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ABSTRACT 

In recent years in Australia there has been a decline in wool production enterprises and 

an expansion of the sheep meat/prime lamb industries. Introduced in 1996, the Dorper 

has become one of the fastest growing (in terms of uptake by producers) meat breeds in 

Australia with their success attributed mainly to its adaptability and that it can produce 

marketable lambs under less than ideal pasture conditions. 

Four grazing and three animal house studies were undertaken to investigate potential 

differences in animal production by measuring nutrient digestibility, ruminal 

parameters, energy metabolism and diet selection (based on faecal n-alkanes) in Merino 

and Dorper sheep fed diets of varying quality. The diets investigated in the animal 

house studies were lucerne and wheaten chaff and two pelleted concentrate diets while 

those included in the grazing studies were winter wheat, lucerne/clover mix pasture, 

wheat stubble and canola. 

Throughout the grazing trials production differed between the Merino and Dorper 

sheep. For all grazing trials the average liveweight (LW) and body condition score 

(BCS) of the Dorper sheep was greater (p < 0.05) than that of the Merino ewes. When 

grazing a low quality diet (wheat straw), after an initial decline in condition, Dorper 

sheep maintained BCS and LW while both the BCS and LW of the Merino ewes 

declined over the experimental period. However, when ewes grazed high quality diets, 

responses in BCS and LW differed depending on the pasture base. When grazing on 

lucerne/clover mix pastures the BCS and LW of both the Merino and Dorper ewes 

increased over the experimental period. While grazing winter wheat the LW decreased 

but the BCS of the pregnant and then lactating Merino and Dorper ewes increased. The 

loss in weight was expected due to physiological status of the ewes and the inability to 

correct LW for conceptus weight. At the commencement of grazing canola, Merino 

ewes were significantly lighter than the Dorper ewes but after after 54 days of grazing 

there was no difference in the LW of the two breeds.  

From the animal house studies, when fed restricted roughage diets of differing quality 

and concentrate pelleted diets there were no differences (p > 0.05) in nutrient 

digestibility, rumen pH and ruminal ammonia concentrations but variable differences (p 

< 0.05) in volatile fatty acid (VFA) concentrations and proportions between Dorper and 

Merino sheep. This suggests that any production differences between these two breeds 

when when fed such diets are thus the result of either differences in feed intake and/or 
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diet selection or differences in energy metabolism as a consequence of differences in the 

concentrations and/or proportions of VFA. 

When fed concentrate-based pelleted diets, breed differences existed in ruminal outflow 

rates as well as the concentrations and proportions (in particular acetic and butyric 

acids) of VFA. These differences could be due to differences in particle outflow rates 

from the rumen and/or microbial populations in the Merino and Dorper sheep.  

Metabolite/hormonal challenges were conducted on a high quality pelleted diet to see if 

differences existed between Merino and Dorper sheep. Baseline glucose concentrations 

were higher in the Dorper sheep, but the magnitude of the response to both the 

epinephrine and insulin challenges did not vary (p > 0.05) between the sheep breeds, 

therefore the stress response was the same. It is likely that it is not just fatness of the 

animal which influences basal blood glucose concentrations but also insulin resistance 

and/or physiological differences between meat and wool sheep breeds. 

When grazing on high quality feeds such as winter wheat and canola there were no 

differences (p > 0.05) in diet selection (based on faecal n-alkanes), and therefore 

presumably nutrient supply or microbial efficiency between the Merino and Dorper 

sheep. However, when grazing on lucerne/clover mix pasture and wheat stubble 

differences existed in diet composition and therefore potentially nutrient supply and 

microbial efficiency between the two sheep breeds.  

Future research needs to be conducted into establishing when (which types of pastures) 

and to what extent diet selection differs between Dorper and Merino sheep and how this 

may impact on nutrient utilisation and their subsequent performance. Undertaking this 

research in a much more complex grazing system, such as the rangelands, would be 

particularly useful given the increase in popularity of this breed in these areas of 

Australia.  
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CHAPTER 1: INTRODUCTION 

Studies conducted into the effects of climate change in southern Australia indicate the 

predicted changes (in climate) will negatively impact pastures and livestock (Moore and 

Ghahramani 2013) due to the decrease in forgae quality, an increased incidence of 

drought (Howden et al. 2007) and a greater risk of soil erosion and degradation due to a 

decline in ground cover. Any or all of these impacts will have a major influence on the 

profitability of current animal production enterprises (Ghahramani and Moore 2003; 

Tubiello et al. 2007; Cullen et al. 2012; Moore and Ghahramani 2013). To maximise 

profitability of grazing enterprises it is important to select species and even breeds of 

animals that are able to utilise the available pasture the most efficiently, thus 

minimising the need for supplementary feeding. Animals that are able to easily adapt to 

changing conditions and utilise poorer quality feed more efficiently need to be selected.   

