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Chapter 1 

Literature review 

Grains make up a large proportion of feedlot diets. Different 

grains differ in the rate at which they are digested. van Niekerk 

(1993) pointed out that different grains might have the same 

digestibility and apparent energy value but don't necessarily 

give the same production response in the animal. 

1. RATE OF CARBOHYDRATE DIGESTION 

There is a large difference in the rate of breakdown between 

carbohydrates. The more soluble the starch is in the rumen, the 

greater the fermentation rate. A slow rate of rumen starch 

digestion in turn is associated with an increased amount of rumen 

bypass starch. The bypass starch is digested and absorbed 20-251. 

more efficiently than that which is fermented by rumen microbes. 

On average, 5-201. of starch consumed is digested postruminally, 

with digestion taking place in the small intestine and absorbed 

as glucose (Huntington, 1994). 

The ability of the small intestine to digest and absorb bypass 

starch may be limited by the ability of the intestinal enzymes 

to digest starch (mainly pancreatic amylase) (I2Irskov, 1986). These 

enzymes may be overwhelmed by large amounts of bypass starch. 

Furthermore, the capacity for absorption of glucose may limit 

starch digestion in the small intestine (I2Irskov, 1986). In a 

review by Huntington (1994) it was noted that pancreatic amylase 

secretion in ruminants continued to increase as energy intake 

~ increased. Increased di ~tibilit~ of starch in the small 

¥~CJpinte tin~ is directl~ related to_ i.ncreas.ed supply of protein to 

the small intestine....- Rum.i..nal di estion of starch therefore 
I 

indicates a two fold benefit: 1) increased production and outflow 

of mi~robiaL~~~Uain from the rumen an 2~ increased ~estion 
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of starch that escapes the rumen as a result of the pancreatic 

{response to more protein supply entering the small intestine 

(Huntington, 1994). 

van Niekerk (1991 & 1993) and Henning (1991) both ranked the rate 

of ruminal digestion of raw materials commonly used in feedlot 

rations. Their ranking differs as shown in Table 1. In a 

comprehensive review by Huntington (1994) who showed that the 

starch content of wheat was the highest for grains (771.), 

followed by maize and sorghum (721. for both) and last by barley 

and oats (57 - 581.). Maize had a slow rate of starch digestion. 

Up to 401. of the starch content of maize can be classed as bypass 

starch. This figure can however be significantly lowered through 

processing such as steam flaking, cooking or mechanical action. 

The byproducts listed in Table 1 (molasses, citrus pulp, 

defatted germ meal, hominy chop, brewers grain and wheat 

middlings) contain less starch than that of maize. Their 

principal energy sources are digestible fibre, protein, oil and 

fat. Fats and oils bypass the rumen where they are no~ dLgested 

(van Niekerk, 1991) but are digested post ruminally, while the 

digestible fibre is digested slowly in the rumen. 

Three common energy sources used in feedlot rations are maize, 

hominy chop and sorghum. 

Maize grain is very high in energy due to the high starch and its 

oil content, but low in protein, fibre and minerals. It is a very 

palatable raw material and can be used as the main energy source 

in a ration. Whole grain is poorly digested by ruminants as it 

is necessary to break the waxy external shell of the kernel to 

permit degradation in the rumen. Furthermore whole grain has a 

tendency to pass through into the manure without being digested. 

The energy value and consequently the starch available for 

digestion is better if the grain has undergone some kind of 

processing namely steam rolling, dry rolling, grinding, 
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extruding, popping, or flaking (Cheeke, 1991; MacGregor, 1989) 

Hominy chop is a major byproduct in the maize milling industry. 

This makes South Africa a large producer of Hominy chop (van 

Niekerk, 1984>' Most hominy chop is available for the feed 

industry and a great part forms the basis of feedlot rations (van 

Niekerk, 1984; Mandisoza & Holness, 1985; Cheeke, 1991). 

Table 1: Different rates of ruminal digestion. Adapted from van 

Niekerk (1991 & 1993) and Henning (1991) 

van Niekerk (1991 

and 1993) 

Molasses 

Wheat 

Barley 

Oats 

Maize 

Ma i z e s i 1 a,ge 

Citrus pulp 

Defatted germ meal 

Hominy chop 

Whole soya 

Whole cottonseed 

Brewers grain 

Wheat middlings 

Sorghum 

Rate of 

ruminal 

digestion 

Fast 

Slow 

Henning (1991) 

Molasses 

Wheat bran 

Oats, ground 

Barley, ground 

Wheat, ground 

Maize germ meal 

Barley, rolled 

Maize bran 

Wheat, rolled 

Hominy chop 

Sorghum, ground 

Maize, ground 

Sorghum, rolled 

Maize, ground 

Sorghum, rolled 

Oats, rolled 

Maize, rolled 

Hominy chop can have a similar nutritive value when compared with 

maize and therefore makes this product a relatively inexpensive 

energy source. Most of the hominy chop which is a combination of 

maize bran and germ, is used for maize oil extraction. Hominy 

chop contains a considerable amount of fat. A good quality hominy 
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chop can contain up to 91. fat. Most of the energy comes from the 

oil, with a little starch making up the balance (Evans & Johnson, 

1995). It can provide 61. more energy than that of maize in 

feedlot diets primarily due to the higher oil content present 

(7.71. vs 4.21.) (Larson et al., 1993). Low fat hominy chop can 

also be successfully included in livestock rations. Larson et 

al., (1993) in trials with both sheep and cattle showed that 

expeller-extracted hominy feed (5.31. fat on OM basis) contained 

1.35 Mcal of net energy for gain per/kg, or 871. of the energy of 

maize, when included at levels up to 401. of cattle finishing 

diets, despite its containing 201. less starch than maize. 

Hominy chop has been classed as a fibrous byproduct but has the 

significant advantage of containing a fermentable fibre source. 

In vitro rate of starch disappearance was higher for hominy chop 

than that of maize (Personal communication: Henning, 1995 and 

Larson et al. (1993». In spite of this animals fed a hominy 

based ration should be less prone to lactic acidosis due to the 

more digestible fibre present compared with a maize based ration 

(Henning, 1995). van Niekerk (1991 and 1993) on the other hand 

ranked hominy chop to have a slower rate of starch digestion 

compared to maize (Table 1). 

Hominy chop is a variable product. Its composition differs from 

mill to mill depending on the mill design (wet or dry which 

influences the moisture percentage) and the extent of oil 

extraction. High fat together with varying and high moisture 

content of about 15% makes it susceptible to the development of 

rancidity, heating and deterioration of the nutritive value. This 

is particularly evident during the summer months which makes the 

storage of this raw material problematical. 

Sweet (Tannin free) sorghum has a similar feeding value to that 

of maize (van Niekerk, 1984). However, sorghum starch has a very 

slow rate of fermentation (Table 1). This tends to be associated 

with an increased amount of rumen bypass starch. For the best 

results it is essential to at least break the grain. Care should 
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be taken not to feed finely ground/milled sorghum as this has a 

negative effect on feed intake (Evans & Johnson, 1995). The most 

pronounced response is to steam flaking (Huntington, 1994). 

Combinations of slowly and rapidly digested grains can have a 

synergistic effect on animal performance. If these synergistic 

effects suggested are real then it is clear that the possibility 

exists to use a variety of grains, grain byproducts and 

processing methods to mix rations with particular starch 

fermentation characteristics and hence optimal animal performance 

(van Niekerk, 1993). 

2 ~TABOLIC DISORDERS ASSOCIATED WITH HIGH STARCH DIGESTION 

2.1 Acidosis and Bloat 

Acidosis, low rumen pH (which can lead to rumen atony and 

possible death) and rate of starch digestion are closely related. 

Britton & Stock (1986) regarded acidosis not to be a disease but 

rather a continuum of degrees of acidosis. They categorised 

acidosis to be acute or subacute. These categories represented 

both extremes and the actual point where subacute becomes acute 

is difficult to determine. Animals suffering from acute acidosis 

may be sick or even die or may have physiological function 

impairment (usually absorption with affects performance). 

Subacute acidosis is more subtle and difficult to access. Its 

major response is a reduction in intake with reduced performance. 

X High starch rations, which exceed the fermentive capacity of the 

rumen microbes results in the accumulation of glucose in the 

rumen. This leads to the rapid growth of lactic acid producing 

bacteria which in turn leads to high levels of lactic acid and 

hence decrease the rumen pH (Dugmore, 1995). This can also be 

attributed to too high levels of non structural carbohydrates 

(NSC, are sugars and starch in a diet which provide energy for 

microbial synthesis) and to little rumen degradable protein (RDP) 

present in a diet. Normally the ratio of NSC:RDP is between 35-

40%:60-65% for dairy cattle. High levels of NSC in a diet can 

shift rumen fermentation towards lactic acid fermentation which 
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in turn leads to acidosis. Low levels of RDP accompanied by high 

levels of NSC can reduce microbial synthesis and in turn affect 

DMI (Neitz and Dugmore, 1995). 

~ The organisms that predominate under low pH conditions are the 

Streptococcus bovis spp. These bacteria produce lactic acid as 

their end product of fermentation, particularly D-Lactate which 

is poorly absorbed and metabolised. Lactobacillus spp. are also 

in abundance under these conditions. The accumulation of the 

lactic acid in the rumen and blood causes rumen and metabolic 

acidosis. Ruminal lactate could be a potential inhibitor of 

intake (Britton & Stock, 1986). Further consequences of a low pH 

are the corrosion of the rumen wall, parakeratosis (the peeling 

off of the rumen papillae) impaired absorption and invasion of 

the rumen wall by bacteria which may gain systemic entrance and 

result in a high incidence of liver abscesses (Cheeke, 1991). 

( 

Starchy constituents of feedstuffs are also responsible for g~s 

production. From this it can be concluded that feedstuffs high 

in starch and therefore high in carbohydrates will cause a high 

production of gas relative to rations which contain less starch 

and more fibrous components. The total amount of gas is mainly 

made up of carbon dioxide (40%), methane (30-40%), hydrogen (5%) 

and small but varying amounts of oxygen and nitrogen (McDonald 

et al. 1988 ). Together with the gas, ammonia and the three main 

volatile fatty acids; acetic, propionic and butyric acid is 

produced (Monnig and Veldman 1~8~). If the gas present in the 

rumen is in the form of small bubbles that become mixed within 

the feed, a frothy mixture of gas and feed will result. The 

animal is not able to get rid of the excess gas because gas does 

not separate from the feed. The size of the bubbles and how 

readily they burst is determined by the surface tension and the 

layer of fluid that surrounds them. So this in effect means that 

the lower the surface tension, the smaller the gas bubbles, the 

less readily they will aggregate into larger pockets and burst. 

In short, the lowering of the surface tension of rumen fluid, 

inevitably results in frothy bloat. 
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The amount of saliva secreted also plays an important role in the 

prevention of bloat. Salts in saliva act as a natural buffering 

agents maintaining the ruminal pH between 6 and 7. Saliva 

production is proportional to the amount of rumination that takes 

place. Diets high in concentrates and hence, low in long fibre 

do not produce large volumes of saliva compared to high roughage 

diets (Monnig and Veldman, 1989). Feeds which tend to ferment 

rapidly and which lead to low ruminal pH reduce the buffering 

action. This is due to a lack of dietary fibre to stimulate 

rumination and the consequently lower the production of saliva 

to buffer the pH. The likelihood of acidosis and bloat is 

therefore eminent. 

Various antibiotics are available as feed additives which combat 

the problem of acidosis and bloat. The most commonly used is an 

ionophore monensin sodium <Rumensin - 20% Monensin Sodium; Eli 

Lilly, JHB, RSA)' Ionophores used for the control of acidosis 

( inhibit the growth of Streptococcus bovis and Lactobacillus spp. 

In addition to this, the additive improves feed conversion ratios 

and average daily gains by altering the rumen fermentation 

pattern ie: lowering the acetate: propionate ratio. The advantage 

of this is that the prop~onic acid is more efficiently used in 

metabolism than acetic or butyric acid. 

2.2 The Roller Coaster Effect 

Animals fed high concentrate feeds are in a slight acidotic state 

because rumen fermentation is stimulated, resulting in an 

decrease in rumen pH (de Faria Sc Huber, 1984). Intake patterns 

are important barometers to subacute acidosis and can lead to 

acute acidosis (Britton Sc Stock, 1986). As already noted this 

effect is compounded by a reduction in saliva production due to 

the low forage content of the diet. Dry matter intake declines 

and the animal could stop eating. Maintaining ruminal pH above 

5.6 seems critical to control subacute acidosis (Britton & Stock, 

1986). If not too severe the rumen pH returns to normal after 

time and the animal starts eating again. The animal, having been 

off feed for a time becomes hungry as its metabolism returns to 
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normal. This can lead to overeating. The whole process of a 

lowered rumen pH and "of f feed" repeats i tsel f. The peaks and 

troughs of feed intake can clearly be observed and represent the 

"Roller Coaster" on whi ch the animal finds i tsel f (Hof fman la 

Roche Inc 1993), 

One way of overcoming this disastrous condition is to feed the 

animals small quantities of feed at a time spread throughout the 

day, to obtain a steady state of fermentation within the rumen 

(Hoffman la Roche Inc, 1993; Sutton et a1., 1986). It may also 

help to feed small quantities of long hay. 

3. FACTORS AFFECTING DIET DIGESTIBILITY AND FEED INTAKE. 

A relationship does exist between digestibility and rate of 

digestion which in turn leads to a relationship between 

digestibility and food consumption (McDonald et a1. 1988). The 

more di gest i ble the feed, the faster it is removed from the 

rumen. Consequently the greater the space is cleared in the rumen 

between meals, the more the animal can probably eat (McDonald et 

al., 1988). 

The main diet 

ener Animals eat in an attempt to satisfy their 

energy requirements. The feed consumed is regulated in such a way 

that they are provided with a constant intake of digestible 

energy. If animals are on a low energy diet, feed intake is at 

gut capacity. Ruminants in particular are unable to increase 

intake on low energy diets to meet their requirements. The main 

limiting factor with low energy cattle diets, given in an 

unground form, is the rate at which the feed passes out of the 

rumen (Owen, 1991). Animals on a high energy diet that is in 

excess of their energy needs may reduce their intake. Figure 1 

illustrates the two phases that can be seen in this association 

(Cheeke, 1991). 

The lower limit of this relationship occurs where there is a 

distinct physical restriction on intake imposed by gut capacity 
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and the limitation at which the rate of feed material is broken 

down and passes through the digestive tract (Cheeke, 1991). This 

is known as "Physical Regulation" and is controlled by the 

stretch and tension receptors present in the reticulo-rumen 

(McDonald et dl., 1988). 

t 
Feed 

Intake 

Physical 
regulation 

Chemical 
-+--+-~ 

regulation 

Dietary Energy Level ~ 

~igure 1: The relationship between feed intake and dietary energy 

levels (Cheeke, 1991) 

Provided digestibility and/or rate of passage is not limiting, 

animals can adjust their voluntary intake to consume the required 

amount of energy per day (Cheeke, 1991). As the energy content 

of the feed increases, microbial fermentation increases, and the 

end products of fermentation can be absorbed or passed on to the 

rest of the digestive tract (Owen, 1991). At higher levels of 

dietary energy, the rate of passage of feed material out of the 

rumen ceases to be the limiting factor but the intake may still 

be physically limited by the rate of passage of material through 

the rest of the digestive tract. When this limitation is removed, 

the animal has then reached its maximum energy intake, which is 

metabolically determined by the animal's genetic capacity for 

production (e.g. growth) (Owen, 1991). This explains the second 
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assoc iat ion of Figure 1, known as "Chemi calor Chemostat i c 

regulation". 

In nonruminants blood glucose is the principal regulator of feed 

intake. In the case of ruminants this is controlled by the 

volatile fatty acids (VFA) (Cheeke, 1991). According to McDonald 

et al. (1988) the stretch and tension receptors present in the 

reticulo-rumen are of less importance with concentrate diets as 

the chemostatic sensory signals play a greater role in intake 

regulation. The amount of glucose absorbed from the digestive 

tract is relatively small and blood glucose levels show little 

relation to feeding behaviour. It seems that the g..1ucostatic 

mechanism of intake control does not apply to ruminants. A 

chemostatic mechanism involving the three major fermentation 

volatile fatty acids (acetic, propionic, and butyric acid) could 

influence feed intake. According to McDonald et al. (1988) 

acetic and propionic acid depress intake of concentrate diets and 

it is suggested that receptors for acetate and propionic 

regulation of feed intake occur on the luminal side of the 

reticulo-rumen. Butyric acid per se is not an important factor 

in intake regulation. 

There are many methods that can be used to improve the nutritive 

value of a feedstuff for beef cattle (NRC, 1987). Processing can 

be applied mainly in two forms: 

i) Physical processing for example rinding and pelleting, 

and 

ii) Chemical processing for example alkali treatment. 

i) Physical processing 

Since the intake of many forages is limited by the rate of 

passage out of the rumen, the grinding of these forages reduces 

particle size. Pelleting further breaks down the physical 

material and it condenses the material into dense packages, which 

is easily consumed and avoids the dustiness often associated with 

finely ground materials. Grinding and pelleting do not have an 

effect on the chemical components of the diet (Owen, 1991). 
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However according to 0rskov (1986), ground forages lose the 

physical properties of roughage which reduces the rumen motility. 

Ground roughages change the rumen fermentation pattern (The 

acetic:proprionic ratio may be decreased (NRC, 1987». This could 

be beneficial to the growing beef animal (Owen, 1991). 

ii) Chemical processing 

Alkali treatments help break down cell wall constituents of poor 

quality roughages. This exposes the more digestible materials to 

the digestive processes (Owen, 1991) and increases the potential 

for cell wall digestion (NRC, 1987). 

4. PHYSIOLOGICAL FACTORS AFFECTING FEED INTAKE 

The biology of all beef cattle is similar. The application of 

basic nutritional principles depends on the rate of maturity and 

the size of the animal at maturity. It is also influenced by the 

environmental and conditions of management (NRC, 1987). 

4.1 Body size & production demands. 

The relationship of body size to feed intake has been a subject 

of much debate (NRC, 1987). It is frequently assumed that food 

consumption of grazing animals varies according to some function 

of their live mass. This relationship can be described by the 

allometric equation developed by Huxley (1939); 

Y = ax b or log y = log b + a log x 

where Y = feed intake and x = live mass (Saubidet & Verde, 1976; 

MacDonald et al., 1988). 

Metabolic body size (WO. 1S ) is widely used in animal nutrition 

research such as for interspecie comparisons of feed intake (ie: 

sheep vs cattle or between heifers and bulls of the same breed) 

(Cheeke, 1991) and for the estimation of maintenance requirements 

<MacDonald et al., 1988). 

Metabolic body weight is related to fasting metabolism and in 

turn to the surface area of an animal. The surface area is 

proportional to two thirds power of the animals weight( WO•67 ). 
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This was later expressed as WO. 75 and is referred to as the 

metabolic weight of a animal (MacDonald et al., 1988). Comparing 

fasting metabolism values of animals which differ in size is done 

by expressing them in relation to their surface area. 

Fasting metabolism per unit of metabolic liveweight is higher in 

young animals than in old. The metabolic rate (hence the energy 

requirements and feed intake) of animals per unit of body weight 

decreases as body size increases. The relationship is influenced 

by factors such as sex, age, species, differences in endocrine 

regulation of metabolic rate (MacDonald et al., 1988 and Cheeke, 

1991). Forbes (1983) concluded that between species, voluntary 

feed intake of mature animals was related to Wo. n . 

Saubidet ~ Verde (1976); Thornton et al. (1985), Hicks et al. 

(1986); Owen (1991) found that feed intake does not increase 

linearly with body mass, but showed a curvilinear relationship 

with body mass (Owen, 1991, ~ Thornton et al., 1985). A simple 

relationship is not likely to exist because of differences in 

live mass due to previous nutritional levels of the animals or 

age or breed differences (Saubidet ~ Verde, 1976; Owen, 1991). 

In general, beef cattle consume dry matter at a level of up to 

3% of their body mass per day (van Ryssen, 1992). Chewning et al. 

(1990) attempted to group breed means for feed intake during 

postweaning feedlot performance (Table 2). Young cattle can be 

expected to have daily dry matter intakes of over 3% of their 

body mass <Hicks et al., 1986). As cattle approach maturity these 

values can drop to 2%. 

Plegge (1987) reported that intake peaked when cattle reached 88 

percent of their slaughter mass. Intake then declined as the 

steers reached their slaughter weights. Hicks et al. (1986) and 

Thornton et al. (1985) showed that these intake curves were 

highly dependent on the initial mass when the steers enter the 

feedlot. Feed intake peaked and plateaued at higher points with 

cattle entering the feedlot at heavier masses. The general shape 
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of the intake curves for all weights were very similar. Feed 

intake per unit of live mass declined consistently as cattle 

reached heavier weights. This occurred with fewer days on feed, 

for cattle at heavier than at lighter initial weights. Hicks et 

al. (1986) reported that intake reached a plateau after 28 days 

on feed, and remained steady at that point for the next 96 days. 

Thereafter, intake tended to decline slightly (Thornton et al., 

1985). This decrease in intake may be associated with increased 

mass and fat as steers approach slaughter mass. Animals that 

started in the feedlot at a lighter initial mass and or that have 

spent more than 140 days in the feedlot may also exhibi t a 

decrease in intake. 

Table 2: Least square means for daily feed intake as a percentage 

of body mass (FIP) by period· and breed of beef bulls during 140-

day postweaning feedlot performance tests (Chewning et al., 1990) 

Breed 

Period 1 

Angus 

Hereford 

Polled Hereford 

Santa Getrudis 

Charolais 

Period 2 

Angus 

Polled Hereford 

Hereford 

Maine-Anjou 

Brangus 

Simmental 

Charolais 

Beefmaster 

Santa Getrudis 

i Prriod I = 1967 to 1976; ptriod 2 = 1977 to 1986. 

FIP, X/d 

3.08b 

2.92c 

2.91 c 

2.82d 

2.81 d 

3.06b 

2.94c 

2.91 c 

2.91 cd 

2.90cd 

2.86dr 

2.83t 

2.66f 

2.65f 

SE 

0.01 

0.01 

0.01 

0.03 

0.02 

0.01 

0.01 

0.02 

0.03 

0.02 

0.01 

0.02 

0.03 

0.03 

~,C,4,f,f "tans within the sale coluen and period without a cOIIOn superscript difer. 
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Both groups of authors found that there was little overlap in 

intakes between mass groups. They found that for each 4Skg 

increase in starting mass, mean daily feed intake increased by 

approximately 0.68 kg. In other words, when given free access to 

a high concentrate diet, the initial mass of the animals will 

dictate the level of feed intake (Hicks et ale 1986). 

4.2 Hature size and .ass 

Cattle varying in mature size and of different gender (steer, 

heifer or bull) reach a given degree of fatness at different 

weights (NRC, 1987; Hicks et al., 1990). It would be expected 

that these animals di ffer in the weights at which intake/WO. 75 

begins to decline. 

There is a relationship between fat and protein in the body of 

cat t Ie as growth proceeds under adequate nutri t ion (Slabbert, 

1990). As growth proceeds towards the mature mass, there is a 

shift in the use of nutrients from bone and muscle growth to fat 

deposition. The quantity of fat is equal to that of protein when 

the fat content is between 17 to 19%. After equi 1 ibrium is 

reached, the fattening phase begins and fat is deposited at an 

increasing r.te while protein is deposited at a decreasing rate. 

Early maturing animals have a lower mature mass and thus at a 

given age generally use more of their nutrients for fat 

depositation (Kempster et al., 1982; Fox ~ Black, 1984). 

According to Fox ~ Black (1984) body composition (the proportions 

of bone, fat and muscle) at a given mass varies with frame size. 

For any given body composition larger framed cattle will be 

heavier than smaller framed cattle of the same body composition. 

Gender also h.s an influence on the mass at a given composition 

(Fox ~ Black, 1984). Heifers mature at a lighter mass than steers 

and bulls, and fatten earlier. If the fattening phase has been 

reached under similar feeding conditions, heifers will be fatter 

than steers at a given mass and steers fatter than bulls 

(Kempster et al. 1984). 
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tOX & Black (1984) cited Klosterman & Parker (1976) who found 

that heifers were about 85% of the mass of their steer 

contemporaries at the same body composition. Harpster et al., 

(1978) compared heifers and steers of four breed types at 29.2% 

carcass fat. Heifers averaged about 80% of the steer mass 

irrespective of frame size or breed type. 

According to NRC (1987) the degree of fatness and/or a reduction 

in the growth rate influences voluntary intake. There is a 

significant decline in intake with the degree of maturity. 

Increased body fat reduces the appetite because of either reduced 

demand for growth, competition for abdominal space, or feedback 

from adipose tissue to the appetite control centre in the central 

nervous system (NRC, 1987; McDonald et al.; 1988; tOX, 1986). Dry 

matter intake declined with a corresponding increase in body fat 

(McDonald et al., 1988; NRC, 1987). tOX & Black (1984) and Plegge 

(1987) postulated that intake per unit of metabolic mass begins 

to decline at about 350 kg average frame size steer equivalent 

mass, or at about 22% body fat. 

