDP obtained from this equation must then be compared with the calculated total 

ERDP supplied by the diet.  

The total ERDP supply to the rumen microbes (g/d) is the sum of the weights of feed 

DM in kg/d (wn) multiplied by the feed ERDPn contents in g/kgDM, calculated as in 

equation: 

ERDP (g/d) = w1 ERDP1 + w2 ERDP2 + w3 ERDP3 

Un-degradable protein, UDP, is calculated as crude protein, CP, minus the rumen 

degradable protein, RDP: 

UDP (g/d) = CP – RDP   

With the partitioning of RDP into QDP and SDP, UDP is now defined as:  

UDP (g/d) = CP – (QDP + SDP)     

Instead of a constant digestibility of 0.85 for UDP in the lower intestines, the 

digestibility of UDP is now predicted from the Acid Detergent insoluble nitrogen, 

ADIN, content of the feed, as suggested by AFCR (1993) based on 37 raw materials 

used in compound feeds: 

DUP (g/kg DM) = 0.9(UDP – 6.25 x ADIN)    

 Where the ADIN for CSM, lucerne silage and straw was cited from AFRC (1993).  

 

Metabolisable protein (MP) requirements: 

Using the AFRC (1993) system, the calculation of the total MP requirement for 

ruminants, is made by summing the requirements for each relevant metabolic 

function.  

Maintenance requirements: 



 

 105 

The metabolisable protein requirement for maintenance of cattle is the sum of the 

basal endogenous nitrogen (BEN or MPb) needs plus dermal losses (MPd) as scurf 

and hair. 

MPm (g/d) = MPb + MPd = 2.30LW0.75 

Requirement for growth: 

AFRC (1993) provided an equation to predict the MP for weight gain of cattle: 

MPf (g/d) = C6 (168.07 – 0.16869LW + 0.0001633LW2) x (1.12-

0.1223∆LW) x 1.695∆LW 

Where C6 = 1.00 for castrates of medium sized cattle. 

Thus the calculation of the metabolisable protein requirement (MPR) for growth of 

cattle is given by: 

MPR (g/d) = MPm + MPf  
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APPENDIX 3.3 

Calculations for predicting DM intake 

Prediction of dry matter intake for maintenance and growth 

AFRC (1993) provide an equation to predict the dry matter intake for maintenance 

and growth requirement: 

DM intake for maintenance (kg/d) = Mm (MJ/d) /q m  

DM intake for growth (kg/d) = Mmp (MJ/d) / q m 
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APPENDIX 3.4. 

Predicted parameters* and functions for the calculation of Mm and M mp (AFRC 1993) for each diet and pen within diets. 

pen diet ME intake    (MJ/d) F A E m EV g (MJ/kg) E g (MJ/d) qm km kf k B R Mm (MJ/d) M mp(MJ/d) 

1 CSM 28.99 24.31 2.31 26.62 13.97 3.80 0.36 0.63 0.29 0.49 1.85 0.14 42.23 52.20 

2 L6 58.52 24.26 2.31 26.56 14.68 4.99 0.45 0.66 0.36 0.41 2.17 0.19 40.25 51.66 

3 L4 44.39 24.16 2.29 26.45 14.50 4.14 0.43 0.65 0.34 0.42 2.10 0.16 40.47 50.09 

4 L2 34.20 24.11 2.29 26.39 13.86 1.89 0.37 0.63 0.30 0.48 1.88 0.07 41.70 46.36 

5 L6 58.40 24.31 2.31 26.62 15.25 8.72 0.46 0.66 0.36 0.40 2.21 0.33 40.13 61.15 

6 L2 31.98 23.82 2.25 26.07 13.70 -0.56 0.38 0.64 0.30 0.48 1.90 -0.02 41.04 39.75 

7 L4 45.57 23.70 2.23 25.93 13.80 1.13 0.43 0.65 0.34 0.43 2.08 0.04 39.78 42.28 

8 CSM 31.00 24.31 2.31 26.62 13.97 7.22 0.36 0.63 0.28 0.50 1.83 0.27 42.38 63.60 

9 L4 48.41 23.86 2.25 26.11 14.38 4.50 0.42 0.65 0.33 0.44 2.04 0.17 40.27 51.12 

10 CSM 27.11 24.66 2.36 27.02 14.16 9.44 0.36 0.63 0.29 0.49 1.85 0.35 42.89 72.15 

11 L6 59.61 24.72 2.37 27.10 15.20 6.82 0.45 0.66 0.36 0.40 2.19 0.25 40.96 56.93 

12 L2 32.33 24.09 2.28 26.37 13.85 1.32 0.38 0.63 0.30 0.48 1.89 0.05 41.55 44.73 

* See Appendix 3.1 for definition of parameters and equations for calculation.  
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APPENDIX 3.5. 

Predicted parameters* and functions for the calculation of ERDP requirement and ERDP available (AFRC 1993) for each diet and pen within diets. 