Traditionally, Merino sheep have been produced throughout the pastoral areas of New 

South Wales (NSW), Queensland, Victoria, South Australia and Western Australia with 

some Merinos also produced in areas with improved pastures. In recent years there has 

been a decline in wool production enterprises and an expansion of the sheep meat/prime 

lamb industries. Part of this expansion can be attributed to the decline in wool market 

prices in relation to other commodities. With the change from wool to sheep meat/prime 

lamb production many slaughter lambs are now being produced in poorer environments, 

where either the quality and/or quantity of feed are limited (Kilminster and Greef 2011). 

The comparative decline in nutrition results in poorer growth rates and the need for 

supplementary feeding to finish the animals to market standard.  

Since the 1980s there has been an increase in alternative breeds of meat sheep in 

Australia. These breeds are selected for a number of characteristics including body 

conformation, growth rate, fat distribution, reproductive performance and suitability for 

meat production under extensive grazing conditions (Chikagwa et al. 1999; Kilminster 

and Greef 2011). One of these breeds is the Dorper, which was introduced from the 

semi-arid areas of South Africa. Although developed for the more arid areas, the Dorper 

is now widespread throughout South Africa, Namibia, Zimbabwe, Zambia, Kenya, 

Mauritius, Malawi, Burundi, Israel, Saudi Arabia, Australia, the United States and 

several European countries (Milne 2000; Budai et al. 2013). Developed in the 1940s by 

the Department of Agriculture in South Africa, the Dorper combines the hardiness of 

the Black-headed Persian with the meat-producing capacity of the Dorset Horn 
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(Alemseged and Hacker 2014). Data from South Africa shows both the adaptability and 

high fertility rates of Dorper sheep. De Waal et al. (1980) found that between successive 

years, production in the Dorper was linked to rainfall and its effect on the quality and 

quantity of veldt for grazing. Olivier et al. (1984) found Dorper sheep had a higher 

fertility rate (85%) compared to the Merino (65%) and that litter size was larger in the 

Dorper (1.18) compared to the Merino (1.02). In comparing (average) first lambing in 

Dohne Merino, South African Mutton Merino and Dorper sheep, Schoeman (1990) 

found first lambing was 3 to 4 months earlier in the Dorper compared to the other 

breeds.  

Introduced in 1996, the Dorper has become one of the fastest growing (in terms of 

uptake by producers) meat breeds in Australia (Scanlon et al. 2013), with their success 

attributed mainly to its adaptability and that it can produce marketable lambs under less 

than ideal pasture conditions (Knights 2010). In research conducted in Australia, 

Scanlon et al. (2013) found that under restricted feeding, Merino and Dorper sheep had 

similar growth evolutions; however, Almeida et al. (2013), in assessing carcass and 

meat characteristics of Dorper and Merino lambs under restricted feeding, found that the 

Dorper lambs had a higher carcass weight compared to that of the Merino. Dressing 

percentage was also higher in the Dorper. Kilminster and Greer (2011) compared 

Dorper and Merino ewes in terms of reproductive performance in a system that was 

nutritionally optimal for the Merino and had one annual joining. They found Dorper 

ewes were sexually earlier maturing animals, being able to wean > 70% of lambs when 

joined at 9 months of age. In addition, the Dorper ewes were able to maintain 

consistently higher lamb weaning rates when body fat was low. When the ewes gained 

live weight (LW) and reached mature body weights, the Dorpers had lower lamb 

weaning rates (Dorper 105% vs Merino 134%). However, this was not truly reflective 

of lamb weaning rates as Dorpers are polyoestrus and can successfully mate and 

conceive at any time of the year. This gives them the potential to have more than one 

annual lambing and as a consequence would have higher (annual) nutritional needs to 

support multiple pregnancies, which was not taken into account in this study. 

The Dorper has been found to perform well under sub-optimal conditions, which 

enables them to adapt to drier regions. An increase in reproduction and carcass 

characterisitics under less than ideal conditions and a difference in diet selection 

compared to the Merino may allow the Dorper to be better suited to the more arid areas 
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of Australia, such as the rangelands (Alemseged and Hacker 2014). This would have a 

major impact on the Australian sheep industry, as this would influence the wool and 

meat markets and allow meat sheep production systems to be used in semi-arid areas. 

1.1 Study Background and Significance 

As highlighted above, differences in production parameters have been found between 

Merino and Dorper sheep; however, only limited research has been conducted to 

explain why these differences exist. Therefore, the research reported in this thesis was 

designed to investigate if production differences between these two breeds of sheep may 

be a consequence of differences in feed intake, digestive efficiency and/or energy 

metabolism.   

1.2 Research Questions 

The overall aim of the research reported in this thesis was to determine if differences in 

production responses of Dorper and Merino sheep fed various diets (of varying quality) 

were due to differences in feed efficiency. To determine this both animal house and 

grazing studies were undertaken to investigate potential differences in nutrient 

digestibility, ruminal parameters and energy metabolism between the two breeds.  