4.3 Breed Type 

Intake differences among beef cattle breeds and their crosses may 

largely be accounted for by their differences in mature size 

(NRC, 1987). Cross bred cattle average 2% greater intake than 

pure breeds fed to the same stage of growth. Other researches 

have found that there were no differences in intake/WO.~ due to 

breed types (NRC, 1987). 

Holsteins are an exception (NRC, 1987; tOX, 1986; Fox ~ Black, 

1984). Holsteins at the same stage of growth as beef breeds are 

reported to consume an average of 8% more DM/WO.~. Hicks et al. 

(1990) found that the mean DMI for Holstein steers was 8% to 15% 

greater (average 12%) than DMI of beef steers of equal starting 

mass. This higher DMI could be due to a higher maintenance energy 
demand. 
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Holsteins appear to have a higher proportion of organ and gut 

tissue which results in an increase in metabolic rate (Hicks et 

al., 1990; Fox, 1986). According to Fox ~ Black (1984) Holsteins 

are energetically less efficient, having a larger net energy 

requirement for maintenance, and requiring more NE/kg gain when 

compared at equivalent body composition. It was further found 

that NE. and NE, requirements were increased by 12% for Holsteins 

after adjustments were made for frame size. The higher OMI of 

Holstein cattle, according to Hicks et al., (1990) could be 

ascribed to their larger mature size and/or genetic or phenotypic 

selection of Holstein cattle for high milk production. 



Chapter 2 

Rate o~ Carbohydrate digestion 

2.1 Introduction 

As discussed in Chapter 1, different feed ingredients might have 

the same digestible energy values but do not necessarily lead to 

the same production response in the animal. Hominy chop can 

substitute up to 40% of the maize in cattle finishing rations 

even though estimates of its feeding value have not been 

established (Larson et al., 1993). In view of their importance 

to the feedlot industry an experiment was planned to compare 

hominy chop and maize grain. It was suggested that, even with 

hominy chop of similar theoretical digestible energy as maize 

grain, there could be a difference in the performance of feedlot 

cattle if hominy chop substituted 100% of the maize in a feedlot 

ration (Personal communication: Prof H.H. Meissner, 1994). It was 

postulated that this could be due to di fferent rumen 

digestibility rates and starch digestion rates between these two 

raw materials. 

The objectives of the feeding trial were as follows: 

1. Establish whether the differing digestibility characteristics 

of mai ze grai nand homi ny chop affects the growth rate and 

performance of feedlot cattle. 

2. To obtain an estimate of the feeding value, especially 

metabolizable energy, of hominy chop. 

3. Derive an equation to describe dry matter intake (OM!) for the 

conditions of the trial. 
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2.2 Procedures 

~ 2.2.1 Test Rations 
r 

Four rations were formulated to investigate the possible 

difference in overall performance of feedlot cattle, using either 

maize or hominy chop as a energy source. The objective was to 

have two high energy and two low energy diets using either maize 

or hominy chop as the principal energy source. It was also 

assumed that the rate of rumen fermentation of hominy chop was 

slower than that of maize meal. 

The f~r rations or treatments were: 

Ration 1 (HF13): 

Ration 2 (SF13): 

13 MJ ME/kg OM with maize meal (60Y. maize) as 

the principal energy source. It was also 

assumed that the carbohydrate fermentation 

rate of this ration would be faster than the 

next ration. 

13 MJ ME/kg OM with ingredients with slowly 

fermented carbohydrates as the principal 

energy sources (55Y. Hominy chop and lOY. 

sorghum) • 

Ration 3: (HF"10): 10 MJ ME/kg OM made up of ingredients wi th 

rapidly fermented carbohydrates (31.5Y. 

ma i ze). It was also assumed that the 

carbohydrate fermentation rate of this ration 

would be faster than the next ration. 

Ration 4: (SFI0): 10 MJ ME/kg OM made up of ingredients wi th 

slowly fermented carbohydrates (27Y. Hominy 
chop ). 

S -10 
Based on NRC (1984) standards, an assumption was made that the 

animals would consume approximately 6 kg of feed at the beginning 

of the trial and would gain an average of 1.4 kg/day. According 

to NRC standards (1984) the daily theoretical requirements for 

medium frame growing steers were as follows:-

Protein - 141.90 g/kg, Calcium - 7.1 g/kg, Phosphorus - 3.0 g/kg. 
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Once the trial began no adjustments were to be made to the 

rations. This meant that animals would be overfed on protein, 

calcium and phosphorus towards the end of the trial. 

Morpa 1m was inc luded as an energy source in the hi gh energy 

rations in order to achieve the desired target of 13 MJ/kg. 

Morpalm is a calcium soap with a very high ME value (28 MJ/kg ME 

OM). It is based on hydrogenated palmitic fatty acids (Personal 

communication: van Wyk, 1994). This fat bypasses the rumen 

without being changed and most importantly does not influence the 

rumen microbes and fibre digestibility to any significant degree 

(van Niekerk, 1991). 

In the case of the two low energy rations the NRC standards for 

CP, Ca and P were maintained but the energy was dropped to an 

estimated ME of 9.5 MJ/kg OM. These rations contained 60% 

lucerne. 

In the SF13 and SFI0 rations small amounts of rolled sweet 

sorghum was included. This was done because of the slower rate 

of starch fermentation of sorghum (van Niekerk, 1993). 

Ureta was limited to less than 1.5 % of the ration « 100 

grams/head/day). In the case of HF13 a small amount of soya oil 

cake was included in order to achieve the desired crude protein 

level. Although soya beans contain urease, an enzyme that 

converts urea to ammonia it is insignificant as it is inactivated 

at a similar temperature to that which destroys trypsin 

inhibitors (McNaughton & Reece 1980). 

The levels of Rumensin (20% Monensin Sodium) and Tylosin (Tylosin 

Phosphate 10%) used in Beefmaster's rations were included. Trace 

minerals and vitamins were added in the form of a premix (Premix 

SP811, Marine Oil Refineries OBN, RSA). Sodium bicarbonate was 

included in the two high energy rations to aid in rumen 
bu f fering. 
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In formulating the rations, with the exception of the principal 

carbohydrate sources, all other ingredients were varied as little 

as possible to commensurate with the need for them to be balanced 

for comparable levels of ME Ca an P. The rations are 

detai led in Tables 3, 4, 5 and 6 and the assumed nutrient 

composition of the ingredients used is shown in Table 7. 

2.2.2 Experimental animals 

Ninety five cross bred steers were purchased from five commercial 

breeders in the KwaZulu-Natal Midlands. They comprised mainly of 

Hereford, Sussex, Simmentaler, Charolais, Brown Swiss, Afrikaner 

and Brahman cross animals, weighing between 150-250 kg live mass. 

They were of uniform conformation and medium frame type with, 

condition scores between 1.5 - 2.0 (Score one being emaciated and 

five obese). On arrival they were weighed and then run together 

as a group on a pasture and fed a maintenance ration for a week. 

2.2.3 Distribution of animals between treatments 

The animals were tagged and ranked according to weight from 

heaviest to lightest. Starting at the second heaviest animal 

every ninth animal was selected for the initial slaughter group 

(n = 11). The four lightest animals were selected for the 

digestibility and pH trials (ave mass 151 kg ±6.63 SEM). They 

were kept separately from the rest of the animals at the Bull 

Testing Station (BTS). They were fed the left over waste meal 

supplemented with some of the high energy rations. The remaining 

animals were allocated to the four treatments (n = 20) using the 

weight ranking to get four evenly matched groups. Genotype was 

not considered in the allocation of the animals to treatments. 

2.2.4 Bull Testing Station (BTS) 

The trial was conducted at the Cedara Bull Testing Station. The 

station is partially sheltered and equipped with Kalan gates 

enabling individual feed intakes to be determined. The facilities 

consisted of 24 feeding plus 8 adaptation pens. Each pen housing 

a total of ten animals. 
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Table 3 - Ration 1 (Hr13): Hr13 MJ ME/kg OM made up of rapidly 

fermented carbohydrates 

Raw Material Percent Nutrient 

Maize (Crushed) 60.00 Dry matter 

Molasses 7.00 ME Ruminant 

Morpalm 4.50 Crude Prot. 

Soya Oi 1 Cake 5.00 UOP 

Urea 1.37 TON 

Limestone 0.97 AOr 

Salt 0.40 NOr 

Sod Bicarb 0.50 Crude fibre 

Lucerne 20.00 rat 

Min 8c Vit Premi x· 0.10 Salt 

Monocalcium Phos 0.29 Calcium 

Rumensin (mg/kg )b 30 Phosphorus 

Tylosin (mg/kg )b 10 

Total 100.13 

** All rations are on a "as is" basis. 

a CO.Mercial pre.ix 

• Active ingredient 

Level in 
Unit reedc 

g/kg 886.52 

MJ/kg 11.83 

g/kg 141.82 

g/kg 28.75 

% 74.74 

g/kg 87.36 

g/kg 127.75 

g/kg 53.38 

g/kg 68.62 

g/kg 4.08 

g/kg 7.08 

g/kg 3.00 

C Based on tabular values of feedstuffs. If expressed on a DM basis, protein, 

calciuM and phosphorus requireMents are slightly higher than what the aniMal 

requires. 
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Table 4 - Ration 2 (SF"13): SF13 MJ ME/kg OM made up of by­

products that contain slowly fermented carbohydrates 

Raw Material Percent Nutrient 

Hominy chop 55.00 Dry matter 

Molasses 7.00 ME Ruminant 

Sorghum 10.00 Crude Prot. 

Morpalm 4.50 UOP 

Urea 1.47 TON 

Limestone 1.10 AOF 

Salt 0.40 NOF 

Sod Bicarb 0.50 Crude fibre 

Lucerne 20.00 Fat 

Min &c Vit Premi x· 0.10 Salt 

Rumensin (mg/kg)b 30 Calcium 

Tylosin (mg/kg)b 10 Phosphorus 

Total 100.07 

** All ration<i are on a "as is" basis. 

I COM.ercial preMix 

• Active ingredient 

Level in 

Unit Feedc 

g/kg 892.13 

MJ/kg 11.68 

g/kg 141.95 

g/kg 37.20 

Yo 73.80 

g/kg 109.13 

g/kg 233.76 

g/kg 85.44 

g/kg 99.16 

g/kg 5.47 

g/kg 7.04 

g/kg 4.17 

C Ba<ied on tabular values of feedstuffs. If expressed on a DM basis, protein, 

calciuM and phosphoru<i require.ent<i are <ilightly higher than what the aniMal 

requires. 
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Table 5 - Ration 3 (HF10): HF10 MJ ME/kg DM made up of rapidly 

fermented carbohydrates 

Raw Material Percent 

Maize (Crushed) 31.50 

Molasses 7.00 

Urea 0.67 

Salt 0.30 

Lucerne 60.00 

Min 8c Vit Premix· 0.10 

Mono sod phosphate 0.70 

Rumensin (mg/kg )b 30.00 

Tylosin (mg/kg)b 10.00 

Total 100.27 

** All rations are on a "as is" basis. 

I Co •• ercial preMix 

• Active ingredient 

Level in 

Nutrient Unit Feedc 

Dry matter g/kg 890.33 

ME Ruminant MJ/kg 9.27 

Crude Prot. g/kg 141.32 

UDP g/kg 33.00 

TDN Yo 60.46 

ADF g/kg 210.37 

NDF g/kg 262.01 

Crude fibre g/kg 150.22 

Fat g/kg 17.92 

Salt g/kg 3.05 

Calcium g/kg 7.28 

Phosphorus g/kg 3.80 

C Based on tabular values of feedstuffs. If expressed on a DM basis, protein, 

calcium and phosphorus requirements are slightly higher than what the animal 

requires. 
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Table 6 - Ration 4 (SI="10): SF10 MJ ME/kg OM made up of by­

products that contain slowly fermented carbohydrates 

Raw Material Percent Nutrient 

Hominy chop 27.00 Dry matter 

Molasses 7.00 ME Ruminant 

Sorghum 5.00 Crude Prot. 

Urea 0.38 UDP 

Salt 0.30 TON 

Lucerne 60.00 ADF 

Min Sc Vit Premi x' 0.10 NOF 

Rumensin (mg/kg)b 30 Crude fibre 

Tylosin (mg/kg)b 10 Fat 

Salt 

Calcium 
Phosphorus 

Total 99.78 

** All rations are on a "as is" basis. 

I COMmercial preMix 

~ Active ingredient 

Level in 

Unit Feedc 

g/kg 892.66 

MJ/kg 9.27 

g/kg 141.80 

g/kg 38.47 

Yo 60.59 

g/kg 223.56 

g/kg 316.79 

g/kg 167.82 

g/kg 32.76 

g/kg 3.78 

g/kg 7.42 
g/kg 3.27 

C Based on tabular values of feedstuffs. If expressed on a OM basis, protein, 

calciuM and phosphorus requireMents are slightly higher than what th@ aniMal 

requires. 
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2'abl. 71 Bstimated nutrient specifications of the raw materials used for the formulation of the test 
rations. All specifications are on an AS IS basis 

Hom.ny SOJ· 
Rutri.Dt Ulda chop Mai •• 1101 ••••• Sorgbua IIorpal .. LucerD. OIC 

Dry _tter q/kq 889 880 750 900 980 909 905 

III RwU.Dant MJ/kq 12 12.33 9 12 30 7.97 11.18 

Cruct. proteiD q/kq 100 78 30 112 0 160 441.2 

UDP q/kq 45 28.86 0 44.8 0 40 69.54 

-rD. q/kq 736 753 559 736 2467 550 130 

ADP q/kq 61.8 26.6 0 44 0 337.6 80 

RDP q/kq 262.8 10.4 0 92 0 400.9 110 

Crud. fibre q/kq 60 20 0 25 0 250 45 

rat q/kq 90 35.8 0 34 980 11.15 18 

Salt q/kq 2.6 0 0 0.26 0 0.1 1.28 

Calcium q/kq 0.55 0.2 1 0.4 0 11.25 2.55 

Pbo.phor118 q/kq 5.8 2.35 3 3.3 0 2.2 6.65 
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2.2.5 Day of arrival at BTS • Processing 

The slaughter group was sent immediately to Cato Ridge Abattoir 

for carcass evaluation. The remainin9 eighty-four animals 

underwent the usual introduction program as used by Beefmaster, 

which was the following: 

1) Beefmaster ear tag in the left ear 

2) Ralgro implant (Zeranol - Resorcylic Acid Lactone; Hoechst 

JHB, RSA) 

3) 1 ml Anthrax (Vaccine) 

4) 2 ml Bovishield (Vaccine against Bovine Respiratory 

Syncytial Virus (BRSV), Intra Bovine Rhinotracheitis (IBR), 

Para Influenza 3, Bovine Viral Oiaree (BVO); SmithKline 

Beechem, JHB, RSA) 

5) 5 ml Quarter evil and Botulism (Vaccine) 

6) 10 ml Tylosin 200 (Tylan Base; Eli Lilly JHB, RSA) 

7) 15 ml Engemycin 10 % (Oxy Tetracycline.HCL 10% solution; 

Intervet SA, JHB, RSA) 

8) 25 ml Vit B complex 

9) 25 ml Valbazen (Albendozol 7.5%; SmithKline Beechem, JHB, 

RSA) ~ Hi Dose (Vit A 500 IU/ml and Vit E 51 IU/ml; SmithKline 

Beechem, JHB, RSA) 

10) Teething and weighing of the animal 

All animals were checked for any abnormalities or defects. One 

animal was found to have a pharyngeal problem. When under stress 

it had difficulty in breathing but otherwise grew normally. This 

animal was allocated to the digestibility and pH trials as it was 

one of the lightest animals. 

The pens used for the experiment were identical in every respect. 

Accordingly, to keep management as simple as possible and hence 

ensure that the right rations were fed to the right groups the 

treatment pens were simply allocated sequentially as set out in 

Table 8. 
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2.2.6 Feeding Procedures 

2.2.6.1 AdaptAtion period 

The Adaptation period was from 17/6/94 to 717194, a total of 20 

days. The animals were placed in their respective pens and 

lucerne hay was placed in the feeding bins. The springs which 

automatically shut the Kalan gate when opened were disabled, so 

that the gate would open freely. All the gates were opened so 

that the animals could see the feed on entering the pens. For the 

following four days lucerne (approximately 3 kg) was fed in the 

morning and evening. After day four the springs that shut the 

gates were activated but without the catch. This meant that the 

animals had to physically push open the gate but did not have to 

trigger the solenoid to open the gate. 

Table B: Allocation of animals to specific feeding pens 

Animal No Pen number Tag colour Rat ion 

A1 - A10 A Yellow HF13 

All - A20 8 Yellow HF13 

821 - 830 C White SF13 

831 - 840 0 White SF13 

C41 - C50 E Orange HF10 

CS1 - C60 F Orange HF10 

061 - 070 G Green SF10 

071 - 080 H Green SF10 

Together with the lucerne approximately 2 kg of the test ration 

was fed in the morning and evening to the respective groups. On 

day ten of the adaptation period, all animals were fitted with 

a collar. Suspended from the collar hung a transponder. Each 

transponder opened a specific Kalan gate and each animal had to 

learn to open its own gate. 
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Plate 1: Animals on arrival at the Bull Testing Station and start 

of the adaptation period of the feeding trial 
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2.2.6.2 Feeding trial 

As will be described, problems during the trial had the effect 

of dividing the trial into three distinct phases or periods. 

These were days 0-33, 36 to 68 and 71 to 99. 

HF13 and SF13 rations were pelleted and bagged in 50 kg bags by 

Meadow feeds, Pietermaritzburg. The concentrate part of rations 

HF10 and SF10 were mixed and bagged by the same company, and the 

milled lucerne was supplied on its own. The concentrate and 

lucerne were then hand mixed at the BTS. Each animal had its own 

feed bag which were weighed before being tipped into the animals 

feed bin. For the first 42 days feed was allocated ad libitum, 

the bins being checked and filled twice per day. 

Plate 2: The steers were all sorted according to the treatments 

On days 39 to 41 a total of 19 animals bloated on the high energy 

rations (HF13 and SF13). Rumen contractions seemed to have had 

ceased and animals appeared to be "off feed" and experiencing the 

roller coaster effect. 
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On day 42 animal A5 died of severe acidosis and the effects of 

bloat. All the animals from these two treatments were taken to 

the adaptation pens for two days where they were fed hay (stalky 

Eragrost is) and water ad Jib. On the second day in the adaptat ion 

pens all the animals were dosed with a Yea Sacc 

(Sacchoronyces Ceoevisiae - 109/bolus; Alltech, Somerset 

RSA) which is a dry tablet containing yeast organisms. 

Bolus 

West, 

Plate 3: A rear view of a few a ni mals illustrating body condition 

during the adaptation period 

I n an attempt to prevent a recurrence 0 f these events, on 

returning the animals to the treatment pens, they were fed five 

times per day and feed was allocated according to a system of 

"feed bunk scoring". The idea was to force the animals to spread 

their intakes more evenly throughout the day and from day to day. 

Thus, the expected daily intake of each individual was calculated 

and this intake was spread over the five feeds. This meant that 

at each feeding the feed from the previous feed would be finished 

or at least nearly finished . It would be impo9sible for an 

animal to eat in any day very muc h more than the average intake 
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of the previous two days. The feeding times were 07h30, 09hOO, 

12h30, 16hOO, 21hOO. The night staff at the BTS finished work at 

midnight and as bloating could normally be expected to occur 

within two hours of a feed it was important to have the last feed 

for the day at least two hours before the staff at the BTS left 

for the night. Thus, these feeding times while not ideal, suited 

the daily routine of the BTS. Scheduled feeding was introduced 

on day 51 of the trial. 

The Bcoring and feed allocation system was implemented as 

follows: -

1) Feed was allocated using a system of scoops. Rations HF13 

and SF13 being pelleted and therefore less bulky, were 

measured out with a plastic scoop which held approximately 

850g of feed. The HFIO and SFIO rations were measured out 

with a plastic bucket which held approximately 2kg feed. 

As the ·scoops· were taken from each animal's previously 

weighed bag of feed, actual weights of feed eaten were 

accurately recorded. 

2) The initial maximum daily allocation of feed for each 

animal was determined from the records of the previous 44 

days of the feeding trial. After the initial few days on 

the new system, the maximum allocation per day was based 

on the average consumpt ion 0 f the prev ious two days. 

Potential increases in consumption were allowed for by 

round i ng up t he average by one scoop. Th i sperm it ted 

animals to increase their daily consumption but prevented 

any drama tic inc reases and hence drama tic day to day 

fluctuations. 

3) The maximum number of scoops or buckets that an animal was 

to receive for a day was calculated each morning. The 

maxima were determined according to the times between feeds 

but the actual allocation at any feeding depended how well 

the animal had c leaned up its feed from the previous 
feeding. 
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4) At each feedi ng, each bi A was given a bunk score (i n 

effect, a measure of feed eaten in the previous feeding 

period) and then feed allocated according to a combination 

of bunk score and permitted maximum number of scoops. The 

bunk scoring system was: 

Score 1 No feed left in bin, I i eked clean. 

Score 2 Some feed left in bin, bottom of bin covered wi th feed. 

Score 3 reed left, approximately 0.5 kg of feed. 

Score 4 reed in bin disturbed, some eaten. 

Score 5 reed in bin untouched. 

The system devised to control these variables of allocations per 

day and per feed are set out in Tables 9 and 10 and the actual 

feed sheet forms used are illustrated in Appendix B. 

Table 9: reed distribution table. 

MAX rEED· 6 7 8 9 10 11 12 13 14 

07h30 2 2 2 3 3 3 3 3 4 

09h30 1 2 2 2 2 2 2 3 2 

12h30 1 1 1 1 1 2 2 2 3 

16hOO 1 1 1 2 2 2 3 3 3 

21hOO 2 2 2 2 3 3 3 3 4 

I The top row represents the permitted maximum number of scoops for the day. 

The columns show the permitted maxima at anyone feed. 
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Table 10: Feed allocation table. Scoops per feeding determined 

from bunk score and maximum number permitted per feed. 

Bunk score -> 1 2 3 4 5 

Maximum 1 1 1 0 0 0 

scoops 2 2 1 0 0 0 
per 

3 3 2 1 0 0 
feeding 

4 4 3 1 0 0 

Examples of how the feed program worked: 

F"or the 12h30 feeding 

Bunk score 1 , Max feed in 10, Max scoops in 1 , 1 scoop of feed 

fed 

Bunk score 2, Max feed in 10, Max scoops in 1 , 1 scoop of feed 

fed 

Bunk score 3, Max feed in 10, Max scoops in 1 , o scoops of feed 

fed 

Bunk score 4, Max feed in 10, Max scoops in 1 , o scoops of feed 

fed 

Bunk score 5, Max feed in 10, Max scoops in 1 , o scoops of feed 
fed 

F"or the 07h30 feeding 

Bunk score 1 , Max feed in 15, Max scoops in 4, 4 scoops of feed 
fed 

Bunk score 2, Max feed in 15, Max scoops in 4, 3 scoops of feed 
fed 

Bunk score 3, Max feed in 15, Max scoops in 4, 1 scoop of feed 
fed 

Bunk score 4, Max feed in 15, Max scoops in 4, 0 scoops of feed 
fed 

Bunk score 5, Max feed in 15, Max scoops in 4, o scoops of feed 
fed 
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Plate 4: Bunk scorin9_ The upper photo illustrates a bunk score 

of one whilst the lower one illustrates a bunk score of three 
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Any animals treated for acidosis and boat after the 

implementation of the feeding program described above had their 

maximum daily feed allocation reduced. This was done to give the 

rumen time to return to normal. The animal would then be forced 

to take several days to work back up to its previous maximum feed 

intake. 

On days 63 and 64 of the feeding trial animals again started to 

bloat and show signs of acidosis. On day 65 animal 831 died and 

six other animals were sick. On· day 66 another eight animals 

became ill due to acidosis and bloat. The animals in HF13 and 

SF13 groups were taken off the rations for the second time and 

fed on stalky Eragrostis and water for the next two days and 

dosed with a Yea Sacc Bolus. 

Milling and pelleting of the lucerne in the high energy rations 

could be expected to have a marked effect on the physical 

properties of lucerne leading to reduced rumen motility and 

digestive upsets (erskov, 1986; NRC, 1986). Prof Meissner 

(Personal communication, 1994), who had helped devise the trial, 

was consulted, and it was decided that the particle length of the 

fibre in the ration may have been inadequate due to the 

pelleting. So from day 67 the animals were fed the ration in 

unpelleted form. In addition, at the 07h30 feeding, the high 

energy groups were fed 0.5 kg of stalky hay per animal per day. 

2.2.7 Weighing back feed 

All feed fed to each individual was weighed off in bags before 

feeding. At 08hOO each Monday and Thursday any feed not eaten and 

any feed that had fallen below the feed bins was weighed back. 

In this way the intake of each animal was determined twice a 
week. 