  FME y ERDP requirement r  C  Straw(g/d)  silage(g/d) CSM(g/d)   

pen diet (MJ/d) (g MCP/MJ) (g/d) per hour straw silage csm QDP SDP QDP SDP QDP SDP ERDP available (g/d) 

1 CSM 26.45 8.28 219.09 0.01 0.01 0.00 0.00 23.86 23.86 0.00 0.00 109.73 105.88 236.61 

2 L6 49.93 9.39 469.01 0.04 0.05 0.02 0.02 9.31 9.31 748.56 113.42 0.00 0.00 729.02 

3 L4 38.08 8.91 339.44 0.02 0.03 0.02 0.02 11.10 11.10 520.54 78.87 0.00 0.00 515.28 

4 L2 29.99 8.50 254.82 0.01 0.02 0.01 0.01 20.85 20.85 257.34 38.99 0.00 0.00 282.40 

5 L6 49.69 9.39 466.80 0.04 0.05 0.02 0.02 6.64 6.64 777.88 117.86 0.00 0.00 752.13 

6 L2 27.97 8.43 235.84 0.01 0.02 0.01 0.01 18.07 18.07 257.34 38.99 0.00 0.00 277.39 

7 L4 39.16 8.98 351.72 0.02 0.04 0.02 0.02 12.58 12.58 520.54 78.87 0.00 0.00 517.94 

8 CSM 28.29 8.36 236.33 0.01 0.01 0.01 0.01 26.63 26.63 0.00 0.00 107.49 103.72 237.65 

9 L4 41.75 9.06 378.26 0.03 0.04 0.02 0.02 16.14 16.14 520.54 78.87 0.00 0.00 524.36 

10 CSM 24.74 8.19 202.66 0.00 0.01 0.00 0.00 22.52 22.52 0.00 0.00 100.78 97.24 218.40 

11 L6 50.79 9.39 477.19 0.04 0.05 0.02 0.02 8.16 8.16 777.88 117.86 0.00 0.00 754.86 

12 L2 28.28 8.43 238.45 0.01 0.02 0.01 0.01 18.50 18.50 257.34 38.99 0.00 0.00 278.17 

• See Appendix 3.2 for definition of parameters and equations for calculation.  
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APPENDIX 3.6. 

Predicted parameters* and functions for the calculation of MP requirement and MP supply (AFRC 1993) for each diet and pen within diets. 

    MP requirement (g/d)  MP supply (g/d)  

pen diet Power MP b MP d MP m MP f MPR MCP UDP DUP MPS 

1 CSM 76.72 167.83 8.63 176.46 65.38 241.83 219.09 201.22 157.47 297.12 

2 L6 76.54 167.44 8.61 176.05 81.13 257.18 469.01 284.61 240.40 539.35 

3 L4 76.19 166.67 8.57 175.24 68.64 243.88 339.44 204.09 167.93 384.29 

4 L2 76.01 166.28 8.55 174.83 33.25 208.08 254.82 121.38 93.49 255.92 

5 L6 76.72 167.83 8.63 176.46 132.66 309.12 466.80 291.73 246.80 544.34 

6 L2 75.01 164.08 8.44 172.52 -10.20 162.32 235.84 117.67 90.16 240.48 

7 L4 74.59 163.17 8.39 171.56 20.15 191.71 351.72 206.06 169.70 393.89 

8 CSM 76.72 167.83 8.63 176.46 120.79 297.25 236.33 201.46 157.69 308.33 

9 L4 75.13 164.34 8.45 172.79 75.17 247.96 378.26 210.81 173.98 415.08 

10 CSM 77.95 170.52 8.77 179.29 152.56 331.85 202.66 185.62 143.43 272.60 

11 L6 78.19 171.03 8.80 179.83 105.31 285.14 477.19 293.75 248.63 552.79 

12 L2 75.95 166.15 8.54 174.70 23.39 198.08 238.45 118.25 90.68 242.66 

* See Appendix 3.2 for definition of parameters and equations for calculation.  
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APPENDIX 4.1. 

Allocation of steers from the 2 sources to diet treatments and pens for the 3 periods 
of digestibility determinations. 

Tag  Source 
Liveweight 

(kg) 
Diet* Pen Period 

37 1 283 L2 1 1 
3 1 296     LS** 2 1 
6 1 344 CSM 3 1 
50 1 326 L6 4 1 
45 1 311 L4 5 1 
35 1 296 BS 6 1 
12 2 313 CSM 7 1 
27 2 330     LS** 8 1 
24 2 367 L4 9 1 
30 2 332 BS 10 1 
40 2 349 L2 11 1 
14 2 329 L6 12 1 
37 1 288 BS 1 2 
3 1 323 L2 2 2 
6 1 336 L4 3 2 
50 1 350 CSM 4 2 
45 1 312 LS 5 2 
35 1 301 L6 6 2 
12 2 311 L4 7 2 
27 2 342 L6 8 2 
24 2 371 BS 9 2 
30 2 327 CSM 10 2 
40 2 348 LS 11 2 
14 2 337 L2 12 2 
37 1 291 L4 1 3 
3 1 334 BS 2 3 
6 1 354 L2 3 3 
50 1 341 LS 4 3 
45 1 329 L6 5 3 
35 1 307 CSM 6 3 
12 2 319 BS 7 3 
27 2 349 L2 8 3 
24 2 371 L6 9 3 
30 2 329 LS 10 3 
40 2 363 CSM 11 3 
14 2 347 L4 12 3 

**   Data from these treatments was not used for digestibility   
*   Diet: - BS - barley straw only; CSM - barley straw plus CSM; L2, L4, L6 - barley straw 
plus varying levels of lucerne silage; LS - lucerne silage only. L2, 4 and 6 formulated to 
supply approximately similar proportions of silage and straw in the diets as consumed in the 
previous experiment (Chapter 3). 