The specific aims of the research reported in this thesis were as follows: 

1. To determine and compare nutrient digestibility in Merino and Dorper sheep fed 

diets of differing quality (utilising animal house studies). 

2. To determine and compare ruminal parameters including pH, ammonia (NH3-N) 

concentrations, volatile fatty acid (VFA) concentrations and proportions and 

ruminal fluid volumes and outflow rates of Merino and Dorper sheep fed diets of 

varying quality (utilising both animal house studies and grazing trials). 

3. To compare under grazing conditions, diet selection (using faecal n-alkane 

profiles) of Merino and Dorper sheep. 

4. To determine if the stress response (as a component of energy metabolism) 

differs between Merino and Dorper sheep when subjected to exogenous 

metabolite/hormone challenges (utilising an animal house study). 
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5. To determine if any differences in production responses (liveweight gain and 

body condition score) between Merino and Dorper sheep fed diets of varying 

quality can be attributed to differences in diet selection, nutrient digestibility, 

ruminal parameters and/or energy metabolism (stress response). 

  



5 

 

CHAPTER 2. LITERATURE REVIEW 

Ruminants can be separated into three different feeding categories: grazers, 

browser/concentrate feeders and intermediate feeders. These categories reflect their 

selection of feed. Grazing ruminants (e.g. cattle) are better adapted to, and typically 

select grasses and sedges which are digested slowly when compared to browsers, as the 

grazers have a larger rumen, which also slows the movement of food into the intestines. 

Browsers (e.g. mule deer) have more developed parotid salivary glands and are able to 

produce large amounts of saliva that will buffer rapidly digestible diets and also aid in 

passage of feed from the rumen. Browsers tend to have a smaller bite size which results 

in a higher relative saliva flow compared to grazers. Intermediate ruminants (e.g. sheep 

and goats) are better adapted to diets between that of grazers and browsers (Robbins et 

al. 1995). It is assumed that animals which consume browse diets have evolved 

differently to those that consume a grass diet (Gordon 2003). Clauss et al. (2010) 

reported that although other authors have stated that intermediate feeders and grazers 

evolved from browsing ruminants, recent evidence suggests that both strict browsers 

and strict grazers have evolved from intermediate-type ruminants.  

Perez-Barberia et al. (2004) has advocated; however, that rather than the classification 

of ruminants into browsers, grazers and intermediate feeders, it should be based on their 

dietary habits, such as morphology, physiology, ecology and/or behaviour between 

ruminants with different feeding styles. Many researchers (e.g., Hofmann 1989; Gordon 

and Illius 1988; Archer and Sanson 2002) have used morphological techniques to assess 

the relationship between the diet consumed by different ruminant species. Differences in 

digestive anatomy are discussed in Section 2.2. 

Most authors (Robbins et al. 1995; Clauss and Leuchner-Doll 2001; Gordon 2003; 

Munnich et al. 2008) classify sheep as grazers; however, this may vary between 

different breeds. Brand (2000) found that Dorper sheep utilised shrubs and bushes thus 

making them appear to be more of an intermediate feeder like the goat, compared to a 

grazer like Merino sheep.  

2.1 Diet Selection 

The diet selected by grazing livestock can be of higher nutritive value (quality) than the 

average nutritive value of the individual components within the available pasture. If a 
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range of species that differ markedly in stage of growth is available, preferences will 

usually be for the species with the least mature herbage. The ability to selectively graze 

depends on stocking rates, with the ability to selectively graze decreasing as stocking 

rates increase (Matches 1992). Diet selection is influenced not only by forage 

availability (Shipley 1999) but also the botanical composition of the pasture and the 

season (Ouédraogo-Kóne et al. 2006; Mphinyane et al. 2015). When pasture quantity 

and/or quality is declining, sheep generally select a higher quality diet than cattle 

because they are able to graze lower to the ground compared to cattle (Klopfenstein et 

al. 1987).  

Dietary selection and preferences may vary depending on breed (Hegarty 2004). Du 

Toit and Blom (1995) investigated diet selection of Angora and Boer goats and Dorper 

and Merino sheep and found that Dorper and Merino sheep and Angora goats selected 

similar diets.  Boer goats; however, selected a diet that was up to 30% different. In a 

study of diet selection of Afrino, Dorper and Merino sheep, and Angora goats grazing 

on the arid Karoo in South Africa, du Toit et al. (1995) found the Afrino and Merino 

sheep and the Angora goats selected a diet containing around 50% Karoo bushes (low 

palatability) while the Dorper selected a diet containing over 70% Karoo bushes. The 

Dorper thus selected a diet less palatable than that of the other breeds of sheep and goat. 