2.2.8 Mass of animals 

Every Monday and Thursday at about 07hOO, following a starvation 

period of ten hours, all animals were weighed. 

35 



2.2.9 Individual PerforMance of each Ani.al 

Three linked spreadsheets, named Feed. WQl , l1ass.WQl and 

l1ass_calc.WQ .', were built to record and calculate the individual 

performance of each animal viz: average daily gains (AOG), daily 

feed intake and the ratio of feed intake to mass gain (see 

appendix A). 

2.2.10 DMI as a X of live mass 

Dry matter intake (OMI) as a percentage of body mass wa5 

calculated for the three periods and the whole trial. Statistical 

analyses of results were done according to the Two tail t test 

and only applied within the high or low energy levels and not 

across. (Rayner, 1967 and Johnson & Bhattacharyya, 1996). In an 

attempt to derive an equation in which live mass (independent 

variable) can be used to predict OMI (dependent variable), 

various multiple regression analyses using linear and quadratic 

models were carried out on spreadsheet (Microsoft Excel 5). For 

the linear and quadratic models, regressions were done for the 

three periods (0-33, 36-68, 71-99 days) and the whole trial (0-99 

days) • 

2.2.11 Statistical analysis of group perforMance 

Applying a Two tail t Test within the high and low energy levels 

(Rayner, 1967 and Johnson & Bhattacharyya, 1996), treatments, 

both overall and for each of the periods, were compared for dry 

matter intake per day (OMI/day), live weight gain, feed 

conversion ratio's (FeR) and average daily gain (AOG). 

2.2.12 Carcass Evaluation 

At the end of the feeding trial, all animals were slaughtered and 

graded according to the "Regulations regarding the classification 

and marketing of meat", (Agricultural Product Standards Act, 

1990: Act no 119 of 1990) for overall fat, grade, conformation 

score, age and bruising. The ratio of the warm mass to the 

departure mass determined the slaughter percentage. 

After 24 hours in the cold rooms the carcasses were further 

evaluated. The right side of each carcass was quartered between 

the 10th and 11th ribs. Fat thickness was measured 25 mm and 50 
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mm from the midline of the spinal column (C and D measurements). 

Eye muscle length and breadth (cm) was also measured (Slabbert 

et al 1992). A subjective evaluation of the following traits was 

made: carcass, buttock, back and fore quarter fat code (score 0 -

6), fore and hind conformation (Score 1 - 10), internal fat 

(Score 1 - 3) and marbling (score 1 - 3) (Meat Board, Pretoria, 

1994) • 

Slaughter percentage, fat thickness (C + D) and eye muscle length 

and breadth measurements were analysed according to the Two tail 

t test (Rayner, 1967 and Johnson 8c Bhattacharyya, 1996). The 

assessments of grading, carcass, buttock, back and fore quarter 

fat code, fore and hind conformation, internal fat and marbling 

were analysed using the Chi squared test (Rayner, 1967). Again 

the tests of significance was only applied within the high and 

low energy levels and not across. 

2.3 Results and Discussion 

At the start of the actual feeding trial, animals had lost weight 

due to the adaptation period as they had to be taught how to open 

the Kalan gates. Nevertheless there was a non significant, even 

distribution of initial live mass within the four groups (HF13 -

207 kg, SF13 - 213 kg, HF10 - 218 kg and SF10 - 218 kg). 

2.3.1 Combating the "Roller Coaster" effect 

The scheduled feeding that was implemented to combat the "roller 

coaster" effect in the animals on rations HF13 and SF13, helped 

but was not in itself successful. When stalky hay (Britton & 

Stock 1986) together with an unpelleted ration was fed (Personal 

communication Meissner, 1994), the number of cases of acidosis 

and bloat was substantially reduced although some cases continued 

to occur. Scheduled feeding did have several advantages; acidosis 

and bloat became controllable, fresh feed put out at regular 

intervals was always available which in turn stimUlated feed 

intake. For all practical purposes feeding was as close to ad 

libitum conditions as possible. 
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2.3.2 Death of animals and selected animals removed fro. 

treatMents 
Of the twenty animals per treatment which were assigned at the 

start of the experiment several ei ther died or had to be 

withdrawn from the trial. On day 26, animal 839 from the SF13 

group died due to severe acidosis (rumen pH 4.2) combined with 

bloat. Two more animals died, A5 on HF13 and 831 on SF13 rations 

resulting from the same metabolic disturbance. Eleven animals 

over the four treatments never mastered the opening of the Kalan 

gates. As a result they had very poor feed intakes and 

consequently ADGs. Their data was not used for the statistical 

analyses. 

2.3.3 DMI as a percentage of live mass of the animal 

Table 11 shows that an increase in the % DMI as a percentage of 

live mass did occur over the three periods as was expected as the 

animals were still growing. The observed values were 

substantially lower than those reported by van Ryssen (1992) and 

Hicks et a1. (1986), However, towards the end of the feeding 

period, figures of > 2% were measured. This is in agreement with 

work done by Hicks et a1. (1986). 

Table 11: Dry matter intake (OMI) as a percentage of live body 

mass 

DMI as percent of live massl 

F"eeding period HF"13 SF"13 HF"10 Sf" 10 

0-33 days 1.819i 2.214b 2.280 2.255 

36-68 days 1.8<38 1.855 2.335 2.0<33 

71-99 days 2.286 2.15<3 2.5<31 2.598 

0-99 days 2.024 2.072 2.424 2.330 

1 0"1 as percent of live mass = mean 0"1 I .ean Live .ass * 100 

I,. "eans l' n the s"lIIe row wl·th d' ff t . t D 1 eren superscrlp s differ significantly (p 

< 0.05) 

HF13, n=18; SF13, n=16; HF10, n=17; SF10, n=14. 
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During the 0-33 day period animals on the SF13 rations showed an 

significantly greater <p < 0.1) DMI as a percentage of live mass 

compared with the HF13 group. 

2.3.3.1 Regression analysis of live .ass vs OMI: HF13 vs SF13 

rations 

A simple relationship between live mass and DMI is not likely to 

exist because of differences in live mass due to previous 

nutritional levels of the animals or age or breed differences 

<Saubidet Sc Verde, 1976; Owen, 1991). Table 12.1 tabulates the 

regression analysis illustrating the relationship between DMI and 

live mass while Figures 2 and 3 show the actual data. 

Table 12.1: Regressions of live mass vs DMI. Based on the model: 

Y = a + ~x + ~x2+ ( where y = DMI and x = live mass 

Ration Intercept Live .ass 

HF13 

0-33 days -243.225b 2.0999b 

-13.17161 0.08361 

36-68 days -20.0306 0.1839 

4.9343 0.0006 

71-99 days -148.096 0.9071 

-15.1831 0.07021 

0-99 days -1.4039 0.0105 

-5.2641 1 0.0391 1 

SF13 

0-33 days -354.947· 2.9801 1 

-19.1670· 0.1018 

36-68 days -27.528 0.2462 

9.3359 -0.0146 

71-99 days -160.655 0.9574 

-18.6921 1 0.07881 

0-99 days 2.4028 -0.0059 

-2.3914 0.2881 

I Test of significance (p < 0.05) 

'Test of significance <p < 0.1) 

Live IRass2 R2 

-0.0044b 72.68 

- 54.60 

-0.0003 0.31 

- 0.01 

-0.0013 88.06 

- 81.70 

0.0001 68.60 

- 68.41 

-0.0061 1 85.72 

- 57.92 

-0.0005 5.23 

- 4.32 

-0.0014 88.54 

- 84.15 

0.0001 44.29 

- 43.99 

SE 

0.9185 

1.1075 

1.1620 

1.0886 

0.5853 

0.6708 

1.0986 

1.0812 

0.8342 

1.3796 

0.9677 

0.9095 

0.5890 

0.6415 

1.3566 

1.3151 
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The use of Quadratic models describing the data over the 99 day 

feeding period proved to be ineffective. Even with a low R2 value 

for SF13 (HF13=68.41i. vs SF13=43.99%), linear models using live 

mass, was found to be the only significant variable (p < 0.05) 

for both HF13 and SF13, which describes the data the best over 

this period. 

Both the linear and quadratic mod~ls for the period 0-33 showed 

that live mass as a predictor of OMI was highly significant. High 

R2 values for the quadratic models of both treatments were noted 

(HF13=72.68% vs SF13=85. 72%). Regarding the quadratic models, the 

tapering off of OMI in relation to live mass could be contributed 

to the fact that the animals started to show the effects of the 

roller coaster phenomenon. 

Nor linear or quadratic models could describe the data during the 

36-68 day period. This was because firstly the animals lost a 

considerable amount of weight and secondly because there was a 

great variation in OMI per day. Figures 2 and 3 clearly 

illustrate the peaks and troughs regarding the OMI and hence the 

animals exhibiting the roller coaster effect. On days 40 to 47 

and 64 to 71 a significant decrease in feed intake was recorded. 

The animals on these days were taken off the ration, fed hay and 

treated for acidosis and bloat. On these days a decrease in live 

mass was also noted. Scheduled feeding which was introduced on 

day 51 which also contributed to the change in feeding patterns. 

On day 68 the new unpelleted ration together with the 

supplementation of 0.5 kg of hay each morning was introduced. 

With the scheduled feeding program, this way of feeding was too 

try and solve all the digestive upsets. During the 71-99 day 

period, the linear models only exhibited a significant live mass 

predictor of OMI (p < 0.1) and good R2 values of 81,70% and 

84.15% for HF13 and SF13 rations were recorded respectively. 

This illustrates that during the last period, when animal 

performance was not hampered by digestive upsets, and that there 

was, as expected, a relatively strong relationship between live 

mass and OMI. 
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It is hypothesised that animals on SF13, which was made up of 

slowly fermented carbohydrates, should have had fewer digestive 

upsets than those on ration HF13, the ration with the more 

rapidly fermentable carbohydrates. Acidosis and bloat plagued all 

animals in both SF13 and HF13 treatments. 

2.3.3.2 Regression analysis of live mass vs OMI: HFl0 vs SFl0 

rations 

For the period 0-99 days, the linear model was the only model 

that fitted the data the best for both treatments. Significant 

live mass variables (p < 0.05 and 0.1) and reasonable R2 values 

(HF10=61.55 vs SF10=58.09) were noted (Table 12.2). 

Table 12.2: Regressions of live mass vs DMI. Based on the model: 

Y = a + 6x + 6x2+ ( where y = DMI and x = live mass 

Ration Intercept Live mass Live .ass1" Rl SE 

HF"10 

0-33 days -371.540· 3.0617· -0.0062· 67.23 1.2822 

-13.1046 0.0755 - 29.36 1.7611 

36-68 days 82.3490 -0.4972 0.0008 11. 17 0.9798 

10.3203b -0.0112 - 4.58 0.9499 

71-99 days 83.5814 -0.4488 0.0007 18.93 0.9763 

0.2246 0.0255 - 17.39 0.9124 

0-99 days -10.0581 0.082 -0.0001 62.07 1.3389 

-3.2172b 0.0348· - 61.55 1.3228 

Sf"lO 

0-33 days -495.231· 4.0903· -0.0083· 85.46 0.9061 

-17.049b 0.0916· - 43.68 1.6683 
36-68 days 101.2119 -0.6959 0.0013 13.10 1.4908 

-2.6389 0.0303 - 10.00 1.4191 
71-99 days 187.2382 L1.0772 0.0016 19.54 1.0145 

1.4703 0.0218 - 10.64 0.9898 
0-99 days -7.1218 0.0560 0.000 58.13 1.4690 

-4.7908· 0.0396· - 58.09 1.4423 

• Test of significance (p < 0.05) 

• Test of significance (p < 0.1) 
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Live mass as a variable to predict OMI was found to be highly 

significant (p < 0.05) for the period 0-33 days, especially 

regarding the quadratic model. For the 36-68 and 71-99 day 

periods (p < 0.05 and 0.1) the live mass as a variable was found 

to be non-significant. 

Even though no digestive disturbances were anticipated or 

experienced in the two low energy treatments, dips and troughs 

in the OMI curve were observed before and even after feeding 

scheduling (Day 57) was implemented (Figures 4 and 5). 

Figures 4 and 5 show a clear decrease in OMI on day 61. Four days 

previously, the animals in these treatments were also introduced 

to the scheduled feeding program. This decrease in feed intake 

could have been be due to a change in the feeding patterns, as 

the animals now became "meal eaters" instead of feeding ad 

libitum. Another contributing factor to DMI intake variation may 

have been the scoop size used for the high roughage, low energy 

rations. The bucket used held approximately 2 kg feed and hence 

scheduled feedi ng in these groups was perhaps too crude when 

compared to the high energy treatments where a 850g scoop was 

used. 

2.3.4 Group performance over the four treatments 

Results of the trial are set out in Tables 13.1 and 13.2. 

2.3.4.1 HF13 vs SF13 rations 

There were no significant differences (p < 0.05) in live mass 

gain, AOG, FCR or OMI/day between treatments over the 99 day 

feeding period (Table 13.1) There was only one signi ficant 

differences (p < 0.1) between the treatments for the 3 feeding 

periods (Table 13.2) viz FCR for period 0-33 days in favour of 
SF13. 
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Table 13.1: Live mass gains and dry matter intakes for the 

overall feeding period of 99 days 

Ani.al Performance ~ HF"13 SF"13 HF"10 SF10 

No Animals per treat.ent (n) 18 16 17 14 

Average Initial "ass 207 213 218 219 

Average Final "ass 344 348 372 359 

Live weight gain 138 135 154 140 

ADG 1.39 1.36 1.56 1.42 

Average D"I per animal per day 5.44 5.76 7.17 6.68 

FeR 4.82 4.71 5.01 5. 11 

ADG = Average daily gain = Final-initial mass of each animal/99 days 

FeR = Feed conversion ratio = Avg feed intake per animal per day/Avg daily 

gain of each ani.al 

Animal S96 showed from the start of the trial a poor ADG and DMI. 

During the 71-99 day period it actually recorded a negative ADG 

(-0.29kg/day), live weight gain (-9kg) and FeR (-17.44), The 

performance of this animal has influenced the performance 

parameters for HFI3, particularly the FeR (HFI3=3.46 vs 

SFI3=5.20). This animal did however know how to open the Kalan 

gate and was therefore left in the trial. Later at the abattoir, 

it was revealed that this animal was infested with 

bladderworms/measles from Taenia siginata, which explains the 

poor performance. 

2.3.4.2 HF'10 vs SF10 rations 

Similar to the high energy rations there was no significant 

differences (p < 0.05) in live mass gain, ADG, FeR or DMl/day 

between treatments over the 99 day feeding period (Table 13.1). 

Animals on the HFI0 ration during the period 36-68 days showed 

a significantly better ADG and live weight gain (p < 0.05). A 

similar trend was observed for the rest of the parameters set out 

in Table 13.2 as that of the high energy rations and no further 

differences (p < 0.05) where found. 
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Table 13.2: Live weight gains, ADG, DMI/day and FeR per animal 

over the three feeding periods 

Ani.al Perfor.ance HF"13 SF"13 Hf"10 SF'10 

No Animals per treat.ent 18 16 17 14 

Live weight gain (kg) 

o - 33 days feeding 40.44 42.63 46.24 42.43 

36 - 68 days feeding 41.83 42.94 53.94i 44.71 b 

71 - 99 days feeding 52.78 48.31 41.53 42.07 

Ave Daily Gain (kg) 

o - 33 days feeding 1.23 1.29 1.40 1.29 

36 - 68 days feeding 1.20 1.23 1.54· 1.28b 

71 - 99 days feeding 1. 70 1.56 1.34 1.36 

D"I/day (kg) 

o - 33 days feeding 4.20 5.22 5.59 5.43 

36 - 68 days feeding 5.08 5.19 6.96 6.01 

71 - 99 days feeding 7.16 6.99 9.08 8.74 

F'eed Conversion Ratio (F'CR) 

o - 33 days feeding 3.76c 4.93d 4.72 4.68 

36 - 68 days feeding 5.19 4.92 5.03 5.75 

71 - 99 days feeding 3.46 5.20 7.54 7.19 

~~ fteans in a row with different superscripts differ significantly (p < 0.05) 

cr' fteans in a row with different superscripts differ significantly (p < 0.1) 

ADG = Average daily gain = Final-initial mass of each aniMal in the period 

concerned/no days concerned in each period 

FeR = Feed conversion ratio = Avg feed intake per ani.al per day/Avg daily 

gain of each ani.al 

The ADGs of the animals in the low energy treatments was better 

than in the high energy treatments ( HF10=1.56 and SFI0=1.42 

kg/day versus HF13=1.39 and SF13=1.36 kg/day) which was 

unexpected. The feed with the higher energy levels should have 

given better growth results. The main reason for better ADG 

values of the animals on the low energy rations must be 

attributed to more stable rumen functioning (due to the high 
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lucerne content), especially pH. The result was a better feed 

intake and therefore growth. 

2.3.5 Carcass Evaluation 

At the start of the feeding trial eleven animals which were 

representative of the animals starting the feeding trial were 

sent to the abattoir. These animals were slaughtered for a 

carcass evaluation. This represented the initial carcass traits 

and which would be compared to the animals that finished the 

feeding trial. The data collected at Cato Ridge Abattoir for the 

initial and final slaughter measurements has been set out in 

Table 14. 

There was, as expected, a great difference between the initial 

and final slaughter carcass evaluations. The initial carcasses 

were very lean, had a blue tint in colour and did not have 

adequate muscle conformation. 

2.3.5.1 HF13 vs SF13 rations 

The only significant difference (p < 0.05) regarding the 

slaughter 'Yo, fat C + D and eye muscle length and breadth 

measurements, was that of calculated slaughter 'Yo in favour of 

SF13. This shows that animals on SF13 rations had a slightly 

larger carcass than the animals on the HF13 ration. No 

significant differences (p < 0.05) were found for the rest of the 

carcass evaluations. In general SF13 was the better treatment 

although most of the measurements were non significant. 

2.3.5.2 HF10 vs SF10 rations 

There was a significant difference (p < 0.05) in the eye muscle 

length between the HF10 and SF10 groups. The remainder of the 

measurements were not significantly different (p < 0.05). The 

trends in the evaluations were similar to those found in the high 

energy rations. 
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I n general HF10 treatment gave the more favourable resul ts 

although there was no significant differences between most of the 

measurements. 

Table 14: Carcass evaluation of the initial and final slaughter 

groups 

Carcass Initial 

Traits slaughter HF13 SF13 HFIO stlO 

No. Animals 1 1 18 15 17 14 

Departure mass 208 345.17 347.07 368.18 359.93 

Warm mass 105 188.56 194.20 197.71 191.43 

Cold mass 101.64 184.11 189.47 193.47 187.21 

Slaughter 7- 50.62 54.60· 55.89b 53.61 53.12 

Fat C (mm) 0.64 4.07 4.51 5.42 4.09 

Fat D (mm) 0.41 3.42 3.53 3.85 3.61 

Eye muscle length (cm) 10.71 11.92 12.37 12.53· 11.70b 

Eye IRUscle breadth (cm) 3.87 7.09 7.22 7.03 6.86 

Grade/Class 

AO 7 - - - -
At 3 6 3 6 5 

A2 1 10 10 7 5 

A3 - 1 2 3 4 

A4 - 1 - - -
AS - - - 1 -

~. "eans in a row with different superscripts differ significantly (p < 0.05) 

** Slaughter X = war. mass / departure .ass * 100 

** Grading: A refers to the Age class and the carcass has no per.anent 

incisors. The nu.bers after the Age class refer to the fatness of the carcass, 

where 0 = No fat, 1 = lean, 2 = lean, 3 = .ediu., 4 = fat, 5 = slightly 

over fat, 6 = excessively over fat. 
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Chapter :3 

Digestibi1ity Studies 

3.1 Introduction 

The digestibility of a feed is defined as that proportion which 

is assumed to be digested and absorbed by the animal and thus 

available for metabolism. A chemical analysis is the starting 

point for determining the nutritive value of a feedstuff. The 

value of a feedstuff is not entirely dependent upon the amounts 

of several nutrients it contains. The actual value can only be 

made after ' making allowance for losses that occur during 

digestion, absorption and metabolism (Cheeke, 1991; MacDonald et 

al. 1987; Schneider & Flatt, 1975). 

Plate 5: Animal S98 in the metabolic crate during the last 

digestibility trial. Once in the crate, the animal underwent a 

five day adaptation period before the collection of data over the 

following five days 
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3.2 Procedure 

Three digestibility trials were performed. Metabolic crates 

stationed in the Metabolic House, Cedara Agricultural Development 

Institute, were used to run the three complete digestibility 

trials. Each crate was equipped with a water bucket, feed bin and 

two collection pans, one for urine and the other for faecal 

collection. 

3.2.1 Allocation of animals to treatments 

For the first digestibility trial, each animal was allocated to 

a specific test ration. Thereafter the animals were fed in a 

cross over design on one of the test rations. The arrangement of 

animals and allocated rations is set out in Table 15. 

Table 15: Allocation of animals to a particular test ration 

Animal Digest Live Digest Live Digest Live 

Number Trial 1 Mass Trial 2 Mass Trial 3 Mass 

S97 / 073 SF10 199 HF13 223 HF10 262 

S98 HF13 211 SF10 242 SF13 261 

S99 SF13 197 HF10 226 HF13 250 

S100 HF10 196 SF13 233 SF10 278 

For both the high and low energy rations two bags of feed per 

treatment were taken at random from the feed store. A feed sample 

was taken from each bag during the actual digestibility trial. 

These feed samples were chemically evaluated for crude protein, 

calcium, phosphorus, ADF, NDF, EE and gross energy. During the 

final digestibility trial and the first pH trials, rations HF13 

and SF13 were not pelleted but was given in meal form. Animal S97 

was replaced by animal 073 for the final digestibility trial. 

This was done because this animal had a pharyngeal problem and 

had difficulty in breathing when placed under the stress of 

entering the metabolic crate. 

50 



Before the animals were transported to the Metabolic House they 

were weighed and checked for general body condition. For the 

first two digestibility trials the animals were manhandled into 

the crates but during the last digestibility trial, the animals 

were tranquillised with 1 ml Chanazine 2% prior to loading. 

3.2.2 Routine procedures 

Once in the metabolic crates the animals were subjected to a five 

day adaptation period followed by a five day collection period. 

The animals were inspected twice a day. At 08hOO every morning 

faeces, urine samples and feed orts were collected, weighed and 

recorded. 

3.2.3 Feeding times 

Feeding commenced twice per day, at 08hOO and at 17hOO. Enough 

feed was put out to last until the following feeding. The amount 

of feed fed was based on the previous day's intake but was not 

fed in accordance with the scheduled feeding regime as described 

in Chapter 2. 

3.2.4 Faecal collection 

Faeces that were collected over a 24 hour period were weighed and 

a 10% sample was taken. This was placed in a drying oven for a 

period of 16 hours at a temperature of 60°C. Thereafter, faeces 

samples were weighed again, placed in a brown paper packet and 

stored. A dry matter determination was done on every sample 

collected. At the conclusion of each digestibility trial all the 

faeces collected per animal were mixed and one sample was taken 

for further chemical analysis similar to the feed evaluations. 

3.2.5 Urine collection 

Urine was collected in plastic bottles. These were weighed and 

the total amount of urine voided was determined. 10 ml HCl 

(Concentration 1 Normal) was placed in each collection bottle, 

as a preservative. A 1.0% urine sample was taken from each days 

collection and pooled together in a separate plastic bottle. 

These were then kept out of the direct sunlight until the end of 
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each digestibility trial. The urine was kept frozen until gross 

energy and nitrogen content of the urine could be determined. 

The average feed intake, faecal and urine collection was 

determined over a five day period. 

With the aid of a spreadsheet, various calculations were done to 

determine the digestible nutrients of the four different test 

rations. The resulting digestibility trial data for each animal 

are presented in Appendix K1,.K2 •.• N2,.N4. 

1) Amount of a nutrient in daily feed - Amount of that nutrient 

in daily faeces = Amount of that nutrient digested daily. 

"Consumed" = Amount of a nutrient in daily feed = (Amount of 

feed eaten daily x I. of nutrient in feed)/100. 

"Excreted" = Amount of a nutrient in daily faeces = (Amount 

of faeces excreted daily x I. of nutrient in faeces)/100. 

"Digested" = Amount of a nutrient in daily feed consumed -

Amount of that nutrient in daily faeces excreted 

2) Digestibility Coefficient of any nutrient (I.) = (Amount of 

that nutrient digested daily / Amount of the nutrient consumed 

da i I y) x 100. 

3) Digestible nutrient (I. or MJ/kg OM) in feed = (Coefficient of 

digestibility of that nutrient / 100 x I. of that nutrient in the 

feed) • 

4) Energy lost via methane (Em) (MJ/day) = Gross energy of feed 

x 61. (McDonald et al., 1988, pg 220). 

5) Energy lost via urine (Eu) (MJ/day) = Gross energy of urine 

x urine voided per day (kg). 

6) Energy lost via faeces (Ef) (MJ/day) = Gross energy of faeces 

x amount excreted per day (kg). 

7) Digestible energy (DE) (MJ/day) = Gross energy of feed - Ef. 

8) Calculated Metabolisable energy (ME) (MJ/kg OM): 

[GE - Ef - Em - Eu] / DMI 
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3.3 Sampling and analyses of test rations 

In total 13 feed samples throughout the feeding trial were 

analysed per treatment. These feed samples were sent to the 

University of Natal Feed Lab and were analysed for gross energy 

(GE), fat (EE), dry matter (DM), and total ash (AOAC 1980), Acid 

Detergent Fibre (ADF) ~ Neutral Detergent Fibre (NDF) (Goering 

~ Van Soest 1970), and crude protein, calcium and phosphorus 

(Humbleton 1976). Three faeces samples per treatment were 

analysed in a similar fashion to the feed samples. Gross energy 

and protein values of the two urine samples per treatment were 

analysed according to AOAC (1980). Five feed samples from each 

treatment were analysed for ADIN (Acid Detergent Insoluble 

Nitrogen)(AOAC, 1980) at the Cedara Feed Lab. Total gas 

production (Pienaar, 1995) for five feed samples were determined 

at Irene Animal Production Institute, Centre for Animal 

Nutrition. 

The si gni f i cant di f ferences between the hi gh or low energy 

rations for CP, EE, NDF, NSC and ADIN within the feed were 

statistically tested within the high and low energy levels using 

the two tail t test (Rayner, 1967 and Johnson ~ Bhattacharyya, 

1996) . 

3.4 Analyses of digestibility trials 

As urine was not collected during the last digestibility trial, 

values used to calculate ME have been set out under a section 

"Values used to calculate ME <MJ/kg)" in appendices K4, L4, M4 

and N4. Only two samples of feed, faeces and urine were used for 

this calculation. 

The analysis of digestible nutrients regarding crude protein, EE, 

ADF, NDF, ash, NSC and digestible energy, three samples of feed 

and faeces were used per calculation. Statistical analyses were 

done within the high and low energy levels using the two tail t 

test (Rayner 1967, Johnson ~ Bhattacharyya, 1996). 
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3.5 Results and discussion 

3.5.1 Test rations 

Tables 16 8c 17 show that the consistency of all the rations 

complied with the required specifications. 

Differences in crude protein levels were non significant (p < 
0.05) for both the high and low energy rations. EE levels in the 

two high and two low energy rations were as expected 

significantly different (p < 0.05). This is due to higher fat 

levels of hominy chop compared to maize (10.91 vs 8.41% DM) and 

was also found by Larson et al (1993) and Henning (1995). 

Neutral detergent fibre measures the cell wall content. Larson 

et al (1993) pointed out that hominy chop has a much higher NDF 

than maize. It was therefore expected that SF13 would have a 

higher NDF than that of HF13 and was significantly (p < 0.05) 

different in favour of SF13 ration (26.27 vs 17.26 %). No 

significant NDF differences (p < 0.05) were found on the low 

energy rations. These rations contained 60% lucerne, possibly 

masking the true NDF values of maize or hominy chop. 

Due to large differences in fat and NDF levels in the SF13 

ration, significant difference ( p < 0.05) in terms of NSC was 

found in favour of HF13 (52.30 vs 40.30 %). As NSC is a measure 

of simple sugars and starch, it revealed that HF13 had a higher 

starch content than that of SF13. 

Ac i d Detergent I nso lub 1 e Ni trogen (AD IN) is the theoret i ca 1 

measure of the amount of nitrogen present in the feed that is not 

absorbed in the body of the animal and is excreted. Even though 

hominy chop has a higher UDP value (37 vs 27%) compared to maize 

(Erasmus, 1990) no significant (p < 0.05) difference in ADIN 

between the high or low energy levels were evident (Table 18). 

This indicates that protein irrespective of being RDP or UDP were 

equally digested. 
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rable 16. Peed analyses of BPl3 and SFl3 rations on OM basis (n-IO for each ration) 

" " " " " " " De.c:riptioD Moi.t CP Pat Ca Pbo. Aah imP 

B .. 13-nD 8.22 15.34 8.4a 1.19 0.36 6.69 17.26a 

8 .. 13-"II:D 8.25 15.66 10.91b 1.05 0.41 6.87 26.27b 

arb Means in a column with different superscripts differ significantly (p < 0.05) 

CP = Crude protein 

NSC = 100-NDF-CP-Fat-Ash (as %) 

" GB 

ADP JlJ/kg 

11.85 19.08 

14.00 19.62 

rable 1,. Peed analyses of BPIO and SPIO rations on OM basis (n=IO for each ration) 

" " " " " " " D •• c:riptioD Moi.t CP Pat Ca Ph08 Aah MD .. 

BPI0-.. BBD 7.45 15.15 2.19a 0.90 0.35 7.88 38.85 

SPI0-.. BBD 7.33 15.28 3. n b 0.91 0.36 8.30 39.74 

arb Means in a column with different superscripts differ significantly (p < 0.05) 

CP = Crude protein 

NSC = 100-NDF-CP-Fat-Ash (as %) 

" Gil: 

ADP MJ/kg 

31.91 18.16 

30.43 18.47 

" Calc HC 

52.3oi 

I 40.3ob 

" Calc DC 

35.93 

32.96 
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Table 18: Summarized results of the AOIN analyses (Results on a 

OM basis, n = 5 per ration) 

Treatment HF"13 SF'13 HF'10 SF'10 

Crude Protein (7.) 15.34 15.66 15.149 15.283 

AOIN (7.) 3.466 3.062 4.282 3.870 

3.5.2 Digestibility Trials 

Tables 19.1 and 19.2 show the results of the three digestibility 

trials. Digestible EE in HF13 was significantly (p < 0.05) lower 

than SF13. Digestible NSC was significantly (p < 0.05) higher for 

HF13. This supports the point made by Larson et al (1993) for 

these two feedstuffs viz:- hominy chop contains more digestible 

fat and maize has more digestible NSC. There was surprisingly no 

significant difference (p < 0.05) between the digested NOF in the 

high energy rations. It was expected that SF13 would have a 

significantly higher NDF than that of HF13. It does have a higher 

value (HF13=6.721. vs SF13=12.531.) but it is non significant. This 

is attributed to the great variation in the NDF values obtained. 

A possible reason why no differences were found in nutrient 

digestibilities in the low energy rations was the high lucerne 

content. This could have masked the actual digestibility values 

of maize or hominy chop. 

An important aspect of the digestibility trial was to determine 

true metabolisable energy (ME) of maize and hominy chop and 

strictly speaking, can only be determined by calorimetry. The 

facilities for this are not normally available and assumptions 

have to be made about energy lost as methane. Therefore, 

digestible energy (DE) was determined in the trials and the 

assumption was made that methane energy amounted to 6 percent of 

the GE (McDonald et al 1988). With the energy in the urine 

measured, a calculated ME value could be determined. 

56 



Table 19.1: Results of the digestibility trials for ration HF13 

and SF13. All results on OM basis 

Digestible nutrients 

DMI (kg/day) 

Crude Protein (7.) 

EE (7.) 

NSC (7.) 

ADF (7.) 

NDF(7.) 

Calcium (7.) 

Phosphorus (7.) 

Digestible Energy (MJ/kg OM) 

Calculation of Estimated ME values' 

DMI (kg/day) 

GE intake (MJ/day) 

GE in faeces (MJ/day) 

Energy lost via Urine (MJ/day) 

Energy lost via Methane (MJ/day) 

Calculated ME (MJ/kg OM) 

HF"13 

4.43 

10.64 

8.06a 

47.27a 

4.28 

6.72 

0.60 

0.24 

14.52 

23.90 

4.25 

5.41 a 

12.00 

SF"13 

4.75 

9.75 

10.12b 

31.70b 

4.94 

12.53 

0.37 

0.22 

13.20 

3.76b 

73.61 b 

22.30 

3.55 

4.42b 

11.51 

n = 3 except for 'Calculation of estimated ME values in which case n=2. Refer 

to appendix K4 and L4 section "Values used to calculate ME (MJ/kg)" used to 

calculate the estimated ME values of the respective rations. 

I,~ Means in a row wi th di fferent superscripts di ffer signi ficantly (p < 0.05). 

Obtaining DE values for maize meal and hominy chop used could 

have been done either by feeding the raw material on its own, or 

feeding the raw material in combination with a known amount of 

a basal feed. The first option seems the better of the two but 

this would cause digestive disturbances. The latter option 

requires preliminary digestibility trials to determine the DE of 

a basal feed used for the prevention of digestive upsets. With 

the digestibilities of the basal feed and in combination with the 

concentrate feed known, a calculation can be done to determine 
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the DE of the concentrate feed <McDonald et al 1988 & Crampton 

and Harris, 1969). Thereafter a calculated ME value of the 

concentrate feed can be determined. A complete digestibility 

trial for lucerne as the basal feed was not done. 

Table 19.2: Results of the digestibility trials for rations HF10 

and SF10. All results on OM basis 

Digestible nutrients 

DMI (kg/day) 

Crude Protein (7.) 

EE (7.) 

NSC (7.) 

ADF (7.) 

NDF(7.) 

Calcium (7.) 

Phosphorus (7.) 

Digestible Energy (MJ/kg DM) 

Calculation of Estimated ME values' 

DMI (kg/day) 

GE intake (MJ/day) 

GE in faeces (MJ/day) 

Energy lost via Urine (MJ/day) 

Energy lost via Methane (MJ/day) 

Calculated ME (MJ/kg OM) 

HF10 

5.37 

9.93 

1.53 

33.65 

11.20 

15.59 

0.42 

0.16 

11.31 

5.19 

93.06 

35.67· 

3.66 

5.59 

9.22 

SF10 

5.29 

8.85 

2.30 

30.11 

9.41 

12.84 

0.35 

0.14 

10.43 

5.09 

93.49 

43.31 b 

4.59 

5.61 

7.85 

n = 3 except for 'Calculation of estimated ME values in which case n=2. Refer 

to appendix M4 and N4 section "Values used to calculate ME (MJ/kg)" used to 

calculate the esti.ated "E values of the respective rations. 

~~ "eans in a row with different superscripts differ significantly (p < 0.05). 

Calculated ME values for the high energy rations were 12.00 and 

11.51 MJ/kg OM for maize and hominy based rations respectively. 

No significant difference (p < 0.05) was found for this value 

within the high and low energy rations. 
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Methane was calculated as a percentage (6%) of gross energy 

intake per day (MJ/day). Because there was a significant 

difference (p < 0.05) in the gross energy intake per day between 

the high energy rations, a significant difference (p < 0.05) 

regarding methane was expected and found. 

Gross energy excreted in faeces for the low energy rations was 

significantly different (p < 0.05) from one another. This can be 

attributed to the great difference in faecal output (HF10 = 1.95 

kg/day vs SF10 = 2.33) recorded between these rations. 
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Chapter 4 

pH Tria1 and Tota1 Gas Production 

4.1 Introduction 

The rate of gas production in the rumen is most prominent 

immediately after a meal. This can be as high as 30l/hour in a 

mature cow. The total amount of gas is mainly made up of carbon 

d i ox i de (40%), met hane (30-40%), hydrogen (5%) and sma 11 bu t 

varying amounts of oxygen and nitrogen (McDonald et al. 1988 ). 

Together with the gas, ammonia and the three main volatile fatty 

acids (VFA); acetic, propionic and butyric acid are also produced 

(Monnig and Veldman 1989). 

Differing rates of starch digestibility affect fermentation rates 

and consequently rumen pH over time. The dietary energy 

stimulates rumen fermentative activity and probably accelerates 

microbial and substrate turnover rates, causing a shift towards 

higher concentrations of molar propionate (de Faria and Huber, 

1981). With increased proportions of propionate, excessive 

accumulation of lactic acid occurs (Raun et al., 1962; Putman et 

al., 1966). Therefore a close inverse relationship exists between 

rumen pH and VFA production. 

As differing rates of starch digestibilities affect fermentation 

rates and consequently rumen pH, rumen pH fluctuations over a 24 

hour period were determined. Furthermore in vitro gas production 

for each rat ion was done to est imate the rate and extent of 

fermentation (Pienaar, 1995). 

4.2 Procedures of pH measurements over time 

The same four animals used in the digestibility trials were used 

to determine the rumen pH fluctuations over a period of 24 hours 
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on four different days. For the first pH trial the animals were 

allocated to the same treatment as the last digestibility trial. 

For the last pH trial the animals were allocated to opposi te 

energy treatments and base raw material (Table 20). 

Table 20: Allocation of animals to a particular test ration 

Animal pH pH 

number Trial 1 Trial 2 

073 HF10 SF13 

S100 SF10 HF13 

S98 SF13 HF10 

S99 HF13 SF10 

Insertion of the rumen fistulas was done three weeks before the 

third digestibility trial. The rumen fistulas (45mm diameter 

fistula) were obtained from Burec Equipment, Benoni. 

Various methods were considered on how to measure rumen pH over 

time. One was to insert a pH probe into the rumen directly and 

in this way overcoming the oxidation of the rumen fluid. Sampling 

of rumen content at different sites within the rumen was 

considered. It was finally decided that a sample of rumen content 

at one site, where the rumen fistula opened into the rumen would 

be taken (Personal communication P.G Stewart; J.B.J van Ryssen, 

1994) . 

After an adaptation period of five days, similar to the 

adaptation period followed during the digestibility trials, two 

collection periods were done starting at 08hOO, lasting a 24 hour 

period. During this time, 12 readings were taken every 2 hours. 

At each reading the plug of the rumen fistula was removed. The 

rumen pH was measured at the top layer of the rumen. The feed 

particles in this part of the rumen are buoyant and form part of 

a mat floating on top of the rumen fluid (Cheeke 1991). A sample 

of rumen content was collected once the rumen contracted so that 

the majority of rumen content was fluid. The ruen content/fluid 

61 



was scooped from the rumen with a spoon and into a beaker. The 

pH would be determined with an electronic pH meter directly 

thereafter. 

During the first pH trial three pH measurements were taken per 

beaker of rumen content/fluid collected <Plate 6). Oxidation of 

rumen content causes a decrease in rumen pH over time <Personal 

communication P.G Stewart; J.B.J van Ryssen, 1994), Three pH 

measurements could have a negative effect on these measurements 

whereas the first two readings would give a more constant result. 

This methodology was followed for the last pH trial. 

Plate 6·. Removal of rumen flul' d was d ft one a er a rumen 
contraction 

4.3 Statistical analysis of pH measurements and Total in vitro 

gas production. 

All data collected for the pH measurements was statistically 

analysed by linear regression after the mean pH measurements over 
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time were calculated. The data was analysed using Genstat 

(Version 5.1.3 1988, Lawes Agricultural Trust, Rothamstead 

Experimental Station, UK). The total gas production was analysed 

according to a Two tail t test (Rayner 1967, Johnson ~ 

Bhattacharyya 1996). 

4.4 Results and discussion 

4.4.1 pH measurements 

Due to the poor design of the fistulas (which protruded 3-4cm out 

from the side of the animal) the fistula came out of place when 

the animal stood up, rubbing its side against the crate, causing 

some of the rumen content to leak out. When this occurred the 

fistula was washed and replaced, crate cleaned and continued with 

the pH measurements two hours thereafter. This caused ration HF13 

to only have 36 pH measurements whilst all the other treatments 

have a total of 52. 

Figures 6 to 9 shows the relationship of pH and fitted values of 

Y which predict the pH values measured over time for the 

individual rations. The model used is a third order polynomial 

where x represents time points: ie 8:00 is 1, 10:00 is 2 etc. 

A significant decline (p < 0.05) in pH over time was found within 

both high and low energy rations. The largest decline was 

observed in the high energy rations, with HF13 showing the 

greatest decline. This phenomenon could be ascribed to: 1) the 

fermentation rate of HF13 which was assumed to be higher than 

that of SF13 (van Niekerk 1'391 and 19'33) and 2) due to the 

excessive amount of NSC in HF13 (HF13= 52,301. vs SF13=40.30i.) 

which could have had an influence on the amount of lactic acid 

produced in the rumen. 

Similar fermentation patterns and a small significant decline in 

pH regarding the low energy rations over time was noted. This 

again could be attributed to the high lucerne content of these 
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rations possibly masking the effects of maize or hominy chop on 

rumen pH. 

In general the decline in ruminal pH started about two hours 

after the first feeding at 8:00. The lowest pH points of 5.5 were 

noted at approximately 18:00, two hours after the evening 

feeding. After 18:00 a steady increase in pH was observed and 

peaked two hours before the morning feeding, similar to findings 

by Slabbert et aI. (1992) and Goetsh et aI. (1983). This steady 

increase was most predominant in the high energy rations. The 

return to normal rumen pH of 6.5 specially from 22:00 to 8:00 

could be due to the large amounts of saliva recirculating through 

the digestive tract via rumination at night. Saliva contains 

sodium bicarbonate, a buffering agent which aids in maintaining 

an appropriate rumen pH (Church 1991). Another possibility is 

that the starch concentration within the rumen decreases as the 

digestive and fermentative processes progressed over time. 

4.4.2 Total gas production 

It was speculated by van Niekerk (1991 and 1993) that hominy chop 

has a slow rate of rumen fermentation. In an attempt to slow the 

ruminal fermentation rate of SF13 even more, 101. sorghum, which 

is known for its slow fermentation rate (van Niekerk 1991 and 

1993), was included in this ration. 

Differing rates of starch digestibilities affect fermentation 

rates and consequently rumen pH. The more soluble the starch is 

in the rumen, the lower the pH in the rumen, the greater the 

fermentation rate with a higher production of gas which in turn 

translates to a greater extent of total organic matter digested 

(Pienaar, 1995). In Chapter 3 it revealed that HF13 had a higher 

starch content than that of SF13. HF13 was found to have a 

significantly (p < 0.001) shorter mean fermentation time (MFT) 

than SF13 (Table 21). This demonstrates that maize has a higher 

rate of fermentation than that of hominy chop. This may explain 

the greater drop in rumen pH of the HF13 ration. Chapter 3 
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further revealed that the digestibility coefficient of HF13 was 

higher than that of SF13 (HF13=78.66% vs SF12=69.58%). Without 

looking at the rate of passage out of the rumen, from both the 

digestibility trials and total gas production, HF13 had a greater 

extent of organic matter digested than SF13. 

Table 21: Results of in vitro gas production 

HF13 SF13 HF10 SF10 

No observations 8 10 7 8 

MFT 10.838i 14.287b 9.158( 10.613d 

i,b Means in a Y"ow wi th d i ffeY"ent supeY"scl'"ipts d i ffeY" sign i ficantly (p < 0.001) 

(,d Means in a Y"ow with diffeY"ent supeY"scl'"ipts diffeY" significantly (p < 0.05) 

MFT = Mean FeY"mentation Time (Hours) 

The MFT of the low energy rations significantly favoured (p < 
0.05) HF10. Even though lucerne possibly masked most of the 

results obtained, maize might have a positive associative effect 

on fermentation rates when in combination with lucerne. 

A great variation in MFT results was observed which could have 

had an influence on some of the contradictory finding (Personal 

communication, J.P Pienaar, 1995 and Voderingsverslae 1993/94, 

Irene Diereproduksie Instituut). This can also be attributed to 

the variation in hominy chop (van Niekerk, 1984; Mandisoa & 

Holness, 1985; Cheeke, 1991; Pienaar, 1995). 
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Chapter 5 

Discussion and conc1usion 

Beefmaster's whole feedlot operation uses hominy chop as the 

principle energy source for their feedlot rations. Their main 

interest in this trial was to determine if hominy chop could be 

substituted 1001. by maize or vice versa in their feedlot rations, 

and if so how would the performance of the animals be influenced. 

Hominy chop compared to maize is an attractive feed for the 

feedlot operator for the following reasons: It has a similar ME 

value as that of maize. High NDF values result in high 

digestible fibre and low NSC levels. This theoretically reduces 

the incidence of lactic acidosis and possibly making it safer to 

feed in large quantities than maize. Hominy chop is a by product 

of the maize industry and can at times be approximately 10-151. 

cheaper than maize. 

A major drawback using hominy chop is that it is a variable 

product. Regular analyses should be carried out to quantify the 

nutrient specifications. Due to the high fat and possible high 

moisture content, rapid rancidification can occur. This makes 

hominy chop a problematical raw material to store in large 

quantities over a long period of time. Not much information is 

available on hominy chop, specifically for South African 

conditions and more research could be focused on this issue. 

With all the problems endured during the trial, substituting 

maize with a good quality hominy chop (with a similar nutrient 

profile compared to maize) and vice versa in feedlot rations 

should result in similar growth performances and feed intakes for 

similar types of feedlot animals. With hominy chop still being 

cheaper than maize, a change from a hominy chop to a maize based 
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ration could prove to be less cost effective with the possible 

increase digestive disturbances. 

Animals are variable and no two animals behave similarly. Using 

Kalan gates for feedlot research can be a useful tool if it is 

managed correctly. It allows one to observe differences among 

animals which can be measured. There is nothing wrong with the 

principle of feeding individual animals in a group housing 

environment. The problem comes in when all 80 animals commence 

with the actual trial after an initial 20 day adaptation period. 

During this adaptation period all the animals should have had to 

acquire the technique of opening the Kalan gates. Not all animals 

during this period learnt to open the gates. It can be argued 

that the adaptation period could have been longer, but this could 

have disrupted the initial group mass at the start of the actual 

trial. It has become clear from observing the animals, that the 

problem was partly due to submissive behaviour of the animals who 

failed to master the technique and partly due to unreliable 

functioning of some gates. If a gate did not open reliably every 

time, the animal would become confused and frustrated and give 

up trying. During feeding times the animals were in very close 

proximity with each other and animals low in the dominance 

hierarchy would likely be bullied. These animals would at times 

be reluctant to approach the Kalan gates and feed. 

Feeding high energy, pelleted diets ad libitum in accordance with 

the procedures set out under the normal Phase C progeny testing, 

can cause more digestive upset and lower DMI values than that of 

a commercial feedlot. Overeating of the high energy rations (HF13 

and SF13) caused the animals to get acidosis and bloat. This led 

the animals onto the "roller coaster" phenomenon where animals 

were sick and showed erratic feed intake patterns over time. The 

scheduled feeding program which was designed to address this 

problem, only solved some of the digestive disturbances 

experienced by the animals on the high energy rations. A great 

advantage of this type of feeding procedure is that there is 

always fresh feed available which stimulated feed intake. The 
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grinding and pelleting of lucerne in the high energy rations had 

a marked effect on its physical properties which caused reduced 

rumen motility and the persistence of digestive upsets. This had 

a negative impact on animal production. 

Predicting DMI as a percentage of body mass or as a regression 

equation proved to be a task on its own. Using Kalan gates should 

have simplified the formulation, as individual intakes could be 

determined and therefore limiting group variation. Due to the 

stumbling blocks encounted during the run of the main feeding 

trial as indicated in Chapter two, this was not the case. 

Physiological, environmental and dietary factors should have been 

considered in obtaining a good equation. In the regression 

equations, only live mass as a predictor of OMI was considered. 

The digestive upsets, physical form of the high energy rations 

and scoop size used in the low energy rations are but a few of 

the factors that influenced the accuracy of these equations. The 

equat ions deri ved from the avai lable data do not ref lect an 

accurate OMI equation. 

The fistulas throughout the pH trials caused a lot of unnecessary 

troubles. The design was largely to blame, as the fistulas 

protruded 3-4 cm out from the side of the animal. A pity that the 

technique and design still had to be perfected. There has been 

some concern regarding the methodology of pH measurements. During 

the planning of the pH trails, the technique used seemed adequate 

and simple to do, even though only the top part of the rumen was 

sampled. Similar pH curves were obtained to that which can be 

found in the technical literature reviewed. It makes this 

technique, for its simplicity, adequate. 

The method developed and used by Pienaar (1995) to measure in 

vitro gas production and to estimate the rate and extent of 

fermentation which reflects the rate of starch digestion is 

useful. Mean fermentation time (MFT)(hours) is directly related 

to total gas production and gas production is related to the 

total amount of organic matter digested in vitro. It must however 
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only be used as an estimate because as reported, there is still 

a great variation in the measured rates of MFT. This can also be 

attributed to the variation in hominy chop and due to the method 

obtaining MFT, which to date, is not running as efficiently as 

it should (Pienaar, 1995). From the trial results however it 

shows that maize had a higher rate of fermentation than that of 

hominy chop. 