In a follow-up study, du Toit (1998) found that Merino and Dorper sheep selectively 

grazed different parts and proportions of the herbage on offer. Merino sheep selected 

more grasses, while the Dorper selected Karoo bushes and plants with a greater woody 

component. Overall, there was around an 8% difference in diet selection, with the 

largest difference found during the plant reserve storage and dormant seasons. In 

contrast, Engles et al. (1974) found no differences in diet selection between Merino and 

Dorper sheep when fed a native diet consisting of 60% Themeda triandra, 6% shrubs 

and 34% mixture of annual pastures. Similarly, Botha et al. (1983) found no difference 

in diet selection (botanical composition) in oesophageally fistulated Merino and Dorper 

sheep fed a diet of Karoo bushes. 

Differences in diet selection not only encompass differences in the botanical 

composition of the diet but also differences in the nutritive value and intake of selected 

diets. Quick and Dehority (1986) found that when fed three different forage forms 

(pellets, chopped and long hay), wool sheep, hair sheep and dairy goats all responded 

similarly in terms of selectivity, intake and digestibility. However, wool sheep had 
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relatively (body weight [BW] basis) greater dry matter (DM) intake (DMI) than the hair 

sheep, which had greater DMI than the goats.  Brown and Johnson (1984) found sheep 

only had a greater relative (BW basis) DMI than Toggenburg goats when fed lower 

quality, high fibre roughage diets. Differences in feed intake may be a reflection of 

differences in digestibility. Silva et al. (2003) found differences in digestibility of 

protein and cell-wall constituents between goats and sheep, with the differences more 

pronounced when medium and low quality diets were fed.  

Results of studies comparing digestibility in Dorper and Merino sheep have been 

variable. Engels et al. (1974) and de Waal and Biel (1989) found that digestibility (of 

the native South African pasture) did not differ between Merino and Dorper sheep; 

however, Schoeman (2000) and Mwenya et al. (2003) found that DM digestibility 

(DMD) was higher on native pasture and maize strover crop residue (54.6 vs 60.9%) in 

Dorper sheep compared to a range of wool sheep breeds, including the Merino. Mwenya 

et al. (2003) found that Dorper sheep had longer total mean retention times compared to 

the indigenous fat-tailed sheep. These finding suggest that the Dorper breed is well 

adapted to the utilisation of low-quality roughage diets, as increased ruminal retention 

time increases exposure of the more slowly degradable plant components to microbial 

fermentation. 

2.1.1 Assessing botanical composition of the diet 

A number of different procedures can be used to estimate the botanical composition of 

the diet of grazing ruminants, including direct observation of the animal, identification 

of plant material in oesophageal, rumen and faecal samples, plant and faecal n-alkanes 

and faecal near infrared spectrometry (NIRS) analysis.  

2.1.1.1 Observation methods 

Direct observation of the dietary selection has been successfully used for a number of 

grazing herbivores including sheep and goats (Ngwa et al. 2000). Observational 

methods are a widely used procedure in estimating botanical composition of the diet 

(Holechek et al. 1982) and allow large amounts of information to be gathered (Hobbs et 

al. 1983). However, the data is typically biased towards easily observable plant species 

and the validity, accuracy and precision of the data is questionable (Holechek et al. 

1982; Gordon 1995). In addition, bite size can vary making it only a crude estimate of 

how much of a plant an animal is eating (Mayes and Dove 2000).  The major 
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disadvantages of this method are that it is labour intensive and generally has poor 

repeatability (Holechek et al. 1982). 

2.1.1.2 Plant biomass 

Measuring and comparing the pre- and post-grazing pasture biomass and composition is 

an alternative means of estimating diet composition. Direct visual estimation allows a 

rapid assessment of pasture biomass (kg DM/ha) as well as changes in botanical 

composition (assumed to be due to grazing) over a short period of time. Small amounts 

of herbage are plucked from the pasture as a representation of the grazing patterns of the 

animal and the sample is assumed to be representative of the pasture grazed by the 

animal at a given time (Langlands 1974). However, this method does not account for 

any selective grazing and thus may not be an indication of either the botanical 

composition of the diet selected by animals or the nutritive value of the diet actually 

selected.  

2.1.1.3 Identification of plant material in oesophageal, rumen and faecal samples 

Identification of the composition of the diet may also be estimated by microscopic 

examination of faecal samples or samples collected from animals fitted with either 

oesophageal or ruminal fistula (Mayes and Dove 2000). McInnis et al. (1983) used 

oesophageal fistulation, rumen contents analysis and faecal analysis to determine food 

habits in large herbivores and found that faecal and rumen analyses over-estimated the 

less digestible portions of the diet, with samples collected via the oesophageal fistula 

providing more accurate results. Although animals fitted with oesophageal or ruminal 

fistula tend to produce more accurate measurements (Henley et al. 2001), their use has 

to be limited to short periods of time and can interfere with an animal’s grazing 

behaviour and selection. Furthermore, these methods are labour intensive and generally 

have poor repeatability (Holechek et al. 1982), and the fistulation of animals is a 

welfare issue (Mayes and Dove 2000). 