Looking back on the feeding trail, using Kalan gates and the main 

purpose of the trial which was to determine the general 

performance of catt Ie fed rat ions whi ch di f fer ina base raw 

material on an individual basis was very difficult, problematic 

and time consuming. A pen-fed trial, where a group of animals fed 

ration X are compared to a group of animals fed ration Y, would 

have been adequate. To determine OM! equations is a science on 

its own and should never have been included (even as a spin off 

with the available data collected) in this project. There are too 

many factors/variables affecting OM! which were not measured or 

taken into account. This resulted in poor equations that are not 

of much value to Beefmaster or for modelling purposes. The Kalan 

gates should be used for specific feedlot research where 

individual performance of a few animals is required, and where 

more time can be spent in paying attention to detail and 

technique rather than to a global picture as in the case of this 

trial. 
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Cha.pter 6 

Su. __ a.ry 

A total of 95 medium frame cross bred steers were used in a 

feeding trial, divided into 6 groups to establish the following 

objectives: 1) Establish whether the differing digestibility 

characteristics of maize grain and hominy chop affects the growth 

rate and performance of feedlot cattle. 2) To obtain an estimate 

of the feeding value, especially metabolizable energy of hominy 

chop. 3) Derive an equation to describe dry matter intake (DMI) 

for the conditions of the trial and 4) Determine ruminal pH and 

fermentation rates differences; if any between maize and hominy 

based diets 

Groups 1-4, each of 20 animals with mean mass of 202kg were fed 

individually to determine the overall effect of maize or hominy 

chop in feedlot cattle. Four rations were used: Ration 1 (HF13): 

13 MJ ME/kg DM with maize meal (601. maize, rapidly fermented 

carbohydrates) as the principal energy source. Ration 2 (SF13): 

13 MJ ME/kg DM wi th ingredients wi th slowly fermented 

carbohydrates as the principal energy sources (551. hominy chop 

and 101. sorghum). Ration 3: (HFI0): 10 MJ ME/kg DM made up of 

31.51. maize. Ration 4: (SFI0): 10 MJ ME/kg DM made up of 271. 

hominy chop. 

In an attempt to derive an equation in which live mass 

(independent variable) can be used to predict DMI (dependent 

variable), various multiple regression analyses using linear and 

quadratic models were done for the three periods (0-33, 36-68, 

71-99 days) and the whole trial (0-99 days). Dry matter intake 

(DMI) as a percentage of body mass was also calculated for the 

three periods and the whole trial. 

Mass gain, DMI/day, ADG (average daily gain) and FeR (feed 

conversion ratio) were calculated and investigated. Steers in 
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these groups were slaughtered after a 99 day feeding period. 

Grading was done in accordance with "Regulations regarding the 

classification and marketing of meat", (Agricultural Product 

Standards Act, 1990: Act no 119 of 1990) for overall fat, grade, 

conformation score, age and bruising. Warm and cold mass, 

slaughter I., Fat C+O, eye muscle length and breadth of each steer 

was measured. Group 5, consisting of 11 animals, mean group mass 

of 202 kg were used for initial slaughter. Same carcass 

characteristics were investigated as for groups 1-4. Group 5, 

consisting of 4 animals with mean mass of 150 kg were used for 

the digestibility and pH trials. Three digestibility trials per 

treatment, four ruminal pH measurements over a 24 hour period 

were determined from these animals in metabolic crates. The 

animals were fed twice per day (08hOO and 17hOO) in a cross over 

design on one of the four test rations. In vitro gas production 

for each of the rations was done to estimate the rate and extent 

of fermentation. 

An increase in the I. OMI as a percentage of live mass did occur 

over the three periods as was expected as the animals were still 

growing. A simple relationship between live mass and OMI did not 

really exist as there was a great variation in OMI per day 

especially for the animals on the high energy ration. The peaks 

and troughs regarding OMI clearly illustrated the roller coaster 

effect. Various multiple regression analyses using linear and 

quadratic models were used to describe and predict feed intake 

over the three and whole feeding period for both the high and low 

energy rations. The equations obtained with regards to the high 

energy rations were especially good during the last period of the 

trial. This can only be attributed to the scheduled feeding 

program, unpelleted high energy ration and the addition of stalky 

hay. In general, not enough information/data was collected, too 

many digestive upsets and other management factors hampered the 

feed intake patterns to formulate a good OMI equation or a 

suitable OMI percentage with regards to live mass. 
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No significant differences (p < 0.05) were recorded between the 

two high and low energy rations in mass gain, DMl/day, ADG and 

FCR for the 99 day trial period. Slaughter % was only significant 

(p < 0.05) in the high energy rations, in favour of SF13 (55.89% 

vs 54.50%), Eye muscle length in favour of HF10 (12.53cm vs 

11.70cm) was significant between the two low energy rations. 

Between the high energy rations digestible NFE was significantly 

(p < 0.05) higher for SF13 whereas digestible NSC was 

significantly (p < 0.05) higher for HF13. This reiterates the 

point that hominy chop contains more digestible NFE and maize 

more NSC as their energy source. 

Ruminal pH fluctuations were the greatest for the high energy 

rations. HF13 had a significantly lower (p < 0.05) ruminal pH 

over a 24 hour period than SF13. A small di fference was also 

noted in the low energy rations. Mean fermentation time 

(MFT)(hours) which is directly related to total gas production 

was found to be highly significant (p < 0.001) in the high energy 

rations in favour of HF13 (HF13=10.83hrs vs SF13=14.38hrs). The 

same was found in the low energy rations (HF10=9.15hrs vs 

SF10=10.50hrs; p < 0.05) 
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Appendix A 

Following is the information for the three spreadsheets used to 

calculate and graph individual performance of animals 

illustrating the relationship between feed intake and live mass 

gain. 

Weighing back of feed 

Information required from the user was 1) mass of bags weighed 

back of each animal and 2) the mass of feed (in bags) before 

being fed to each animal. This information is entered in the 

unprotected areas on the spreadsheet called FEED.WQ1. 

Mass of animals 

All this data collected was entered on a spreadsheet called 

l1.ass. WQl • 

Individual peyfoymance of each animal 

To run this program, firstly load the spreadsheet f'1.ass_c.a1.WQ .' 

on Quattro pro (Version 4). Once loaded select "Load Supporting". 

This will then load the other two spreadsheets, namely Feed.WQl 

and f'1.ass.WQ1. Data is only entered in the first two mentioned 

spreadsheets. The ca 1 cu la t i on and graphs on f'1.ass_c.a 1. WQ .' is 

automatically updated. 



Appendix B . Feed S heel 
Feed e.lloce.tion system used for scheduled feeding 

MAX FEED IN 6 7 8 9 10 1 1 12 13 14 USI 
7:30 2 2 2 3 3 3 3 3 4 41 
9:30 1 2 2 2 2 2 2 3 2 3 
12:30 1 1 1 1 1 2 2 2 3 3 
18:00 1 1 1 2 2 2 3 3 3 3 
21:00 2 2 2 2 3 3 3 3 4 4 

ANIMAL NO Al A2 A3 A4 AS AS A7 A8 A9 Ala All Al2 Al3 Al4 A1S 
MAX 
FEED IN 

DATE 7:30 
9:30 

12:30 
18:00 ! 

21 :00 
TOTAL 
MAX 
FEED IN 

DATE 7:30 
9:30 

12:30 
18:00 
21:00 

TOTAL 
MAX 
FEED IN , -- '--------- - - -- --- - -- -- ----- '----



Appendix C - Mass of individual animals (kg) fed Ration HF13 
r=----- .. - ....... - ------ --

D~on 

F_d S815 A2 AS A4 see A7 AS A8 A10 A11 A12 A18 A14 A15 A18 S84 A18 A20 

1 274 282 247 2015 228 2S8 217 184 1aa 22S 204 201 187 188 178 1aa 142 187 

15 277 2#n 2152 208 2S4 242 22S 20S 200 2SS 218 200 188 177 180 181 148 187 

8 2815 278 2158 218 240 2415 2215 201 204 288 2115 208 181 1715 182 188 180 188 

18 288 288 2157 2215 242 2tI2 2S4 207 218 24e 224 210 188 177 181 207 US8 172 

115 2In sao 274 281 248 2e8 240 212 22S 248 221 221 201 178 
,_ 

208 ,. 178 

18 2In 810 27S 24S 2e2 270 24e 202 2S2 21515 2SS 2215 200 180 188 20S 178 1815 

22 288 811 278 24S 2156 288 2e2 212 244 28S 217 288 208 1aa 188 211 177 187 

28 S02 818 280 248 280 288 288 208 244 2815 227 228 220 1aa 201 214 181 1aa 

28 3C17 soa 281 288 2e8 278 272 212 247 278 288 228 217 1aa 188 218 188 202 

as soe 821 2815 2815 280 278 280 218 247 284 24S 2S2 221 182 204 222 1ae 208 

se 3015 S2S 2815 274 281 282 288 218 2154 288 2eo 2S7 228 182 218 217 188 211 

40 284 sse 3015 287 2815 282 288 228 288 3C17 2ti8 242 241 188 228 22S 188 221 

48 8015 S44 812 288 277 2815 288 240 274 soe 2e8 280 2415 201 218 22e 208 217 

47 S01 sao 812 801 2e8 282 sao 228 27S 8015 2#n 2158 24S 20S 218 2215 208 221 

eo 28S S48 S20 80S 2154 288 S02 281 272 S04 271 2154 248 2015 218 281 218 222 

154 soe 8157 821 aoa 280 281 811 2S8 278 817 2715 2154 2eo 2015 2S2 2SS 2115 222 

157 S04 se1 S2S 810 2815 284 818 240 278 S22 280 2154 288 204 2S8 2S8 218 221 

81 soe - S28 818 281 SOlS 812 240 281 sa1 277 28S 288 208 2S8 2SS 222 224 

84 - S70 SS7 821 287 S08 sao 2IMt 28S sse 2815 2815 282 218 280 2S8 2S4 280 

sa S22 S78 847 sa1 272 812 S87 2157 soa sa1 287 282 28S 228 2IMt 24S 2S7 2S2 

71 818 S84 841 aS2 282 818 sse 286 sao 848 sao 277 284 228 2152 248 288 288 

715 81S 387 sse 824 2e8 sa1 S4S 2eo 801 - 817 282 284 2S8 287 2IMt 247 248 

78 818 - S44 8S2 2815 SS4 S48 288 810 878 S2I5 280 2815 242 288 282 280 2I5S 

82 SS2 407 see S44 274 S87 882 2IMt S2S S7I5 sse 287 SOlS 2158 278 288 282 284 

815 SS2 418 &eO S42 270 S48 an 2IMt S28 sea SS4 S02 812 282 278 27S 288 284 

88 888 427 see 886 288 S82 S7S 2815 847 sea S42 811 824 288 281 281 282 271 

82 S4S 4S4 sao aea 288 see S82 288 sea 408 SI58 S20 S42 2715 288 278 274 281 

sa see 4S8 sea 872 284 sea 387 278 sea 410 S72 848 348 284 812 288 274 288 

88 se2 4M 881 8715 2158 872 408 274 S86 418 an 847 SlS1 2815 814 284 278 2815 



Appendix 0 - Mass of individual aninusls (kg) fed Ration SF13 

D.-on AIWftaI ~Sit· 

Feed 821 822 828 824 B2C!I 828 B27 82B 828 880 BS2 884 8:!Mi S38 B37 838 

1 28& 240 2fT7 2S8 2SO 21. 210 213 188 221 222 188 182 180 188 188 

15 2415 248 242 288 220 2S8 218 228 188 228 228 208 188 1715 188 187 

• ., .. 248 247 228 281 228 2S8 184 281 2S8 281 20S 178 184 2D7 

13 2e8 2e2 2&7 2IM5 2S8 2415 238 242 188 241 281 21. 2D7 187 1815 208 

115 274 .. 21M 2158 2S8 248 2fT7 242 200 2S8 28& 222 218 188 204 217 

18 277 271 288 2e8 248 2152 248 2&7 206 2415 244 221 2115 207 210 228 

22 287 278 271 270 2&7 280 248 2e& 206 2IM5 2&4 224 222 212 202 280 

28 288 288 278 274 281 2I5e 2IM5 2&1 217 2I5e 2t58 224 224 218 201 282 

28 800 288 278 278 288 2180 21M 241 208 2I5e 244 228 282 218 201 2S7 

88 aoe 282 281 288 282 2e& 271 242 211 2e8 2&15 227 2S8 2115 207 242 

88 312 804 288 280 282 278 278 244 224 278 2&4 282 241 228 208 242 I 
I 

40 821 313 288 284 288 288 288 2415 288 287 287 228 247 2S8 218 248 

48 884 824 8015 801 310 288 28e 247 248 288 278 2S7 2152 281 22S 2152 

47 318 82S 800 804 807 287 281 288 288 288 287 248 2IM5 280 21. 281 

150 828 881 802 8015 314 801 288 2157 2S7 288 270 2BO - 288 22S 288 

&4 882 sao 801 80S 313 284 288 288 238 282 278 248 21M 248 228 2e2 

87 aaa aaa 804 aoe 311 288 80S 2715 248 280 288 287 2&4 241 228 281 

81 340 838 80S 310 814 aoo 808 277 2415 284 287 2B8 2152 2415 228 2e8 

84 :!Mi1 8151 aoe 317 328 314 820 288 2&8 2815 28e 2e2 271 248 2SI5 272 

as 881 sao 820 82B 848 82B 824 287 288 80S 802 274 278 2&4 2&15 288 

71 :!Mi1 - 310 314 38I!J 31. 881 284 2e2 288 801 2e8 278 2152 248 281 

715 sao 867 818 827 aaa 322 882 80S 2e8 2815 308 278 281 288 2415 288 

78 see 878 820 884 aaa 8:!Mi 844 314 278 804 820 278 288 281 2&1 288 

82 878 882 382 848 8152 846 see 828 2815 318 828 288 2815 278 2159 802 - 384 8815 831 :!Mi1 368 :!MiD _7 828 804 aaa 328 280 2815 274 21!18 8015 

88 384 888 341 see 3B4 sea sao 824 SOB 837 842 804 807 288 2tMiI 31. 

82 882 887 842 387 388 8t!S7 385 sao 322 847 348 312 820 284 2e8 8815 

88 aaa 410 348 380 sao 8t!S7 374 348 821 844 8157 322 322 288 270 844 

ae 882 418 340 see 377 872 374 848 827 3S8 _7 a28 821 288 288 841 



Appendix E - Mass of individual e.nima.ls (kg) fed Ration HF10 

D.-on .... I No-

Feed C41 C42 C4S C44 C4a C48 047 C48 C48 Baa ct51 ct52 cea ct54 cee ct57 ceo 
1 248 288 272 2e4 247 228 212 227 1aa 228 208 1. 204 210 187 1_ 170 

& 2t54 2I5e 27B zeo 288 242 217 2B7 208 228 228 184 20B 218 181 1aa 177 

• leO 2tII2 288 2815 .., 248 2SO 240 220 28S 22& 188 21& 21 • 208 187 188 

13 271 271 288 271 288 2e4 22B 244 228 28B 228 208 221 228 20B 202 180 

US 274 271 80& 278 2tII2 2I5e 281 251 2B7 24S 288 208 224 28S 220 201 208 

1. 288 2BB 818 2BB 272 2:87 28& 2e1 2B7 251 240 20B 227 281 221 20B 208 

22 'an 2B7 318 2BB 278 278 28S 2:87 248 257 2&0 188 22& 241 218 211 218 

2B 2:84 288 8Z7 2tII2 2B7 278 21. 2:87 217 2&B 2&2 201 22& 248 21& 211 21. 

28 8012 288 aae 2I5B 288 2B7 220 277 281 2e& 2&8 180 211 2158 208 224 227 

aa .at 807 844 2BB 281 28B 2SO 2B8 248 278 2815 212 28'7 2&8 214 212 228 

ae .1. 318 84& 2B8 aoo 80S 24S 2B8 2e1 281 2B8 218 240 2BB 228 220 2815 

40 .18 318 848 2B8 808 aoo 2&8 288 zeo 278 278 227 248 272 22B 220 241 

48 .. 882 aee 2B4 818 801 zeo 284 2B8 2B8 2B4 221 257 2BO 280 282 251 

47 M1 888 871 30& 827 31. 2BB SOB 2B4 2&e 2B& 288 26B 280 240 218 281 

150 .1 aeo 874 30& 82& 82& 272 310 2B8 2Q8 288 284 27B aoo 247 281 2151 

&4 Me 8B4 888 314 aae 882 27B 81& aoo 802 807 288 2B2 808 2t5O 240 2B1 

&7 867 8B1 881 828 84& 88B 28B 828 802 80& 804 288 28B 804 2153 217 2B8 

81 aM aeo 8IN5 822 882 aae 2B8 820 281 aoo 313 284 2B8 318 2I5e 280 2BB 

B4 - 878 aaa 828 a&8 864 284 828 807 314 318 2B7 2Sn 822 2B8 24S 27B 

BB aeo 881 40B 88B 847 844 804 38B 312 821 828 2&8 80B 884 278 2B1 280 

71 aIM see 402 848 aeo aee 80& aae 822 318 82B 2e1 31. 884 2B8 270 2Sn 

7& - 400 411 8150 8B2 aee 318 aae aae 827 sao 2B4 31. 841 280 2:87 288 

7B .- 400 413 aeo 870 8B2 82B 84& aae 882 848 zeo S28 847 287 27B 804 

B2 400 417 41& sea 877 see sao 848 884 884 84B 270 822 see 801 2B8 318 

B& 400 428 41. aee 87B aea 882 aea 844 aae 820 848 S28 see 30& 2B7 278 

Be 418 427 428 877 see 8B4 aae aeo 840 887 aee 2B4 84B aeo 31& 287 824 

• 4210 484 421 8B4 388 888 ae1 see aeo 847 aeo aoo sea 870 822 312 sao 
ee 428 482 440 87B 401 388 84B aea 3f¥7 848 874 SOB ae7 37B 82& 317 88B 

ea 427 440 442 888 aae 8BB aez 871 370 864 874 aoo 8e4 878 aaa 82& 841 



Appendix F - Maes of individual animals (kg) fad Ration SF10 

O~on I ....... Ne· 

F_d De1 De2 oea De4 D8I5 Dee De'7 Dee Dee 070 071 078 078 080 

1 M8 288 2eO 2ee 222 218 22e 247 187 214 1_ 181 2t:T7 178 

8 _1 280 288 284 22S 218 228 281 1. 208 188 184 212 181 

8 1112 288 271 288 282 218 240 287 178 22e 187 181 218 1ee 

18 Ie4 801 280 278 242 218 Me 288 178 218 204 188 218 1ee 

1& _7 8012 280 2B8 24e 282 2150 27e 181 287 218 204 220 1ee 

18 271 8012 284 284 2e8 282 2e8 2B8 206 2:S8 218 201 2M 204 

22 278 818 800 281!1 2e4 284 284 282 204 Me 222 208 240 207 

28 288 322 sen 801 2e& 288 288 2&e 188 2150 210 21& 286 211 

28 'bin 882 814 308 2&1 227 27& 280 201 2S7 22e 217 242 218 

88 278 888 821 810 2e8 287 288 2B1 187 247 22e 218 2e2 212 

ae 280 sse 827 812 2&7 247 288 281!1 208 280 227 22e 2&4 21. 

40 282 840 887 820 2&7 242 21M 288 207 284 227 281 22e 222 

48 Z88 888 841 880 2&7 281 288 800 21. 284 284 282 2ee 22e 

47 aoe 8e4 8e4 887 2e& 2&7 314 310 23& 2e8 228 244 2e8 288 

eo 108 388 see 841 280 270 318 32e 284 282 247 2&2 278 2:S8 

e4 .1. 874 see 848 274 27e 326 332 241 21M Me 2&1 277 284 

fi7 821 388 884 as1 270 27e 328 331 248 282 248 2Ii8 278 246 

81 820 377 828 see 282 2T7 32S 322 248 288 287 287 2e8 244 

84 820 884 388 sea 288 280 331 31. 2eO 801 282 270 27& 281 , 

sa .. .. 847 887 281 284 888 84e 271 810 278 277 272 2ee 

71 818 888 .. 874 288 sen 84e 844 2T7 32S 288 278 287 280 

7& 827 400 sea 874 800 30& ae2 848 284 82& 281!1 287 288 284 

78 - 401 87& sea 808 814 sea see 281 sa1 800 280 80S 287 

82 .... 41. 388 see 318 317 aeo ae2 801 aae 304 2N 308 271 - Me 4C¥7 87e see 31& 317 382 see 304 888 310 281!1 308 27& .. .. 422 878 38& 314 3S8 37e 380 800 348 314 3015 328 28e 

82 .. 42e 888 388 817 332 381 8'73 321 347 31. 318 888 282 

88 81M 487 388 408 884 387 378 378 82S see S82 318 384 21M 

88 81M 43e 888 410 331 848 388 884 384 see aae 820 S84 291 



Appendix G - Total feed intake (kg) of individual animals feed fed Ration HF13 

D~on Nft· Tot.I __ d InIMCe (kg) _r a ...... or tour day --dna period 
F_d see A2 AS A4 S_ A7 AS AS A10 A11 A12 A18 A14 A1& A18 SIM A18 A20 

1 0.00 0.00 0.00 0.00 0.00 0.00 0 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
& • 2I8.a 17 12.8 21..8 2& 18 22 18 28 12.a 0 14 0 8 8 8 28 
B 14 M.a 22 a.& B.& 1& 18 22 7 21 a .& 10 4 4 7 2&.& 12 10 

18 - M 18 18 17.& 81.& 80 2 1 4B 8 214 3 8 a 1B.6 12 1 IUS 

1& • 1a.15 8 10 3.& 14.& 12.& 12 8 .& 18 8 11 10.15 3 8.& 8.& 8 3 
18 31 42.15 28 81 18 33 33.15 22 28.& 37 0 26 6.6 8 10.15 22.6 82 34 
22 • 18 17 18 12 18 18 10 12 22 0 18 10 4 7 11 18 1B 
2IS :. 8B 18 88 1. 88 86 214 2& 27 3 21 18 214 7 2& 2 24 
28 - 18 14 21 0 20 27 8 12 21 1 13 8 4 7 1& 8 1& 
33 0 44 1B 88 11 81 152 17 2& 8B 6 28 B 12 2 24 3B 20 
88 18 28 18 24 8 21 22 12.6 20 28 1& 18 10 40 0 0 1B 18 
40 18 44 27 38 4 315 34 82.6 47 28 27 22 37 38 8 20 24 28 
43 I 87 11 1B 15 24 14 8 8 80 11 10 1B 28 2 8 14 3 
47 10 88 11 18 7 18 115 & 8 21 8 11 11 115 2 18 18 1& 
150 M 22 20 28 8 24 28 10 • 22 8 1B 18 28 8 18 18 2& 

&4 as 28 80 33 10 27 82 13 13 2IS 7 17 83 80 14 18 28 80 
&7 ., 21 18 27 8 2& 115 1& 8 28 12 16 28 28 14 12 24 82 
81 212 42 24 28 & 4B 28 17 21 41 11 28 34 34 14 18 24 21 
84 • 18 28 1. 2 27 20 18 20 2& 8 1. 2& 2IS 17 17 18 1B 
sa 14 28 18 21 11 17 2& 14 20 2B 18 22 14 28 20 2& 18 18 
71 14 21 18 17 7 1. 18 11 12 18 18 13 10 1& 11 1& 12 14 
7& M 34 80 28 11 84 34 21 28 84 28 27 31 28 2& 22 81 28 
78 12 28 18 16 10 24 27 14 18 28 18 20 81 2B 20 17 20 1B 
B2 .. 41 28 24 82 1. 37 17 28 28 28 27 28 B2 2B 28 81 81 
86 17 48 17 18 28 83 21 115 80 28 24 18 80 40 40 18 20 34 I 

88 ... 87 18 80 33 34 2& 83 8B 84 17 41 42 8B 42 21 4B 28 
82 at 88 28 82 8 88 27 24 28 21 82 87 26 47 83 22 81 2& 

88 14 87 34 40 20 43 42 28 46 4& 31 34 43 60 40 43 48 22 
aa 21 40 22 28 7 150 10 21 20 88 18 28 2B 80 &15 11 37 8B 



Appendix H - Total feed intake (kg) of individual animals feed fed Ration SFl 3 
--

o-yeon No· Tofel ... d I..-...c. (kG) _r a ttw.. or four day --ding ~rtod 
F_d 821 B22 B28 B24 BH B2e B27 B28 B28 sao B32 Ba4 B3e aae BS7 B88 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5 8 22 24.5 18.5 8 22.5 14 H 6 28 2e 3 8.6 6 13 17 
B 0 22.6 18.6 20.6 2 14.5 22.6 S7 6 2B 1B 12 23 6 6 22 

13 3 16.6 84 38 21 28 38.6 &8 B 14 24.6 21 81.6 8 7 33 

16 1 23 8 11 7 8 8 H 6 27.6 12.6 7 12 11 12.6 17 
18 3 43 S2 38 S2 S6 S8 38 48 38.6 31 17 27 22 22.6 2B 

22 6 2e 18 20 16 18 20 27 18 81 18 14 18 17 6 17 
28 6 48 2e 28 42 24 S6 8 S7 31 - 18 23 81 18 38 

28 0 S6 18 18 80 18 22 0 28 26 18 8 10 18 8 8 
88 S2 80 2B 88 38 27 38 8 14 S7 27 18 2e 2B 18 28 

38 22 18 22 22 2B 18 20 4 12 2B 18 11 18 20 20 22 
40 84 32 28 2B S2 28 80 6 22 88 2B 11 88 24 21.6 24 
43 8 20 18 20 21 14 23 0 14 18 24 24 21 16 12.6 18 
47 4 14 21 20 16 18 18 16 7 18 18 11 18 16 8 18 
60 18 23 14 18 14 21 26 18 11 21 20 14 23 24 20 22 

I 
54 24 28 80 18 28 17 80 26 18 28 23 12 21 20 22 22 
67 17 22 17 18 18 H 24 20 13 21 26 11 21 16 10 18 
81 23 24 16 28 27 - 28 84 16 18 28 26 18 - 18 28 

e4 28 18 24 22 2B 17 23 28 11 22 2e 18 18 8 22 17 
88 17 20 18 18 12 20 H 17 22 14 24 12 24 24 6 20 
71 US 11 18 U5 12 10 17 17 11 12 15 10 11 11 10 11 
76 H 28 18 28 28 S2 H 81 28 11 31 26 28 32 20 31 
78 Uil 18 28 23 15 18 26 17 33 11 80 12 20 18 14 17 
82 84 27 28 38 27 33 44 S6 S7 28 84 24 81 20 18 28 

86 28 22 80 18 28 17 28 S6 41 31 S7 21 22 22 17 20 
88 27 31 S6 88 28 18 80 48 38 28 28 28 41 23 20 87 
82 11 27 42 28 22 20 2e 40 ae 2B 28 24 S6 80 17 S7 

88 S6 S6 48 28 84 28 40 37 40 28 38 S8 S8 38 24 88 

aa 10 S6 S6 40 38 S2 31 14 20 31 48 28 23 16 23 26 



Appendix I - Total feed intake (kg) of individual animals feed fed Ration HF10 
Day. on I ...... • Toe.I t..d ,,,..... (kg) _r a ..... _ four d~ t..dlng period 

F •• d C41 0112 C48 C44 C4e C4e 047 C48 C48 sea ca1 0152 e&a C64 cat C87 ceo 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

& 2& sa.a 42 84 18.& 18 4 27.& 16 30.& 18.& 30 3.15 22 22.& 18 18.& 
8 sa 41 .& 28.& sa.a 12 18 1 24 18 21 28.& 23 10.& 38 20.& 20.6 & 
13 •. 15 28 1T1 44.& 43 28 4 38 20 1T1.& 18 32 44 sa 24 31 .& 11 
1& 14 7 18.& 20 10 11.& 14.& 18.& 2 17 14 13 18.& 18.& 2 18.& 8 .6 
18 27 23 31 23 34 17 4.& 12 27 18 28 0 2& 1 16 41 2& 

22 28 27 31 1 48 42 84 28 18 22 22 2 22 2& 0 18 23 

28 30 14 22 & 10 152 30 84 28 43 33 12 8 38 11 30 38 

28 48 12 40 3 & 28 2 24 8 16 21 3 8 23 4 23 20 

33 38 28 44 4 17 41 1 30 21 38 17 8 8 48 8 48 18 
38 22 40 34 8 28 40 18 28 28 30 28 18 10 1 7 10 23 

40 22 41 38 33 48 18 30 152 83 47 44 20 14 47 34 2& 80 

43 24 27 84 11 28 7 18 33 47 28 28 12 7 21 18 18 eo 
47 84 1T1 38 115 sa 18 14 38 &8 21 28 14 8 20 20 11 88 

ISO 24 28 1& 14 27 23 24 28 37 30 28 27 7 31 12 7 20 

&4 28 32 36 28 30 21 17 24 2& 22 2& 23 22 44 12 28 28 
&7 1. 34 36 21 48 16 24 10 32 28 21 32 33 44 18 8 24 
81 22 38 eo 22 40 21 14 21 28 23 20 8 38 40 6 13 12 
84 27 22 &2 22 31 28 28 7 28 40 24 23 18 37 6 17 11 
88 38 22 18 20 43 32 23 152 315 20 36 27 21 1T1 22 28 28 
71 24 48 84 38 28 28 28 88 32 38 8 43 1T1 21 28 23 28 
7& 1T1 28 23 47 34 34 36 1T1 18 34 33 18 41 37 38 34 21 
78 28 28 44 84 88 31 31 27 38 30 47 18 40 33 33 33 28 
82 48 152 48 30 30 4& 40 38 38 41 42 27 31 44 1T1 38 12 
86 28 36 2& 30 28 43 31 28 30 12 27 20 84 36 33 20 2& 

88 43 48 36 88 44 48 40 34 38 32 38 30 48 33 21 28 48 

82 38 47 24 215 41 36 sa 315 2& 38 24 38 33 42 28 40 30 

ae 40 62 48 30 15& 32 33 40 1T1 34 43 37 28 68 24 60 28 

aa 48 38 36 38 88 38 38 31 28 33 33 28 28 30 23 28 24 
---- ---~ -- -- --- ---



Appendix oJ - Total feed intake (kg) of individual animals feed fed Ration SF10 

D.On .~. Toe.I feed InIIIiI<e (kg) _r a ...... _ four d_ feeding period 

F •• d De'! DeI2 oea De4 De& Dee D87 Dee De8 070 071 078 078 080 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
& 8 - 11 11:7.& 18 12 14 7 2 12.6 8 18.& 28.& 18.6 
8 - 24 24.6 24 8 12.6 11:7 _.6 18 10.& 18 14 18 20.6 
18 1. 48 42 18 18 21 41 48.6 88.6 17.6 84.& 4.& _.6 88.6 
16 11 - 22.& 18 8 18.& 17.& 21 18.& 18.& 8.6 18.& 6.6 11.6 
18 1. 87 81 82 8 18 16 81 47 12 - 24 18.& 1& 
22 28 84 47 & 28 11 11:7 22 8.6 8 28 88 11 38 - 11:7 &2 48 28 18 16 38 12 ea 12 88 84 8 20 
28 20 28 82 28 • 16 26 7 18 8 10 16 14 18 
88 28 28 44 36 16 14 21 7 16 18 20 44 26 & 
ae 10 1. 82 11:7 10 14 28 12 1 12 14 84 1 28 
40 28 - 48 46 22 18 41 22 - 16 21 42 12 68 
48 1. 22 81 - 17 20 8 13 17 18 & 11 0 28 
47 28 28 44 17 12 2 18 11 ae 8 8 18 18 18 
eo 28 47 82 12 20 10 - 18 18 86 20 - 28 20 
&4 88 48 82 22 18 8 17 16 88 21 28 82 20 ae 
&7 44 38 - 12 8 8 16 26 31 21 18 21 26 11:7 
81 22 48 28 84 6 3 88 6 10 8 14 17 8 17 
84 11:7 88 18 - 17 13 84 - 28 16 27 32 84 28 - 10 47 84 18 18 22 - 44 &1 20 6 46 7 ae 
71 87 &4 81 47 48 7 12 26 11:7 84 42 24 28 22 
78 84 48 18 88 22 24 86 22 48 17 84 48 ae 26 

I 78 88 87 - - 47 18 28 11 87 46 - 28 20 84 
82 oUt &1 84 80 81 - 40 27 88 32 10 27 48 88 I 

815 32 48 80 81 18 8 41 28 84 115 22 - 28 32 
88 &7 46 48 88 48 - 86 26 41 18 32 84 ae 11:7 
82 84 42 41 82 48 36 27 28 46 88 215 18 88 84 
ee 84 42 42 ae 36 84 84 ae 62 88 80 40 46 84 
88 26 88 215 31 22 88 ae 38 84 - 215 28 40 31 



[ Digestibility trial number 1 : Appendix K1 
FeecI tVl»: t-I'13 

Anllra' no: ag5 
Stanlf1l Mas: 

EnG Mass: 

Avg te.a In/aile (leg): 

Avg laece:; con.ctl!Cl (leg): 

2t 1.00 

214.00 

5 .33 

4.40 

Avg unne 00I11!Cl1!CI (JIg) : 5 .30 

AralY:;15 0I1I!I!a ana 1eaces 

('Yo) 

MOISIure 

FHa "u IS" basIS : 8 .55 

Feea "Dry matt .... tlaSlS : 

Faeoes "as 1$" tlaSlS: 72.85 

Faece5 "Dry matte ... tlaSrs : 

Urine (OM tlaSlS) : 

H CalCUlat IOt15 

Average OMI 4 .117 

Average OM 1Nces .xcreaJl!CI 1 .19 

Con:su~ (II) 

Excr.atl!Cl (II) 

DlgeSt.a (g) 

Oigestability coeniCtent5 ('lI.) 

Digestible nutrtents ('lI. or MJ/Ieg) 

CalaJlat.a Digestible Energy (MJ/kQ OM) : 

Avg OM Inlalll! (leg) : 

Avg faecal OM .xCI1!at.a (leg): 

('Yo) ('Yo) 

Dry Crud. ('lI.) ('Yo) ('Yo) • 

Matt.r Prot. In Fat AOF NDF 

gl .45 14.12 7.81 10.44 15.58 

100.00 15.44 8 .54 11 .42 17.01 

27.15 3 .ge 0 .4g 9.14 12.60 

100.00 14.85 1.110 33.68 48.40 

3.g3 

4 .57 

1.19 

('Yo) 

CalCium 

0 .g6 

1.05 

0 .63 

2.33 

('lI.) 

PhOG 

0 .30 

0 .33 

0 .11 

0 .40 

('Yo) 

Total 

Ash 

5.67 

6 .20 

2.74 

10.10 

Gr05S ('Yo) 

Energy ('Yo) orgal'llC 

(MJ/kQ) NOC Matter 

17.58 48.2g 85.78 

19.20 52.50 g3.80 

5 .53 7.34 24.41 

20.37 27.05 8g.QO 

0 .70 

Dry Crude TOIal DIgeStible organtC 

Malt.r Prot.1n "al AD!" NDF CaloIUm PhOG A5h Energy NOC Matter 

(g/day) (glllay) (glllay) (g/aay) (gtaay) (giaay) (g/aay) (g/day) (MJ/aay) (g/aay) (g/aay) 

4574.28 752.SO 

1 HI4.SO 2g5.110 

357g.5g 453.7g 

75.4g SO.30 

g .31 

14.21 

415.27 

2t .5O 

3g4.77 

g4.113 

8 .10 

558.45 

402.10 

154.35 

27.74 

3 .17 

1528.35 

554.2g 

275.05 

33.17 

5 .64 

51 .17 

27.153 

23.33 

45.80 

0.48 

15.99 302.21 

4 .75 120.55 

11 .21 151 .58 

70.12 60.08 

0 .23 3.72 

g3.5g 

24.33 

6g.28 

74.00 

14.21 

2573.58 

323.14 

2250.72 

4572.07 

1073.95 

34ge.13 

87.45 76.51 

46.18 71 .77 

Estlmatl!Cl .nergy IO:>S from ITlI!Inane (MJlllay) : 5 .62 

Energy 1055 from Urine (MJ/day) : 4 .43 

Calculated MetabollzaDle Energy (MJ/kQ OM) : 12.15 



r Digestibility trial number 2 : Appendix K2 
Feed type: HI"-13 

Anlrr.J no: 91i17 

stan"l1 Mass: 223.00 

End Mu5: 222.00 

Avg IeeCS Intalie (leg): 4.113 Avg OM Inlalle (leg) : 4.53 

Avg taecH COIllK:led (1Ig): 3 .84 Avg lllecal OM exc~ated (leg) : 1.18 

Avg unne colllK:lea (I) : 8.30 

AnalY:;1$ 01 feed ana 1e8Cl!$ 

(%) (%) (%) GItl55 (%) 

(%) Dry Crua. (%) (%) (".) (%) (%) Total Energy (%) organIC 

MOI51ure Matter Prole," Fat ADF NDF CalCIUm PtID:i A5n (MJ/IIg) NX Matter 

Feed "8$ 1$" l1li515 : B.l0 111 .110 15.78 8 .811 10.32 14.30 1.04 0 .34 8.50 17.53 48.83 85.40 

feed "Dry matter" l1li515 : 100.00 17.17 9 .48 11.23 15.58 1.13 0 .37 7 .07 19.0B 50.74 112.113 

F&eCR$ "as 1$. Da$1$: 88.21 31 .711 3.84 0 .88 11.37 13.44 0 .58 0.11 2 .43 5 .51 8 .17 29.38 

Faeces "Dry matter" 118$1$ : 100.00 13.42 2 .42 34.51 49.411 2 .12 0.40 B.1I8 20.28 25.71 112.35 

uri,. (OM 118$1$): 2 .27 0 .49 

I CalOUlatJ0n5 

Average OMI 4 .53 

AW!~ OM II!aces eXcrHlea 1.18 

Dry Crude TOIal Dlge511b1e OrganIC 

Malter PrOIeln Fat ADF NDF CalCIUm pnos A5n Energy NX Matter 

(g/OIly) (Dlday) (DtaaY) (g/day) (gtday) (g/day) (gtaaY) (gtaay) (MJ/day) (g/day) (g/day) 

ConsUmed (g) 4530.87 777.115 428.42 508.78 704.99 51 .27 18.78 320.45 88.42 22118.B8 4210.22 

EXcrnlea (D) 1157.18 155.211 28.00 3l1li.33 572.68 24.53 4 .83 103.88 23.47 2117.50 1068.81 

DIge$led (g) 3373.51 622.88 400.41 109.44 132.31 26.74 12.13 218.77 62.118 2001 .35 3141 .81 

Dlge5tablilly coenlCIIPnt$ (%) 

74.48 80.04 113.48 21 .51 18.77 52.1 5 72.39 67.65 72.B5 87.06 74.82 

Digeslible nutrients (% or r.tJ/IIQ) 

13.74 8 .84 2.42 2 .92 0 .59 0 .27 4 .78 13.110 44.17 611.34 

CalelUlated Dlge51lble Energy (MJ/1Ig OM): 13.110 

E5tunated energy 10&$ lrem mettJanl! (MJ/day) : 5 .19 

Energy 1055 lrom urine (MJ/day) : 4.07 

Calculated MetabollzaDie Energy (MJ/1Ig OM) : 1' .S5 



[-DigeStibility trial number 3 : Appendix K3 
FHOt~: .... ,3 

Annnal no: S100 

Startlf1j Mus: 250.00 

End MDs: SlaUglhl!r 

Avg feea Intalle (ICQ) : 4 .14 Avg OM Intake (kg) : 3 .89 

Avg 18e~ COllected (ICQ): 2.211 Avg I8ecal OM exorealeCl (kg) : 0 .88 

Avg unre oottec:lecl (I) : 0 .00 

Analy:;!!; 01 feeCl ana leaces 

(%) (%) (%) Groos (%) 

(%) Dry CruCI!! (%) (%) (%) (%) (%) Tolal Energy (%) Orgarnc 

MOISlure MatlRr PrDIRIn Fal AOF NOF CalCium PhD5 Asn (MJ/lCg) NOC Maller 

FHa "a:\ IS" Dla:iIS : 8 .00 114.00 11.18 7 .27 11.84 18.114 1 .30 0 .31 8 .48 17.89 52.17 87.54 

Feed "Dry mailer" ba5lii : 100.00 11 .87 7 .73 12.38 18.02 1.38 0 .33 8.87 18.82 55.50 93.13 

F8I!CI!$ "as IS" ba51S: 71.18 28.84 4 .80 0 .7B 8 .22 10.25 1.05 0.111 4 .88 5 .34 8 .88 23. liB 

Faeces "Dry matter" basIS : 100.00 17.88 2 .811 30.28 37.78 3 .87 O.BII 17.89 111.88 23.78 83.18 

un,. (OM basIS) : No COltecllOn~. 

I CalaAltlllDn5 

AYI!r&ge OMI 3 .811 

AYI!ragI! OM INOH excreated 0.88 

Dry CruCIe TOIal DlgeSlibie organiC 

Maller ProIRIn Fal AOF NDF CalCIUm PhD5 Asn Energy NOC MallRr 

(otaay) (OlClay) (O/Clay) (g/Clay) (gtaay) (g/aay) (OlClay) (O/Clay) (MJ/Clay) (o/Clay) (o/aay) 

COr6Unea (0) 38111.80 482.02 300.118 481 .90 701.32 53.82 12.83 287.44 73.24 21511.84 3824.18 

~XcrMted (0) 880.44 118.77 111.09 1l1li.85 2411.38 28.58 4 .58 118.15 12.118 157.05 5411.21 

Olgntea (0) 3231 .18 345.28 281 .BII 282.05 451 .114 28.28 8 .28 1411.211 80.25 2002.711 3074.95 

O!geslaDlllly OOI!lIlClenlS (%) 

83.03 74.73 113.88 58.53 84.44 52.51 84.411 55.112 112.27 112.73 B4.85 

Dlgeiillble nutrients (% or MJ/lCg) 

8 .B7 7 .24 7 .25 11 .81 0 .73 0 .21 3 .84 15.48 51.48 711.02 

CalaAlateCI DlgHtlbie Erergy (MJ/lCg DM): 15.48 

~llmalea energy lOGs lrom rneltlane (MJ/aay): 4.39 



ISummary of digestibility trials HF13: Appendix K4 

Feed analYSI$ (OM bUl$) 

olge~t 1 

DIgest 2 

oogest 3 

Awrage 

STO 

CrucM 

Proleln 

(%) 

15.44 

17.17 

11 .87 

14.113 

2 .21 

Fat 

(%) 

8.54 

9 .48 

7.73 

8 .56 

0.70 

Faeces analYSI$ (OM bUl$) 

DIgest 1 14.85 I .eo 

Dlgesl2 

DIgest 3 

Awrage 

!lTD 

13.42 

17.88 

15.25 

1.79 

DlgeSllble rutnent$ 

DIgest 1 

Dlgesl2 

DIgest 3 

Awrage 

~TD 

Intalle 

(IIG) 

4 .87 

4 .53 

3 .89 

4.43 

0 .41 

2.42 

2 .119 

2 .37 

0 .45 

FIK!Cle$ 

(IIG) 

1.19 

1.18 

0 .88 

1.00 

0 .24 

Dlge$\lblllty coenOCM!nt$ (%) 

AOF 

(%) 

11 .42 

11 .23 

12.311 

11 .88 

0 .51 

33.68 

34.51 

30.28 

32.81 

1.84 

urIne 

(I) 

8 .30 

8 .30 

7 .30 

1.00 

NO!' 

(%) 

17.01 

15.58 

18.02 

18.87 

1.01 

48.40 

49.49 

37.78 

44.55 

4.98 

Crua. 

ProteIn 

(%) 

11.31 

13.74 

8.87 

10.84 

2 .20 

DlgeSll eo.3D 

Digest 2 80.04 

Dogest 3 74.73 

Average 71.89 

STD 8.34 

ValUeS u~ed 10 calCUlate ME (MJ/kg) 

DIgest 1 

DIgest 2 

Average 

STD 

DMI 

(kg/day) 

4 .87 

4.53 

4 .70 

0 .17 

FBeQ!$ 

(leg/day) 

1.19 

1.18 

1.18 

0 .02 

urIne 

(IIday) 

8 .30 

8 .30 

7 .30 

1.00 

GE 

Inleed 

(W/kg) 

19.20 

19.0B 

19.14 

0 .08 

Catcoum 

(%) 

1 .05 

1.13 

1.311 

1 .'" 

0.14 

2 .33 

2 .12 

3 .87 

2 .77 

0 .78 

Fat 

(%) 

IUD 

8 .84 

7 .24 

8 .08 

0.85 

94.B3 

93.48 

93.88 

93.99 

0 .81 

GE 

Intalle 

(MJ/day) 

93.59 

88.42 

90.01 

3 .59 

Phm 

(%) 

0 .33 

0.37 

0 .33 

0 .34 

0 .02 

0 .40 

0 .40 

0 .119 

0 .50 

0 .14 

ADF 

(%) 

3 .17 

2 .42 

7.25 

4.28 

2.12 

27.74 

21 .51 

58.53 

35.93 

18.18 

TOIal 

A:;n 

(%) 

11 .20 

7 .07 

8 .87 

8.72 

0 .37 

10.10 

8 .98 

17.89 

12.32 

3 .97 

NOF 

(%) 

5 .84 

2 .92 

11 .81 

8 .72 

3 .63 

33.17 

18.77 

84.44 

38.79 

19.07 

GE GE 

on faeces excreated 

(MJ/kg) (MJ/day) 

20.37 

20.28 

20.33 

0 .04 

24.33 

23.47 

23.90 

0 .43 

Gro:;$ 

Energy 

(MJ/kg) 

19.20 

19.08 

18.82 

19.03 

0 .16 

20.37 

20.28 

19.88 

20.10 

0 .32 

CaJctum 

(%) 

0 .48 

0 .59 

0 .73 

0 .80 

0 .10 

45.80 

52.15 

52.51 

50.09 

!I.18 

GE 

Inurone 

(MJ/day) 

4 .43 

4 .07 

4 .25 

0 .18 

NOC 

(%) 

52.80 

50.74 

55.50 

53.01 

1.95 

27.05 

25.71 

23.78 

25.51 

1.34 

F'toS 

(%) 

0 .23 

0 .27 

0 .21 

0 .24 

0 .02 

70.12 

72.39 

84.49 

69.00 

3.32 

organIc 

Matter 

(%) 

93.BO 

92.93 

93.1 3 

93.28 

0 .37 

89.90 

92.35 

83.18 

88.47 

3 .89 

Total 

Asn 

(%) 

3 .72 

4 .78 

3 .84 

4 .12 

0 .47 

60.08 

87.65 

55.B2 

6U8 

4 .89 

GE DlgestlDle 

In metnane Energy 

(MJ/day) (MJ/kg OM) 

5 .82 

5.19 

5.41 

0.21 

14.21 

13.90 

14.05 

0 .16 

DlgHllble 

Energy 

(MJ/kg OM) 

14.21 

13.90 

15.48 

14.53 

0.89 

74 .00 

72.85 

82.27 

76.37 

4 .20 

Calo..olated 

ME (OM) 

(MJ/kg) 

12.15 

11 .85 

12.00 

0 .15 

Urone analYSIS (OM baSIS) 

Dlgesll 

Dlgesl2 

Average 

~TO 

CNOe 

proleln 

(%) 

3 .93 

2 .27 

3 .10 

0 .63 

Organoc 

NOC Matter 

(%) (%) 

48.18 

44.17 

51.48 

47.27 

3 .07 

87.45 

87.08 

92.73 

89.08 

2 .59 

71 .77 

69.34 

79.02 

73.3B 

4.11 

78.51 

74.82 

84 .85 

7B.66 

4 .44 

GroGs 

Energy 

(MJ/day) 

4 .43 

4.07 

4 .25 

0 .18 

Energy 

Faeces 

(MJ/day) 

24 .33 

23.47 

12.98 

20.26 

5 .16 

Metnane analYSI$ 

DIgest 1 

DIgest 2 

DIgest 3 

Average 

!iTO 

Energy Energy 

Metnane urone 

(MJ/day) (W/day) 

5 .82 

5 .19 

4 .39 

5 .07 

0 .51 

4.43 

4 .07 

4.25 . 