2.1.1.4 Analysis of plant and faecal alkanes 

Saturated hydrocarbons or n-alkanes are found in the cuticular wax of a plant. The 

concentration and profile of the n-alkanes are specific to plant species and plant parts 

(Dove et al. 1996). N-alkanes are suitable markers to estimate diet selection and nutrient 

intake as they are mainly indigestible and have high faecal recovery rates (Ferreira et al. 

http://www.sciencedirect.com/science/article/pii/S0377840115001224#bib0155
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2009). By identifying the n-alkanes in the plant and comparing them with the n-alkanes 

found in the faeces, it is possible to estimate the botanical composition of the diet 

(Bugalho et al. 2004; Dove and Mayes 2005). Estimates of DMI and intake of 

individual plant species are obtained by comparing the concentration of even-chain n-

alkanes (released at a predetermined rate via the administration of intra-ruminal 

capsules) with concentrations of odd-chain n-alkanes in the faeces of the grazing animal 

(Dove and Mayes, 1996). The estimation of diet composition relies on the assumption 

that n-alkane profiles vary markedly among diet components, and that this is reflected 

in the faeces (Dove and Mayes 2005). Pen-feeding studies using sheep (Lewis et al. 

2003) and cattle (Ferreira et al. 2007) have validated this methodology; however, in 

field-based studies the technique has predominantly been validated in simple pastures 

(Newman et al. 1995).  

There are a number of limitations of the technique; n-alkanes can differ between the 

stem, leaf and flower-head of plants (Smith et al. 2001) and may also vary with the age 

of some plants (Lee and MacGregor 2004). However, plant species account for more 

than 85% of the variation in n-alkane concentrations compared to plant parts (Dove et 

al. 1996). Errors in the estimation of diet composition may also arise due to incomplete 

or variable recovery of n-alkanes in faecal samples (Olivan et al. 2007). The maximum 

number of components which can be discriminated in the diet is limited to the number 

of available n-alkanes. As the number of dietary components increases, estimates of the 

composition of the diet become less accurate (Hameleers and Mayes 1998).  

2.1.1.5 Faecal near infrared reflectance spectroscopy 

Near infrared reflectance (NIR) spectrometry (NIRS) is the analysis and characterisation 

of a sample based upon its absorption properties within the NIR radiation region. It has 

been used to predict faecal concentrations of n-alkanes and subsequently diet 

composition in sheep and goats (Walker et al. 2002; Landau et al. 2004, Keli et al. 

2008).  

2.1.2 Assessing the nutritive value of diets 

Ruminants select their diet from a diverse array of plant species that vary in their 

chemical composition. Nutritive value is used to quantify the presence and availability 

in feed of chemical components (nutrients) that are required by the animal. Nutritive 

value is influenced by a number of factors including the concentrations of nutrients in 
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the feed, the availability of these nutrients, and the efficiency with which the absorbed 

nutrients are used by the animal. The quality of the diet consumed by an animal is 

determined by the supply of nutrients and the energy obtained. This is typically 

measured as digestibility (%) and metabolisable energy (ME) (MJ/kg DM). 

The chemical composition of feed has traditionally been determined by wet chemistry. 

The components assessed by wet chemistry include DM, ash, crude protein (CP), lipids, 

soluble sugars, starch, neutral detergent fibre (NDF) and acid detergent fibre (ADF). 

The organic matter (OM) content of the feed is calculated by subtraction of the ash 

content from the DM content. For more information of wet chemistry, refer to the 

Australian Fodder Industry Association (AFIA 2006).  

Near infrared spectrometry is now commonly used to determine the chemical 

composition of feed, but can also be used to predict the nutritive value of the diet using 

faecal samples (Walker et al. 2002; Keli et al. 2008). As is the case with any NIRS 

analyses, the accuracy of faecal NIRS (fNIRS) estimates of diet nutritive value is 

dependent upon the data (reference values) used to calibrate the instrument. Wet 

chemistry analysis is used to create reference values (of the chemical components) used 

to form empirical calibration equations that relate the NIR spectra to feed or faecal 

samples (Coates and Dixon 2011).  

Nutritive value of a feed is more than its chemical composition; it also includes 

digestibility. Apparent, total tract digestibility is traditionally determined by in vivo 

metabolism studies, which require confinement of the animal and the measurement of 

total feed intake and total faecal output (Hudson et al. 1986). This allows determination 

of the digestibility of DM and OM as well as individual components such as CP, NDF 

and ADF. These studies are time consuming, laborious and expensive. As a result, in 

vitro techniques have been developed and in the past decade, fNIRS has been found to 

be useful in predicting digestibility in sheep (Li et al. 2007; Decruyanaere et al. 2015).  

2.2 Utilisation of the Diet 

Evolutionary differences in diet selection between grazers and browsers has resulted in 

differences in the microbial populations that inhabit their gastrointestinal tract (see 

Section 2.2.1) as well as differences within the structures of the digestive tract that has 

presumably allowed them to better extract nutrients from their preferred forage class. 
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These differences may account for differences in production between species or even 

between breeds. For example, if Dorper sheep are an intermediate feeder like the goat, 

and Merino sheep are a grazer, this may account for any differences in their digestive 

efficiency. 