0.18 

~tln1ated energy 

Imt vIa metnane 

(MJ/day) 

5 .82 

5 .19 

4 .39 

5 .07 

0 .51 

CalC 

ME 

(MJ/kg OM) 

12.15 

11.85 

12.00 

0 .15 



(- Digestibility trial number 1 Appendix L1 
I"tHHIlypIP: 91"-13 

Anllnll' no: 999 

stllrtl~ Mu5: 1117.00 

~MIlM: 1112.00 

Avg teeCI InlaIUt (1Ig): A.18 Avg OM Intake (1Ig) : 3 .83 

Avg IECes COI/ecled (1Ig) : 3.15 Avg IBeCIlI OM excrealell (1Ig) : 0.84 

Avg unne COllected (kg): 5 .48 

Anal~lli 0I1I!eCI and II!IICIP$ 

(%) (%) (%) GrD55 (%) 

(%) Dry CI\JCIe (%) (%) (%) (%) (%) Total Energy (%) organIC 

MOI$lure Maller PrOIeln fal AD!' NOF CalcIum Pnois Alit! (MJ/IIg) NOC Maller 

feed ·u rs· bUrs : 8 .05 111 .115 1A.23 10.13 12.34 25.34 0.93 0 .34 8 .011 17.90 38.18 85.86 

feeCI .Dry mailer" bUI5 : 100.00 15.46 11 .02 13.42 27.58 1.01 0 .37 8 .82 111.47 311.33 113.36 

faeces ·115 rs· tlasl$: 73.42 28.58 A.Al 0.54 6 .88 14.42 0 .58 O.IA 2.45 5 .40 4.78 24.13 

faeCH .Dry mailer" tIIl$l$ : 100.00 16.58 2 .05 33.41 54.25 2.10 0 .53 11.21 20.32 17.111 90.79 

Unne (OM tlasl$) : 3 .411 0 .68 

I CalCulatlOn5 

Average OMI 3 .83 

Average OM II!IICI!$ excreall!Cl O.SA 

Dry CMII! Total DrgHllble organrc 

Maller ProteIn fal AOf NDf CalCIUm Pnois Alit! Energy NOC Maller 

(gtClay) (i/llay) (gJday) (g/Oay) (9/Oay) (9/Oay) (g/Oay) (g/Oay) (MJ/llay) (g/Clay) (g/lIay) 

COr"6UmI!CI (9) 3825.12 5111 .117 A21 .41 513.34 I05A.14 38.811 1A.14 253.34 7A.46 1504.28 3571 .76 

Excreatl!Cl (g) 837.27 2:14.10 17.111 2711.73 454.22 17.58 4 .44 77.11 17.01 1411.118 780.18 

DtgHII!CI (9) 21187.85 357.67 404.24 233.81 51111.113 21 .11 11 .71 178.23 57.45 1 :!sA.30 2811 .62 

Olgelilabrll1y coelhCtenlli (%) 

78.11 60.A5 95.93 45.51 58.91 54.55 88.63 89.58 77.15 90.03 78.72 

Olge511b1e rulnenlli (% or MJ/kg) 

11.38 10.57 11.11 15.88 0 .55 0 .25 4 .61 15.02 35.Al 73.50 

CalaJlaled Dlgelillbll! Energy (MJ/IIg OM): 15.02 

ElIllrnatellenergy IOsli from rneltlane (W/llay): 4 .47 

Energy IOsli from urIne (MJ/Oay) : 3 .511 

Calculated Metabolizable Energy (MJ/IIg OM) : t2.91 



Digestibility trial number 2 : Appendix L2 --] 
FHCI typI!: GF-1:5 

AI'II"'" no: S100 

91anl~ Mass: 2:5:5.00 

Era Mass: 235.00 

Avg 1eeClmllW! (IIQ) : 4 .04 Avg OM Intake (IIQ) : 3 .69 

Avg~:> COIIeCII!d (kg): 4 .25 Avg faecal OM excreateCl (IIQ): 1.33 

Avg unne CIOIII!CI1!d (1) : 5 .21 

Arery:;r.; OIleeCl ancr leaces 

(%) (%) (%) Gross (%) 

(%) Dry crucre (%) (%) (%) (".) (%) TOIal Energy (%) organIC 

MOr.;ture Maller PrOIeln Fat ADF NO/' CalC1um Ph05 A:ltI (MJ/k(I) NX Maller 

Fel!d "as IS" basr.; : 8 .70 111.:50 1:5.:57 10.00 13.111 26 .46 0.84 0 .38 6.04 18.01 35.4:5 85.26 

FeeCl "Dry matter" ba$IS : 100.00 14.84 10.115 15.24 2S.118 0.112 0 .42 S.62 19.7:5 :5S.81 1I:5.:5S 

FeclI!$ "as IS" basIS: 88.M :51 .:54 :5.38 0 .7S S.:se 1:5.10 0 .37 0 .10 2 .28 ' .50 S .:se 211.08 

FaeORs "Dry matter" bas .. : 100.00 12.S:5 2 .9:5 31 .45 49.27 1.:59 0 .:59 8 .50 20.70 28.87 92.711 

un,. (OM tlaSl$) : 4 .:51 0 .67 

I CalCUlatlOr'6 

Awrage OMI :5.88 

AYI!~ OM leacn excnall!d 1.:5:5 

Dry CI1Jde TOIal OIge5l1t111! organIC 

Malter PrOIeln Fat ADF NOF CalCIUm Ph05 A:ltI Energy NX Matter 

(g/CIIly) (glllay) (g/Clay) (g/Clay) (glllay) (g/Clay) (glllay) (g/Clay) (MJ/CIay) (glllay) (g/Clay) 

COIl5UmI!d (g) :5688.52 540.15 404 .00 581 .96 1088.98 33.94 15.:55 244.02 72.76 14:51.37 3444.50 

Excntllll!d (g) 13:51 .'" 18S.2:5 39.0:5 41S.90 856.25 18.51 '.19 11:5.22 27.57 35'.2:5 12:55.93 

DlgHteCl (g) 2:558.57 371.112 364.117 143.07 412.7:5 15.42 10.16 1:50.80 45.111 1076.14 2208.57 

DlgestabUlty coenlCM!m (%) 

8:5.S11 88.88 90.34 2'.46 38.61 45.44 86.16 5:5 .60 62.11 75.18 64.12 

Dlge:>lIbll! I'LItrlenls (% or W/IIQ) 

10.08 11 .89 3 .88 11 .19 0 .42 0 .28 :5.55 12.25 29.18 59.88 

Cala.l1atl!d Digestible Energy (MJ/kg OM): 12.25 

ESllmateCl energy 1055 from metna,. (MJ/CIay) : 4 .37 

Energy lOGS from Unne (MJ/day) : 3 .51 

CalaJlaled MetabOlizable Energy (MJ/kg OM): 10.12 



Digestibility trial number 3 : Appendix L3 
FHlllype: SF13 

Anurlll no: 9911 

Slanlrg MIlls: 281 .00 

End MII55: SIaUgItwr 

Avg lHll Inlaillt (kg) : 7 .27 Avg OM Inlalla (kg) : 8 .72 

Avg IIIeCe5 COlleCted (kg): 9 .113 Avg flll!cal OM @xcrealed (kg) : 2 .47 

Avg UfinIP COlleCt@(! (I) : 

AnalY:;I:I 01 ll!ell ani IeIlCl!S 

(%) (%) (%) GrD5S (%) 

('%) Dry CruCIe (%) (%) (%) (%) (%) Total Energy ('%) organtc 

MoIsIUf@ Maller Proll!!n Fat AOF NDF CalCium PhD5 Ash (MJ/kg) NOC Maller 

FIP.a "as IS" ba:il$ : 7 .58 "2.42 13.51 10.81 13.71 25."3 1.04 0 .37 8 .70 18.32 35.87 85.72 

Fe@(! 'Dry mailer" &lUIS : 100.00 14.82 11 .48 14.B3 2B.08 1 .13 0 .40 7 .25 ''' .62 3B.80 "2.75 

I"aeces 'as IS' 1lID1S: 74.31 25 .811 3 .47 1.13 7 .22 12.52 0 .71 0 .19 3 .113 5 .40 5 .113 22.08 

Fvces 'Ory mailer" IlIDIS : 100.00 13.05 4 .28 27.17 47.11 2.B7 0.70 13.68 20.30 21 .92 B5.87 

unnIP (OM &lUIS) : 

I C81CU1aI1DrG 

AW~OMI 11.72 

Awrage OM InCIP5 @XCf1!8I@(! 2.47 

Dry crucse TOI8I olgestlbiIP organK: 

Maller PrOI@ln F8I AOF NDF CalCIUm PhD5 Ash Energy N9C Maller 

(g/CS8y) (g/lley) (gtcsay) (g/lley) (g/llay) (g/Clay) (g/Clay) (g/Clay) (MJ/Clay) (g/Clay) (g/llay) 

ComumeCI (g) 8718.93 962.18 771 .35 "l1li.72 1885.11 75.81 28.90 487.011 133.1" 2593.21 8231 .84 

eXCf1!al@(! (g) 2473 .~ 322.85 IOS.3" 1172.17 1185.48 B8.OS 17.32 337."4 50.22 542.211 2124.30 

DIgested (g) 4244."" 85".33 685.U8 324.55 71".83 9 .55 " .511 14".15 B2."7 2050.92 4107.55 

Olge:ltablllt~ OOItlhCll!nI' (%) 

83.18 87.13 88.34 32.58 38.17 12.B4 35.82 30.112 62 .211 7".0" 85.91 

OIgeSlibIt! nutrlenlS (% or MJ/kg) 

" .111 9.111 4.B3 10.71 0 .14 0 .14 2 .22 12.35 30.52 Bl .13 

CalCUlated Otge5I1DIIP Energy (MJ/IIg OM) : 12.35 

E:;tlmaled erergy lOis trom melhanIP (MJlCSay) : 7 ."" 



Isummary of digestibility trials SF13: Appendix L4 

Feed a"'YSI~ (OM ba$1~) 

crude 

Prot~ln 

(%) 

Digest t t 5 .48 

Drgest 2 14.84 

Digest 3 14.82 

Averag~ 14.91 

STO 0 .40 

fat 

(%) 

11 .02 

10 .~ 

" .4!! 

11.15 

0 .23 

faeces analysIS (OM ba~lS) 

Dlge~t 1 18.58 2.05 

Digest 2 12.83 2.113 

Digest 3 13.05 " .28 

Average 14.09 3 .oe 

STD 1.77 

DrgesllbK! rutnenl$ 

Digest 1 

Digest 2 

Drgest 3 

Average 

STO 

Int.1Ie 

(1Ig) 

3 .83 

3.89 

8 .72 

4.7" 

1.40 

0 .91 

flll!Cle5 

(1Ig) 

o .~ 

1.33 

2 .47 

1.55 

0 .88 

Digestlbilltyooenicrehls (%) 

AOF 

(%) 

13.42 

15.24 

14.83 

14.50 

0 .78 

33 .41 

31 .45 

27.17 

30.88 

2 .81 

lXI~ 

(I) 

5 .48 

5 .21 

5 .34 

0 .13 

DIgest 1 

DIgest 2 

DIgest 3 

Average 

STD 

ValUes used to calaJlate ME (MJ/IIg) 

Digest 1 

Digest 2 

Average 

STD 

DMI Fae()@$ lXlne 

(1Ig/day) (1Ig/day) (I/Oay) 

3 .83 

3 .89 

3.78 

0 .07 

0 .84 

1.33 

1.09 

0 .25 

5 .48 

5 .21 

5 .34 

0 .13 

NDf 

(%) 

27.58 

28.98 

28.08 

28.20 

0.59 

54 .25 

49.27 

47.11 

50.21 

2 .l1li 

cruae 

Protein 

(%) 

9 .38 

10.08 

9 .81 

9 .75 

0 .30 

60.45 

88.88 

67.13 

65.48 

3 .82 

GE 

CalCIUm 

(%) 

1.01 

0 .92 

1.13 

1 .02 

0.08 

2 .10 

1.39 

2 .87 

2 .05 

0 .52 

fat 

(%) 

10.57 

9 .89 

9 .91 

10.12 

0 .31 

115.113 

90.34 

68.34 

90.87 

3 .93 

GE 

Phos 

(%) 

0 .37 

0 .42 

0 .40 

0 .40 

0 .02 

0 .53 

0 .39 

0 .70 

0 .54 

0 .13 

ADF 

(%) 

8 .11 

3 .88 

4 .83 

4 .94 

0 .91 

45.51 

25.46 

32.58 

34.51 

8 .30 

GE 

TOIal 

Ash 

(%) 

8 .82 

8 .82 

7 .25 

8 .83 

0 .30 

9 .21 

8 .50 

13.88 

10.48 

2 .28 

NDF 

(%) 

15.88 

11 .19 

10.71 

12.53 

2 .24 

58.111 

38 .81 

38.17 

44 .57 

8 .73 

GE 

GreGS 

E~rgy 

(MJ/kg) 

t9 .47 

19.73 

19.82 

19.87 

0.15 

20.32 

20.70 

20.30 

20.44 

0 .18 

CalCIUm 

(%) 

0 .55 

0 .42 

0.14 

0 .37 

0 .17 

54.55 

45.44 

12.84 

37.54 

18.00 

GE 

NX 

(%) 

39.33 

38.81 

38.80 

38 .91 

0 .31 

17.91 

28.87 

21 .92 

22.17 

3 .58 

PhCJS 

(%) 

0 .25 

0 .2!! 

0 .14 

0 .22 

0 .08 

68.83 

88.18 

35 .62 

58.80 

15.0t 

GE 

organIC 

Matter 

(·4) 

93.38 

93.38 

92 .75 

93.17 

0 .30 

90.79 

92.79 

85 .87 

89.82 

2 .91 

TOlal 

Ash 

(%) 

4.81 

3 .55 

2 .22 

3 .48 

0 .98 

89.58 

53.80 

30.62 

51 .26 

15.98 

Digestible 

In teed Ihlalle In faeces excreated In unne In methane Energy 

(MJ/IIg) (MJ/d.y) (MJ/kg) (MJ/day) (MJ/day) (MJ/day) (MJ/Iig OM) 

19.47 

111.73 

19.60 

0 .13 

74.48 

72.76 

73.61 

0 .85 

20.32 

20.70 

20.51 

0 .19 

17.07 

27.53 

22.30 

5 .23 

3 .59 

3 .51 

3 .55 

0 .04 

4 .47 

4 .37 

4 .42 

0 .05 

15.02 

12.25 

13.84 

1.38 

Drgesllble 

Energy 

(MJ/kg OM) 

15.02 

12.25 

12.35 

13.21 

1.28 

77.15 

82 .11 

82.29 

67.18 

7 .05 

CalaJlated 

ME (OM) 

(MJ/kg) 

12.90 

10.13 

11 .51 

1.39 

Unne analys's (OM oaSI~) 

crude 

protein 

("to) 

O1gest 1 3 .49 

O1gest 2 4 .31 

Average 3 .90 

STD 0 .41 

orgarvc 

NOC Matter 

(%) (%) 

35.41 

29.18 

30.52 

31 .70 

2 .68 

90.03 

75.t8 

711 .09 

81 .43 

8 .28 

73.50 

59.88 

81 .13 

64 .84 

8 .15 

78 .72 

64.12 

65.91 

69.58 

8 .50 

Grm:i 

E~rgy 

(MJ/day) 

3 .59 

3 .51 

3 .55 

0 .04 

Energy 

Faece~ 

(MJ/Oay) 

17 .01 

27 .57 

50 .22 

31 .80 

13.85 

Metna~ analYSI~ 

E!Sllmated energy 

lost Via metna~ 

(MJ/day) 

Digest 1 4 .47 

DIgeSt 2 4.37 

Digest 3 7 .99 

Average 5 .81 

~TO 1.88 

Ene rgy Ene rgy CalC 

ME 

(MJ/IICI OM) 

Metna~ lXlne 

(MJ/day) (MJ/day) 

4 .47 

4 .37 

7 .99 

5 .61 

1 .68 

3 .59 

3 .51 

3 .55 

0 .04 

12.91 

10.12 

11 .52 

1.40 



r Digestibility trial number 1 : Appendix M1 
FeecI IypR: 

AnImal no: 
Glanlf1l Ma5: 

End MII55: 

Avg _eCl Ire ... (leg) : 

Avg laecn COllected (leg) : 

HF-l0 

$100 

1ge.OO 

"'7.00 

8 .23 

8 .52 

Avg unl'll! COllected (leg) : 5.40 

Aral~15 01 teecI ana "ace5 
(%) 

MoJ5tunP 

Feed "85 115" bll515 : 8 .88 

FeeCl "Dry matle,. ba515 : 

F8I!CH ". 1$" ba51S: 78.87 

FIlI!OI!5 "Dry mane" ba51$ : 

UrIne (OM ba515): 

I CaJaJlallOnl 

Average OMI 5 .80 

Average OM IIi!tIcH eXCnPatecl 1.97 

COn:5UmecI (g) 

I!XCnPatecl (g) 

DlgHlttCl (9) 

OI~51aDllrty OC»"~,..s (%) 

olge5llble rulnere$ (% or MJIICg) 

CalCulated Dtge5111)Ie Energy (MJ/Ieg OM): 

(%) 

Dry 

Maller 

113.12 

100.00 

23.13 

100.00 

Dry 

Maller 

(i/day) 

58CI1 .38 

1970.88 

3830.70 

88.03 

ESlimaleCl energy 1OG5 !rOm ITWlhal'll! (MJlClay) : 

El'lI!rgy lOGs lrom Unl'll! (MJICIIly) : 

CalaJlaled Metabolizable Energy (MJ/Ieg OM) : 

Avg OM Intake (leg) : 

Avg IaeCaI OM eXCI1!aleCl (leg) : 

(%) 

CruCII! (%) (%) (%) 

ProIeln Fill AOF NDF 

13.00 1 .84 30.54 37.14 

13.118 1 .98 32.80 39.88 

2 .92 0 .40 10.85 13.20 

12.112 1 .75 48.91 57.08 

4 .27 

cruae 
ProIeln Fat AOF NOF 

(g/day) (glClay) (g/CIay) (glClay) 

809.90 114.113 1902.84 2313.82 

383.99 34.49 924.44 1124.88 

445.91 80.15 978.20 1168.ge 

55.08 89.92 51.41 51.39 

7.89 1.38 18.88 20.49 

11 .52 

8.22 

3 .71 

9 .81 

5.80 

1 .97 

(%) 

CalCIUm 

0.73 

0 .78 

0.28 

1.19 

CalCIum 

(glClay) 

45.48 

23.45 

22.03 

48.44 

0 .38 

(%) 

PI105 

0 .29 

0 .31 

0.13 

0.55 

PI105 

(glClay) 

18.07 

10.84 

7 .23 

40.01 

0 .12 

(%) 

Talal 

A5n 

8 .87 

7 .18 

2 .57 

11 .11 

TOIal 

A5n 
(g/Clay) 

415.54 

218.94 

198.80 

47.31 

3 .39 

Grtl55 (%) 

El'lI!rgy (%) organIC 

(MJIICg) NOC Maller 

18.83 34.47 88.45 

17.88 37.02 92.84 

4 .32 4.03 20.58 

18.87 17.44 88.89 

0.89 

OJge5l1b1e organKl 

El'lI!rgy HOC Maller 

(MJlClarJ (g/Clay) (g/Clay) 

103.80 2147.48 5385.84 

38.79 343.69 1751 .73 

88.81 1803.80 3834.10 

84.49 84.00 87.48 

11 .52 31 .09 62.64 



r Digestibility trial number 2 : Appendix M2 
FHdtypR: t-F-l0 

Annnal no: flII8 

SlartlF'CI Mas: 2211.00 

End Mass: 225.00 

AYg leecl Intau (leg) : 4.95 Avg OM Intalle (leg) : 4 .57 

Avg fIIeOH COIleCleCl (leg) : II .~ AYg Ial!c8I OM excreateCI (leg) : 1 .92 

Avg unnl! COlleCted (I): 5.89 

An&IY51S OIleed and 1e8Cl!S 

('!!o) ('!!o) ('!!o) Gross ('!!o) 

('!!o) DIy CruCIt! ('!!o) ('!!o) (".) ('!!o) ('!!o) Total ~nI!rgy ('!!o) organIC 

MOISlure Maner ProIeln 'at AD!' NOF CalCIum PtlDG As" (MJ/Ieg) NOC Maller 

FMCI 'a IS' IlasIS : 7 .eo 92.40 15.211 2 .53 22.71 28.30 0 .83 0 .38 7 .05 111.811 311 .211 85.35 

FeeCl 'DIy mailer" IlasIS : 100.00 111.52 2 .74 24.58 30.83 0 .90 0.41 7 .113 18.011 42.49 92.37 

FIII!OIlS 'as IS' basl$ : 119.93 30.07 3 .32 0 .117 11.54 11 .91 0 .34 0 .15 3.111 4 . 111 4 .44 211.211 

Faeces 'Dry marler" llasl$ : 100.00 14.311 2.90 49.89 51 .51 1.47 0 .118 111.48 18.00 14.75 87.32 

urlnl! (OM baSIS) : 4 .20 0 .111 

I C8lCUlallOn15 

AYeIllg4t OMI 4 .57 

Average OM!e1lCN excrealecl 1.92 

Dry CruCIt! TOIaI OIgHlibie organIC 

Matter ProIeln Fal AD!' NDF CalCIUm PtlDG As" Erwrgy NOC Matter 

(g/Clay) (g/Clay) (g/CIay) (gtClay) (g/Clay) (g/Clay) (g/CIay) (g/Clay) (MJ/CIay) (g/Clay) (g/Clay) 

Consumed (g) 4573.80 755.37 125.23 1124.15 1400.115 41.09 18.81 348.118 112.112 1943.37 4224.83 

Excrealed (g) 1921.47 275.92 55.72 9511.112 11811.75 28.25 12.1111 3111.118 34.511 283.42 11177.90 

OIg4!SleCl (g) 2852.33 479.45 ell.51 185.52 411.10 12.84 11.13 32.32 48.03 11159.115 25411 .93 

oigestablllly coenlClenis ('!!o) 

57.99 113.47 55.51 14.72 29.35 31.25 32.58 9 .211 58.14 85.42 80.28 

olgesllble rulnents ('!!o or MJ/Ieg) 

10.48 1.52 3.82 8 .99 0 .28 0 .13 0 .71 10.50 38.29 55.89 

CalCUlated DlgeSIlbie Energy (MJ/1Cg OM) : 10.50 

ESIIm&leClenl!llIY lOGs from melt-enl! (MJ/CIay) : 4 .1111 

Energy lOGs from Unne (MJ/Clay) : 3.81 

CalculateCI Metabolizable Energy (MJ/kg OM) : 8.113 



r Digestibility trial number 3 Appendix M3 
I"HCI type: ... ,0 

"rlmal no: D7l1 

Gtanl~Mas: 282.00 

End Mas: SIaUgIrwr 

Avg IeeCI Intake (Itg): 8 .11 "vg OM Intake (Itg): 5.74 

Avg 1ae0ft oolll!Cled (Itg) : 8 .24 Avg faecal OM excreated (Itg): 1 .711 

Avg unrw OOlleCleCI (I) : 

AnalYSI1i cl1eeCI ana lI!aces 

(%) (%) (%) Gro:;~ (Vo) 

('II.) DIy Crucle ('II.) (%) (%) ('Yo) ('II.) Total Energy ('II.) organIC 

MOISture Maller Prateln Fat ADF NOF CalCIUm p~ Mh (MJ/Itg) N9C Maller 

Feed '.:5 1$' ba:;1$ : 8 .10 IIlI.IIO 15.07 2.111 25.68 32.41 0 .98 0 .36 7 .42 18.84 36.81 88.48 

Feed 'Dr)' mailer- ba:;IS : 100.00 16.05 2 .33 27.35 34.52 1 .04 0 .38 7 .90 17.9l1 39.20 92.1 0 

FIII!Clft 'as Iii' l1li$1$: 78 .25 21 .75 lI .28 0 .47 10.5l1 12.76 0 .32 0 .12 2 .45 4 .45 lI.92 19.30 

Faeces 'DIy mailer- ba$1$ : 100.00 14.17 2 .04 45.52 55.1 5 1.40 O.SO 10.81 19.24 18.03 88.72 

LXlne (OM ba$1$) : 

I CalCUlatlOf1l 

AYI!rage OMI 5 .74 

"YI!rage OM 1eacn exc:re8leCI 1.711 

Dr)' Crucle TOIal DIgeStible orgame 

Matter ProteIn Fat ADF NOF CalCIUm p~ A5n Energy N9C Malter 

(g{Clay) (g/CIay) (gtClay) (g/day) (g/day) (g{CIay) (g/day) (g/Clay) (MJ/day) (gtaay) (o/day) 

ConsumeCI (g) 5737.211 1120.78 133.81 15611.05 11180.25 511.88 22.00 453.38 102.811 22411.09 5283.113 

ExanteCI (g) 17112.20 253.115 38.58 815.81 1188.40 25.011 8 .118 1110.15 lI4 .48 lI23.1l1 15811.118 

DlgeSled (g) 3945.011 888.82 97.25 753.24 9111 .85 34.79 13.04 283.21 68.41 1925.11e 36113.95 

Dlgeslablilty ooenlCM!nls ('II.) 

88.78 72.42 72.68 48.01 50.09 58.10 511.28 58.08 88.411 85.83 811.111 

DigestIble rutrlenll ('II. or MJ/Itg) 

11 .82 1.70 IlI.13 17.29 0 .81 0 .23 4 .511 11 .112 33.57 64.38 

CalCUlateCI DlgeSllbie Energy (MJ/Itg OM) : 11 .92 

esllmaled energy IO$llrom melhane (MJ/day) : 6.17 



Isummary of digestibility trials HF1 0: Appendix M4 

Feed analys's (OM Da:iIS) 

Digest I 

Digest 2 

Digest 3 

AV1!rage 

~TD 

CNoe 

ProI~ln 

(%) 

13.Pe 

16.52 

16.05 

15.51 

1.11 

"at 

(%) 

1 .9B 

2 .74 

2 .33 

2 .35 

0 .31 

Faeces analysIS (OM 118:>IS) 

DlllE'st 1 12.62 1 .75 

Dlgesl2 

Digest 3 

AV1!rage 

sro 

14.36 

14.17 

13.72 

0 .78 

Digestible rutnents 

Dlge:it 1 

Digest 2 

Dlges13 

AV1!rage 

~TD 

Intake 

(kg) 

5 .BO 

4 .57 

5 .74 

5 .37 

0 .57 

2 .90 

2 .04 

2.23 

0 .49 

Faeces 

(kg) 

1 .97 

1.92 

1.79 

1.69 

O.OB 

Dlgesllblilty coenlClents (%) 

ADf' 

(%) 

32.60 

24.56 

27.35 

26.24 

3 .41 

AB .91 

49.69 

45.52 

47.44 

1.62 

U"lne 

(I) 

5 .40 

5 .69 

5 .65 

0 .24 

DlQIest 1 

Dlges12 

DlQE'st 3 

AV1!rage 

~TO 

ValUes used 10 CBlrulate ME (MJ/kg) 

Digest 1 

Digest 2 

Avenage 

STD 

OMI Faeces lXlne 

(kg/daY) (kg/daY) (l/daY) 

5 .60 

4 .57 

5 .19 

0 .61 

1.97 

1.92 

1.95 

0 .03 

5 .40 

5 .69 

5 .65 

0 .24 

NO/' 

(%) 

39.66 

30.63 

34.52 

35.01 

3 .79 

57 .DB 

51 .51 

55.15 

54.5I! 