As shown in Table 2.1, there are measurable differences in the morphology of the 

foregut, the hindgut, salivary glands, liver, mouth, teeth and body mass of browsers and 

grazers that may influence their ability to digest and harvest grasses and browses 

(Langer 1988).  

Comparative morphological studies of the digestive tract of East Africa wild ruminants 

indicate that the forestomach, and in particular the omasum, has adapted structurally to 

the type of feed the animal ingests (Hofmann 1989). These anatomical adaptations are 

likely to be influenced by characteristics of the stomach such as digesta-load capacity, 

rate of outflow of digesta and absorption of nutrients. Differences in domesticated 

ruminant species in voluntary feed intake (VFI) per unit body weight may be influenced 

by the structure of the omasum. Higher intake presumably reflects a faster passage of 

feed particles from the rumen. However, the effect of the structure of the omasum on 

rate of flow of ruminal digesta into and through this compartment is not well understood 

(Clauss et al. 2010). 

Table 2.1 A relative comparison of digestive anatomy between grazers and browsers (Shipley 

1999). 

Characteristic Grazers  Browsers 

Foregut Large 

Subdivided 

Smaller opening between reticulum 

and omasum 

Sparser, more uneven papillae 

Small 

Simple 

Larger opening between reticulum 

and omasum 

Denser, more even papillae 

Abomasum Smaller Larger 

Hindgut Smaller caecum and intestines Larger caecum and intestines 

Salivary glands Smaller parotid salivary glands Larger parotid salivary glands 

Liver Smaller Larger 

Mouth  Wider muzzle and incisor row 

Lower incisors of similar size 

 

Narrower muzzle and incisor row 

Central incisors broader than outside 

ones 
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Incisors project forward 

Smaller mouth opening and stiffer 

lips 

Incisors more upright 

Larger mouth opening with longer 

tongue 

Teeth Higher crowns in some species Lower crowns in some species 

McSweeny (1988) found cattle and water buffalo, which are predominantly grass eaters, 

had similar omasums, but they were markedly different in structure from those of the 

intermediate feeders such as sheep and goats. The reticulo-rumen and abomasum of 

goats were larger than those of sheep relative to BW. 

Compared to browsers, grazers tend to have larger, more muscular, subdivided 

rumen/reticulum, and a smaller orifice between the reticulum and omasum. This 

adaptation may serve to retard the passage of digesta to the lower tract, giving more 

time for fermentation of plant fibre (hemicellulose and cellulose). Due to a greater 

proportion of grass cells being cellulose, this adaptation would presumably allow 

grazers to digest the cell wall more thoroughly and obtain more energy per unit of food 

(Shipley 1999).  

Browsers tend to have extensive dense papillae in all parts of the rumen, enlarging the 

surface area by as much as 22%, which may allow efficient absorption of VFA from the 

rapidly-fermenting cell contents of the browse plants. In contrast, grazers have fewer, 

uneven papillae that limit the absorptive capacity of the rumen (Hofmann 1989).  

Grazers and browsers also differ in the relative size of the parotid salivary glands and 

the composition of the saliva produced. The weight of the parotoid salivary glands 

increases linearly with body mass in both grazers and browsers, but averages four times 

larger in browsers compared to grazers. Cattle and sheep saliva is thin and watery 

compared to that of a deer, which is viscous and gelatinous. Many browsers produce 

tannin-binding salivary proteins that may prevent tannins in browses from greatly 

reducing protein digestibility (Hofmann et al. 2008). While there may be differences in 

the size of the salivary glands and the production and composition of saliva, Robbins et 

al. (1995) found there were no significant differences between ruminal fluid flow rates 

of similar sized browsers, grazers and intermediate feeders.  

Compared to grazers, browsers have up to 100% more liver tissue relative to their body 

size and it has been suggested that this increase in liver size is an evolutionary 



13 

 

adaptation to allow detoxification of secondary plant metabolites present in many 

browse species (Hofmann 1989).  

Body size may also affect the mouth and tooth morphology in grazers and browsers 

(Shipley 2007). Small animals naturally have a smaller mouth that may help them to 

crop small bites of browse more efficiently (Papachristou et al. 2005).  

2.2.1 Rumen microbial populations 

As well as differences in gut morphology, variation in the composition of the microbial 

populations of the rumen may account for differences in digestive processes between 

browsers, intermediate-feeders and grazers. The rumen microbial population includes 

bacteria, archaea, ciliate protozoa, fungi and viruses. The microbial ecosystem is unique 

as it is specialised and buffered within a narrow range of pH 6 to 6.9 (Kamra 2005). 

These microorganisms live in a symbiotic relationship with the host and are used to 

convert lignocellulosic feeds into VFA which serve as a major source of energy for the 

host animal. Differences in ruminal flora and fauna exist between different species and 

breeds as well as between individual animals. These differences are likely to reflect 

differences in diet selection, the rate at which it is ingested and rumen kinetics (Hegarty 

2004).  

2.2.1.1. Bacteria 

Bacteria are the initial colonisers that adhere to the surface of plant materials. Primary 

colonisers, including cellulose digesters, attach to newly ingested forage particles, 

exude extracellular polymeric substances and then develop into biofilm colonies (Leng 

2014). Bacteria represent the most abundant microorganisms in the rumen, with the 

population varying between 1010-1011 cells per gram of rumen contents (Hespell et al. 

1997) and consisting of at least 30 predominant bacterial species (Miron et al. 2001) 

including lactobacilli, streptococci, coliforms, bacterioides and clostridia. Seventy per 

cent of the adhering types involved in degradation are encapsulated cocci and 

irregularly shaped bacteria (Akin and Barton 1983). Bacteria are considered more 

important than protozoa and fungi in determining the extent and rate of feed degradation 

and utilisation for the production of microbial protein and VFA (Stewart et al. 1997). 

This complex population of predominately anaerobic bacteria metabolise a wide range 

of N and carbohydrate sources from both dietary and endogenous residues, resulting in 
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the formation of indole, skatole, phenol, hydrogen sulphide, amines, ammonia and VFA 

(McDonald et al. 2002).   

Within the rumen, bacteria can be associated with either the ruminal fluid or the feed 

particles. Fluid-associated bacteria feed on soluble carbohydrates or proteins (Stewart et 

al. 1997). Attachment of bacteria to feed materials enables them to efficiently digest 

OM in the rumen (Cheng et al. 1980). These particle-associated bacteria digest the 

insoluble polysaccharides as well as the less soluble proteins. Particle-associated 

microbes play the most important role in rumen digestion (Edwards et al. 2008) and, as 

described by Leng (2014), are found in associated consortia embedded in a biofilm 

matrix where endproducts produced by one colony are sequentially used by closely 

associated colonies. 

Bacteria can also be found in the epithelial cells that line the rumen wall. These bacteria 

use oxygen that diffuses from the blood through the epithelial cells to the ruminal fluid. 

Thus they help maintain the anaerobic state of the rumen, and are also important in 

converting urea in to ammonia (Stewart et al. 1997).  

In general, the size of the bacterial population is proportional to the quantity of substrate 

available, with the number of bacteria increasing as the digestibility of feed increases 

(Theodorou et al. 1990). The presence of ciliate protozoa in the rumen decreases the 

number of bacteria by up to 50-90% (Nolan et al. 1988).  There is an inverse 

relationship between bacteria and protozoa numbers, due to not only direct competition 

for nutrients and space, but also to the predatory activity of the protozoa (Bird 1985).  

Cellulolytic bacteria are important in fibre digestion. Substantial shifts in the source and 

amount of fibre in the diet of dairy cows has been shown to result in shifts in 

production, ruminal chemistry and populations of rumen bacteria (Weimer et al. 1999). 

Tajima et al. (2001) found that when a hay diet was fed, numbers of fibrolytic bacteria 

were very high, but when the diet was changed to become high in grain, the number of 

fibrolytic bacteria dropped dramatically (10 to 20 fold). On the hay diet, Prevotella 

ruminicola was the most abundant bacteria but when the diet was changed to a grain, 

the number declined but was still one of the predominant populations. Prevotella 

bryantii demonstrated the opposite, which suggests that it has a large role in starch 

degradation.  
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Because VFA are the major end-products of bacterial fermentation in the rumen, 

differences in VFA concentrations and proportions will be a result of differences in the 

bacterial population, which will be a reflection of differences in diet (substrate supply) 

and/or between host species.  

2.2.1.2 Archaea 

The ruminal archaea are mostly methanogens that belong to phylum Euryarchaeota. 

Methanogens utilise the carbon dioxide and hydrogen produced from bacterial 

fermentation to produce methane. The diversity of methanogens in the rumen does not 

appear to vary between different host animal species. In their investigation of 

methanogen communities of sheep, cattle and red deer, Jeyanathan et al. (2011) found 

that the rumen environment was relatively consistent over time, and this likely 

accounted for the similar diversity of the methanogens in the rumen of these different 

species. The effect of diet variation was strongest in cattle, less so in red deer and was 

not detected in sheep. It is speculated that the reason cattle were so different to the other 

breed of ruminants on different diets was due to rumen size. Thus, due to the increased 

size of the rumen in cattle this may represent a more stable environment leading to less 

variability in methanogen community structure between individuals. 

2.2.1.3 Protozoa  

Various protozoa species inhabit the rumen (Leng et al. 1986), with the majority of 

them being ciliate protozoa. The type and biomass of protozoa present depends on diet, 

feed intake and the feeding patterns. Different types of diets encourage different 

protozoal genera, but higher numbers of protozoa are generally found in the rumen with 

diets of high digestibility (McDonald et al. 2002; Kamra 2005).  