2 .31 

CNOl' 

Protein 

(%) 

7 .69 

10.4B 

11.62 

9 .93 

1.65 

55.06 

63.47 

72.42 

63.65 

7 .09 

GE 

CalcIUm 

(%) 

0 .7B 

0 .90 

1.04 

0 .91 

0 .11 

1.19 

1.47 

1.40 

1.35 

0 .12 

Fat 

(%) 

1.38 

1.52 

1.70 

1.53 

0 .13 

69.92 

55.51 

72.66 

66.03 

7 .53 

GE 

PrnI 

(%) 

0 .31 

0 .41 

0 .3B 

0 .37 

0 .04 

0 .55 

0 .66 

0 .50 

0 .57 

0 .07 

ADF 

(%) 

16.B6 

3 .62 

13.13 

11 .20 

5 .58 

51 .41 

14 .72 

48 .01 

38 .05 

16.55 

GE 

Total 

Ash 

(%) 

7.16 

7.63 

7 .90 

7 .56 

0 .31 

11 .11 

16.46 

10.61 

12.73 

2 .66 

NDF 

(%) 

20.4" 

6 .9" 

17.29 

15.59 

A.85 

51 .39 

2".35 

50 .09 

43.61 

10.10 

GE 

GroGS 

Energy 

(MJ/kg) 

17.66 

16.06 

17.93 

17.95 

O.OB 

16.67 

lB .OO 

19.24 

lB.64 

0 .51 

CalCium 

(%) 

0 .36 

0 .2B 

0 .61 

0 .42 

0 .14 

4B.44 

31 .25 

58.10 

45.93 

11.10 

GE 

NX 

(%) 

37.02 

42 .4" 

39.20 

39 .57 

2 .25 

17.44 

14.75 

16.03 

16.74 

1.43 

pros 

(%) 

0 .12 

0 .13 

0 .23 

0 .16 

0 .05 

40.01 

32.58 

59 .26 

43.95 

11 .24 

GE 

orgaroc 

Matter 

(%) 

92.B4 

92.37 

92.10 

92.44 

0 .31 

6B.69 

B7.32 

B6.72 

BB.31 

0.70 

Total 

Ash 

(%) 

3 .39 

0 .71 

4 .5" 

2 .69 

1.62 

47 .31 

9 .26 

56.06 

36.21 

20.94 

Digestible 

In feed Intake In faeces excreated In unne In melnane Energy 

(MJ/kg) (MJ/daY) (MJ/kg) (MJ/daY) (MJ/daY) (MJ/daY) (MJ/kg DM) 

17.66 

16.06 

17.96 

0 .10 

103.56 

62.55 

93 .0B 

10.52 

16.67 

lB.OO 

18.34 

0 .34 

36.76 

34 .56 

35 .67 

1.11 

3 .71 

3 .61 

3 .66 

0 .05 

6 .22 

4 .96 

5 .59 

0 .63 

11 .52 

10.50 

11 .01 

0 .51 

DIgestible 

Energy 

(MJ/kg OM) 

11 .52 

10.50 

11 .92 

11 .31 

0 .60 

64.49 

56 .14 

66.49 

63.04 

3 .56 

Calrulated 

ME (OM) 

(MJ/kg) 

9 .61 

B.63 

9 .22 

0 .59 

urine analys's (OM 118:>15) 

CNoe Grcx;s 

Digest 1 

Digest 2 

Average 

!:iTO 

NX 

(%) 

31 .09 

36.29 

33 .57 

33.65 

2 .12 

8A.00 

65.42 

85 .83 

B5.01 

0 .73 

Protein 

(%) 

4.27 

4 .20 

4 .24 

0 .03 

Organoc 

Matter 

(%) 

62.64 

55.69 

64.38 

60.90 

3 .76 

67.46 

60.26 

69.91 

65.B9 

4 .09 

Energy 

(MJ/daY) 

3 .71 

3 .61 

3 .66 

0 .05 

Energy 

Faeces 

(MJ/daY) 

36.7" 

34.5" 

34 .46 

35 .29 

1.06 

Metnane analys's 

Energy 

Digest I 

DIgest 2 

Digest 3 

Average 

3TO 

Energy 

Melnane Unne 

(MJ/daY) (MJ/daY) 

6 .22 

4 .96 

6 .17 

5 .76 

0 .56 

3 .71 

3 .61 

3 .BB 

0 .05 

~lImated energy 

lOSt via metnane 

(MJ/daY) 

6 .22 

4 .9B 

6 .17 

5 .76 

0 .56 

CalC 

ME 

(MJ/kg OM) 

9 .61 

B.63 

9 .22 

0.59 



Digestibility trial number 1 : AppendiX N1 I 
FHdlypR: !7-10 

Anllrel no: 3117 

Gtar1l~ Mas5: 1~.00 

End MaIO: 202.00 

Avg feed Inlake (fig) : 5.70 Avg OM Inlake (fig): 5 .34 

Avg taecles COllected (fig) : B.57 Avg Iaec8I OM excreated (kg): 2 .36 

Avg unrw COlleClecl (1Ig) : 8 .42 

AnalYSIS of leed and 1e8Ce5 

(%0) (%) (%) Gra>5 (%0) 

(%) Dry CNde (%0) (%) (%) (%) (%) Total Energy (%) organic 

MoIlitul'l! Maller ProIeln Fa! AOF NDF CalCium Ph05 Alin (MJ/kg) NOC Maller 

Feed '11$ 15' bIIlil5 : 8 .25 93.75 14.01 2.74 32.0B 40.90 0 .93 0.27 B.36 17.19 27.74 B5.39 

Feed 'Dry mailer bIIlil5 : 100.00 14.94 2 .92 34.22 43.63 0 .99 0 .29 B.92 lB .34 29.59 91 .0B 

Faece5 'a:; 15' bIIlil5 : 72.47 27.53 3 .64 0.55 12.74 18.01 0 .37 0 .12 3.20 5 .10 4 .13 24.33 

Faeon 'Dry mailer bIIlil5 : 100.00 13.22 1 .99 48.2B 5!1.1 6 1 .34 0 .44 11 .62 lB.51 15.01 BB.3B 

Unrw (OM DII:I15) : 4 .77 O.BO 

I CalOUlallOnli 

Average OMI 5 .34 

Aftrage OM 1eace5 exc,..alea 2 .38 

Dry Crude Tofal DlgeSllbie OrganIC 

Maller Prolein Fal "DF NDF CalCium Ph05 Alin Erwrgy NGC Maller 

(II/day) (g/daY) (g/day) (g/daY) (g/day) (g/daY) (g/day) (II/daY) (MJ/daY) (g/dar2 (g/daY) 

COf'"6Umed (II) 5343.75 79!1.57 158.1B l!12B.58 2331 .30 53.01 15.39 478.52 97.9B 1581 .18 48!17.23 

Excrealea (II) 2359.32 465.02 48.95 1091.89 1372.18 31.61 10.38 274.15 43.67 354.13 2085.17 

DIg4!:lIed (II) 2Q84.43 333.55 109.23 738.67 959.12 21 .40 5.01 202.37 54.31 1227.05 2782.08 

Dtge51aDJIIly COI!nICNlnI:s (%) 

55.B5 41 .77 69.94 40.29 41.14 40.36 32.55 42.47 55.43 77.80 57.16 

Dlge:sllble nulnenls (% or MJ/fIg) 

8 .24 2 .04 13.79 17.95 0 .40 0 .09 3 .79 10.16 22.96 52.06 

CalaJlated DlgeSIIDIe Erwrgy (MJ/fIg OM) : 10.18 

Esllmaled erwrgy 1055 from metnarw (MJ/day) : 5 .B8 

Erwrgy 1055 from Unnl! (MJlday) : 5 .14 

CalCUlated Metabotlzable Energy (MJ/fIg OM) : B. l0 



Digestibility trial number 2 : Appendix N2 -] 
I'tIed typR: !IF-I 0 

AnI,....1 no: 998 

9tanll"Cl Ma$: 242.00 

!!nil MD:s: 2311.00 

Avg flied InI.1Ie (leg) : 5 .115 AYg OM Inlaile (leg) : 4 .83 

AYg faeces colleCted (leg) : 7 .117 AYg _cal OM eXCn!ated (leg) : 2 .211 

Avg un~ COllected (I) : 15 .215 

Analy:slS af feed and feace:s 

('Yo) ('Yo) ('Yo) GroG$ ('Yo) 

('Yo) Dry Cruele ('Yo) ('Yo) ('Yo) (%) ('Yo) Total Energy ('Yo) organic 

MOISture Malter protein Fat AOF NDF CalCIUm pno:; Ash (MJ/Ieg) NOC Matter 

Feed "as 1$" ba:lIS : 8 .40 113.80 15. 13 4.20 28.33 34.15 0 .87 0 .34 7 .73 17.28 32.311 85.87 

Feed "Dry matter" ba:l1$ : 100.00 18.115 4.411 28.13 38.49 0.113 0 .38 8 .28 18.44 34.60 111.74 

FIII!Cft ". II" ba:l1$: 71.25 215.75 3 .81 0.81 14.10 17.25 0 .37 0 .14 3 .15 5 .115 2.113 25.150 

Faece:i "Dry matter" basl$ : 100.00 13.12 2 .93 51 .20 82.88 1.35 0 .51 11.43 18.75 11.811 89.OS 

Un~ (OM basil) : 4 .117 0 .84 

I C8IculallOrG 

Average OMI 4 .83 

Average OM INCH .X~t.u 2 .211 

Dry CIUCIe Tafal DlgC!$IIbIe organIC 

Matl.r Protein Fat ADF NDF CalCIUm pno:; Ash Energy NOC Matler 

(g/day) (g/day) (g/day) (glday) (g/day) (g/day) (g/CIay) (g/CIBy) (MJ/CIay) (g/day) (g/CIay) 

Con.wllECl (g) 4829.78 760.71 2115.72 1358.83 1782.14 44.811 17.54 3118.87 811 .015 1871 .32 4430.811 

Ex~eu(g) 22111 .38 300.113 117.14 1173.18 1435.711 30.113 11 .159 2111.90 42 .915 225.93 2040.58 

DIgI!Sled (g) 2538.311 460.08 149.511 185.44 328.38 13.98 5 .88 1315.1115 415.10 1445.311 2390.31 

Digestatlility coenlClenis ('Yo) 

52.515 151 .49 159.02 13.85 18.52 31 .09 33.39 34.34 51 .78 88.48 53.95 

Digestible rulnenls ('Yo or MJ/IIg) 

9 .114 3 .10 3 .84 8 .76 0 .211 0.12 2 .84 9 .54 29.93 49.49 

Caloulaled DigeStible Energy (MJ/Ieg OM) : 9 .54 

Estimated energy loGs from melna~ (MJ/day) : 5 .34 

Energy loGs from Urine (MJ/CIay) : 4 .03 

CalCUlated MetaOOllzable Energy (MJ/Ieg OM) : 7 .80 



Digestibility trial number 3 Appendix N3 -] 
FHd type: GF10 

Anu'I'lal no: Sl00 

GtanlrQ Mass: 278.00 

EnII MaN: GlaUgther 

Avg reed Il'lIaIIe (JIg): 8 .0g Avg OM Intake (1cQ) : 5 .69 

. Avg IaeC1!5 COlleCle<l (JIg) : 6.28 Avg faecal OM excreateCl (JIg) : 1.67 

Avg unre COlleCle<l (I) : 

AnaIYSI~ 01 reed ana _aces 

(%) (%) (%) GroGS (%) 

(%) DIy Crude (%) (%) (".) (%) (%) Total Energy (%) organIC 

M0I51ure Maller Protein Fat ADF NDF CalCIum PtD> As., (MJ/JIg) NOC Matter 

Feed "&5 1:;" b8:;IS : 6 .60 gS.40 14.S1 2 .20 24.76 SO.5g 0.92 0 .41 7 .44 16.58 S6.66 65.ge 

FeeCl "Dry mailer" baSIS : 100.00 15.:92 2 .36 26.53 :92.75 0.99 0 .44 7 .97 17.75 41 .8t 92.0:9 

Faeces "as 15" DasIS: 77.44 22.58 4.1S 0 .4g 13.35 15.67 0 .52 0 .20 3 .54 5.18 2 .65 19.02 

Faeces "Dry mailer" b8:;15 : 100.00 15.06 1.7g 46.4g 57.65 1.69 0 .72 12.88 18.80 12.64 84.:9t 

Unne (OM basiS): 

I Cala.lI.tlOl'l5 

Awrage OMI 5.8g 

Awrage OM ~ ex~ate<l 1.87 

Dry cruae TOIal Dlge511b1e organIC 

Maller Protein Fal ADF NDF CalCIum PtD> As., Energy NGC Maller 

(9/d.V) (gtaav) (g/ClaV) (g/llaV) (g/daV) (g/llaV) (glllaV) (g/daV) (MJ/llaV) (g/llaV) (g/daV) 

C0n5Ume<! (g) 5888.06 871.48 1:93.98 15ag.l0 1862.93 58.03 24.g7 45:9 .10 100.97 2388.57 5234.96 

Excreate<l (g) 1887.97 281 .:92 3:9 .44 905.76 1078.88 35.30 13.45 240.22 35.12 238.11 1574.83 

Digested (g) 3820.09 590.16 100.54 603.32 786.05 20.72 11 .52 212.88 85.85 2130.48 3680.14 

Dlge5taDlilty coelfeceent5 (%) 

87.18 87.72 75.04 39.98 42.19 36.99 48.14 46.98 85.22 90.02 69.92 

DlgeSllble rutnel'll:; (% or MJ/IIg) 

10.38 1.77 10.81 13.82 0 .36 0 .20 3 .74 11.58 37 .45 84.35 

CalCUlated DlgestlDle Energy (MJ/IIg OM) : 11 .58 

E:illmatell energy Jo:;s from rnetnane (MJ/llaV) : 6 .06 



Isummary of digestibility trials SF1 0: Appendix N4 

Feed analYSIs (OM Da~IS) 

Digest 1 

Dlges12 

Digest 3 

Average 

STD 

Cruae 

Prote!!n 

(04) 

14.94 

18.15 

15.32 

15.48 

0 .51 

Fat 

('Yo) 

2 .92 

4 .49 

2 .38 

3 .28 

0 .90 

Faeces analysIS (OM IIBSIS) 

Digest 1 13.22 1 .99 

Digest 2 13.12 2 .93 

Digest 3 15.06 1.79 

Average 13.110 2 .24 

sro 0 .89 0.50 

Dlgesllble rulnen\$ 

Digest 1 

Digest 2 

Digest 3 

Average 

srD 

Intalce 

(IIQ) 

5 .34 

4 .83 

5 .89 

5 .29 

0 .35 

Faeces 

(kg) 

2 .38 

2 .29 

1.87 

2 .17 

0 .22 

Digestibility ccenlClents ('Yo) 

ADF 

('Yo) 

34.22 

26.13 

28.53 

29.83 

3.31 

48.28 

51 .20 

48.49 

48.88 

2 .01 

lJnne 

(I) 

8 .42 

8 .29 

6 .36 

0 .06 

Digest 1 

Digest 2 

Dlgesl3 

Average 

sro 

ValUes used to calCUlate ME (MJ/IIg) 

Dlges\ 1 

Dlge:;\2 

Average 

SrD 

DMI Faeces urine 

(llg/day) (kg/day) (I/day) 

5 .34 

4 .83 

5 .09 

0 .25 

2 .36 

2 .29 

2 .33 

0 .03 

8 .42 

6 .29 

6 .38 

0 .06 

NDF 

('Yo) 

43.63 

38.49 

32.75 

37 .82 

4 .51 

58.18 

82.88 

57 .85 

59.49 

2 .25 

Cruae 

Protein 

('Yo) 

6 .24 

9 .94 

10.38 

8 .85 

1.85 

41.77 

61 .49 

87.72 

58.99 

11 .06 

CalCium 

('Yo) 

0 .99 

0 .93 

0 .99 

0 .97 

0.03 

1.34 

1.35 

1.89 

1.53 

0 .28 

Fat 

('Yo) 

2 .04 

3 .10 

1.77 

2 .30 

0 .57 

e9.94 

69 .02 

75.04 

71 .33 

2 .85 

Phos 

('Yo) 

0 .29 

0 .38 

0 .44 

0 .36 

0 .06 

0 .44 

0 .51 

0 .72 

0 .56 

0 .12 

ADF 

('Yo) 

13.79 

3 .84 

10.81 

9 .41 

4 .15 

40.29 

13.85 

39.9B 

31 .31 

12.49 

Total 

A~h 

('%0) 

6 .92 

6 .26 

7 .97 

8 .36 

0 .40 

11 .82 

11 .43 

12.86 

11 .97 

0 .63 

NDF 

('Yo) 

17.95 

6 .78 

13.82 

12.84 

4 .62 

41.14 

18.52 

42.19 

33.95 

10.92 

GfOG~ 

Energy 

(MJ/IIg) 

18.34 

16.44 

17.75 

16.18 

0 .30 

18.51 

16.75 

18.80 

18.69 

0 .13 

CalCIUm 

('Yo) 

0 .40 

0 .29 

0 .36 

0 .35 

0 .05 

40.36 

31.09 

36 .99 

36 .15 

3 .83 

NOC 

(%) 

29.59 

34 .80 

41 .81 

35 .27 

4 .93 

15.01 

9 .88 

12.64 

12.50 

2 .10 

Phos 

('Yo) 

0 .09 

0 .12 

0 .20 

0 .14 

0 .05 

32 .55 

33 .39 

46.14 

37 .38 

8 .22 

organIC 

Maller 

('Yo) 

91 .06 

91 .74 

92.03 

91 .82 

0 .40 

88 .38 

89.06 

84 .31 

87 .25 

2 .10 

Tolal 

Ash 

('Yo) 

3 .79 

2 .64 

3 .74 

3 .46 

0 .44 

42.47 

34.34 

48 .98 

41.26 

5 .23 

Dlgesllble 

Energy 

(MJ/1Ig OM) 

10.18 

9 .54 

11 .58 

10.43 

0 .85 

55 .43 

51 .76 

65.22 

57 .47 

5 .68 

GE GE GE GE GE GE Digestible CalCUlated 

In Il'ed Intake In laeces excreated In urine In methane Energy 

(MJ/kg) (MJ/day) (MJ/kg) (MJ/day) (MJ/day) (MJ/day) (MJ/kg OM) 

18.34 

18.44 

18.39 

0 .05 

97.91 

89.07 

93 .49 

4 .42 

18.51 

16.75 

18.63 

0 .12 

43.86 

42.94 

43.31 

0 .37 

5 .14 

4 .03 

4 .59 

0 .55 

5 .88 

5 .34 

5 .61 

0 .27 

10.16 

9 .54 

9 .85 

0 .31 

ME (OM) 

(MJ/kg) 

8 .09 

7 .61 

7 .85 

0 .24 

Urine analYSI~ (OM DeSIS) 

Digest 1 

Digest 2 

Average 

arD 

NX 

('Yo) 

22.96 

29.93 

37 .45 

30.11 

5 .92 

77.80 

86.48 

90.02 

84.70 

5 .22 

crude 

protein 

("0) 

4 .77 

4 .97 

4 .87 

0 .10 

Organic 

Maller 

('Yo) 

52.08 

49.49 

64.35 

55.30 

8 .48 

57.16 

53 .95 

89.92 

60.34 

8 .90 

Gros~ 

Energy 

(MJ/day) 

5 .14 

4 .03 

4 .59 

0 .55 

Energy 

Faeces 

(MJ/day) 

43 .87 

42.98 

35.12 

40.58 

3 .87 

Mel hane analYSIS 

Energy 

Dlgesll 

Digest 2 

Digest 3 

Average 

STD 

Energy 

Methane urine 

(MJ/day) (MJ/day) 

5 .88 

5 .34 

6 .08 

5 .78 

0 .31 

5 .14 

4.03 

4 .59 

0 .5f 

e:;lImated energy 

Io:;t via methane 

(MJ/day) 

5 .88 

5 .34 

8 .08 

5 .78 

0 .31 

CalC 

ME 

(MJ/1Ig OM) 

8.10 

7 .60 

7 .85 

0 .25 



Appendix 0 -Average pH readings 
Determination of rumen pH fluctuations over a 24 hour period on four different cycles 

Ration HE13 

Trail 1 Trail 2 

Part 1 Part 2 Part 1 Part 2 Avg STD 

8:00:00 6.43 6.46 6.47 6.12 0.46 

10:00:00 6.28 6.69 

12:00:00 6.86 6.70 

14:00:00 6.66 6.73 

16:00:00 6.63 6.77 

18:00:00 6.43 6.63 

20:00:00 6.66 6.48 

22:00:00 6.66 6.64 

0:00:00 6.69 6.07 

2:00:00 6.01 6.33 

4:00:00 6.17 6.63 

6:00:00 6.63 6.62 

8:00:00 6 .64 7.17 

6.46 6.78 0.36 

6.23 6.69 0.26 

6.41 6.60 0.14 

6.34 6.68 0.18 

6.37 6.44 0.07 

6.34 6.46 0.09 

6.46 6.66 0.08 

6.38 6.68 0.29 

6.46 6.93 0.36 

Ration HE10 

Trail 1 Trail 2 

6.40 0.23 

6.63 0.00 

6.86 0.31 

Part 1 Part 2 Part 1 Part 2 Avg STD 

8:00:00 6.48 6.78 6.68 7.00 6.74 0.19 

10:00:00 6.46 6.74 6.66 6.47 

12:00:00 6.08 6.21 6.69 6.43 

14:00:00 6.27 6.16 6.78 6.67 

16:00:00 6.23 6.23 6.82 6.83 

18:00:00 6.92 6.06 6.60 6.62 

20:00:00 6.66 6.73 6.16 6.29 

22:00:00 6.98 6.70 6.31 6.19 

0:00:00 6.04 6.62 6.66 6.21 

2:00:00 6.04 6.77 6.76 6.96 

4:00:00 6.16 6.60 6.86 6.11 

6:00:00 6 .64 6.63 6.93 6.89 

8:00:00 6 .77 7.04 7.00 6.82 

6.68 0.12 

6.33 0.20 

6.47 0.26 

6.63 0.30 

6.30 0.32 

6.96 0.27 

6.06 0.23 

6.13 0.37 

6.13 0.38 

6.42 0.31 

6.76 0.17 

6.91 0.11 

Ration SE13 

Trail 1 Trail 2 

Part 1 Part 2 Part 1 Part 2 Avg STD 

8:00:00 6.67 6.68 7.03 6.89 6.64 0.67 

10:00:00 6.27 6.26 6.32 

12:00:00 6 .49 6.48 6.14 

14:00:00 6.21 6.32 6.67 

16:00:00 6.39 6.60 6.96 

18:00:00 6.32 6.69 6.83 

20:00:00 6.17 6.48 6.64 

22:00:00 6 .14 6.64 6.61 

6.09 6.23 0.09 

6.68 6.67 0.27 

6.40 6.66 0.47 

6.26 6 .78 0.36 

6.96 6.67 0.24 

6.46 6.44 0.17 

6.13 6.61 0.36 

6.71 6.66 0.27 

6.67 6.73 0.34 

6.69 6.30 0.37 

0:00:00 6.33 6.66 6.06 

2:00:00 6.43 6.60 6.30 

4:00:00 6.73 6.19 6.67 

6:00:00 6.90 6.66 

8:00:00 6.80 6.77 

Ration SE13 

6.74 6.61 

6.89 6.64 

6.46 0.32 

6.78 0.09 

Trail 1 Trail 2 

Part 1 Part 2 Part 1 Part 2 Avg STD 

8:00:00 6.69 6.84 6.66 6.60 6.46 0.36 

10:00:00 6.69 6.33 

12:00:00 6.96 6.02 

14:00:00 6 .27 6.06 

16:00:00 6.63 6.89 

18:00:00 6.32 6.97 

20:00:00 6 .90 6.74 

22:00:00 6.29 6.88 

0:00:00 6.41 6.81 

2:00:00 6.66 6.86 

4:00:00 6.76 6.29 

6:00:00 6.91 6.69 

8:00:00 6.96 6.67 

6.30 6.40 6.41 0.11 

6.02 6.26 6.06 0.11 

6.10 6.29 6.18 0.10 

6.96 6.66 6.24 0.31 

6.08 6.60 6.22 0.21 

6.86 6.03 6.88 0.10 

6.68 6.04 6.97 0.22 

6.97 6.13 6.08 0.22 

6.96 6 .21 6.14 0.27 

6.43 6.46 6.48 0.17 

6.62 6.68 6.68 0.14 

6B3 6Bl 6B9 0.16 
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