Ciliate protozoa are able to degrade and ferment a wide range of substrates. They ingest 

feed particles and attack all of the major plant constituents. Rumen protozoa act in three 

ways in the digestion of cell wall components. Firstly, they participate directly in 

digestion, especially during the first few hours by increasing the rate of degradation of 

fractions which are the most resistant to bacterial attack. Secondly, they can increase the 

mean retention time of feeds in the rumen, which increases the time of contact between 

substrate and micro-organisms; and finally, protozoa can stabilise the physico-chemical 

conditions in the rumen. This favours development of the cellulolytic flora whose action 

is complementary to protozoa (Nolan et al. 1988). 



16 

 

Protozoa are more susceptible to modification than bacterial populations, with protozoa 

being able to be completely eradicated from the rumen. Defaunation (i.e. removal of 

protozoa from the rumen) has a number of effects; the concentration of propionic acid in 

the ruminal fluid increases, NH3-N concentration decreases, methanogenesis is reduced, 

bacteria and fungi numbers increase, and in some diets, such as high roughage diets, the 

feed conversion efficiency increases (Kamra 2005). In terms of animal production, 

defaunation has been shown to increase LW gain in sheep and cattle, as well as increase 

wool growth, presumably due to more sulphur amino acids (arising from microbial 

protein) being absorbed in the small intestines (Bird and Leng 1984). 

Several authors (Santra and Karim 2001; Sales et al. 2012) have found higher numbers 

of ciliate protozoa in the rumen of goats compared to sheep; however, Nour et al. 

(1979) found a higher number of protozoa in sheep than goats, when fed diets in which 

cottonseed cake was substituted with urea.  

Protozoa produce butyric acid as a major product of carbohydrate fermentation and a 

large population in the rumen has been associated with high butyric acid fermentation 

patterns (Hungate 1966). Defaunation has sometimes increased total VFA concentration 

in sheep (Santra and Karim 2002; Santra et al. 2007) but Hegarty et al. (2008) found 

total VFA concentration was lower and the proportion of propionic acid was reduced in 

protozoa-free lambs born from defaunated ewes. 

2.2.1.4 Fungi 

At any time of the day the number of fungi found in the rumen is relatively low (103-

106/mL of ruminal contents), although there is a detectable increase in numbers after 

feeding in animals fed once daily (Nolan et al. 1988). In the past, rumen fungal 

populations were difficult to enumerate, largely due to their dual life stages. However, 

development of an aerobic real-time polymerase chain reaction (PCR) assay has enabled 

total anaerobic fungal populations within the rumen to be monitored rapidly and 

accurately (Denman and McSweeney 2006).  

Plant material entering the rumen is rapidly colonised by flagellated zoospores which 

attach to the food and produce hyphae. These hyphae grow and penetrate deeply into the 

plant tissues. This growing fungus develops an extensive rhizoid for anchorage and 

supply of nutrients, and then later produces a sporangium. The rupture of this 

sporangium produces zoospores which complete the developmental cycle (Bauchop 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4852247/#b20-ajas-29-6-807
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4852247/#b21-ajas-29-6-807
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4852247/#b8-ajas-29-6-807
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1981). As a consequence of the penetration of fungi through the plant particles this 

weakens the structures and promotes more rapid reduction of particle size and greater 

access for other microorganisms (Leng 2014). 

Rumen fungi produce cellulases, hemicellulases, proteases, amylases, feruloyl and p-

coumaryl esterases, various disaccharidases, pectinases and exonucleases (Nagpal et al. 

2009), which enable the fungi to penetrate the cuticle and plant cell walls (Akin and 

Borneman 1990) and access fermentation substrates that are not available to the rumen 

bacteria. Where fungi has been eliminated from the rumen, this has resulted in 

significant reductions in the degradation of DM, NDF and ADF (Gao et al. 2013), as 

well as reduction in gas production (Kamra 2005).  

Six genera of rumen fungi have been described, the polycentric Orpinomyces, 

Anaeromyces and Cyllamyces and the monocentric Neocallimastix, Piromyces and 

Caecomyces. Polycentric fungi produce a very extensive branched rhizoid which 

develops multiple sporangia at various intervals along the rhizoid (Davies et al. 1993), 

whereas monocentric fungi have zoospores that produce only single sporangium (Heath 

et al. 1983; Ho and Barr 1995).  

The occurrence of the different types of fungi is dependent upon host and diet. The fibre 

or lignocelluloses content of the diet is a critical factor in determining the population of 

fungi in the rumen. Few anaerobic fungi were found in animals fed lush pasture 

compared with the same pasture when it was mature (Bauchop 1989). Kostyukovsky et 

al. (1991) found that fungal counts in the rumen of cattle increased when a greater 

proportion of hay was fed. With the addition of grain to the diet (which increases the 

energy density and availability of carbohydrates) lower populations of anaerobic fungi 

may be found in the rumen (Gordon 1985); however, Atkin and Windham (1989) found 

that the addition of maize to a sorghum silage diet increased the populations of fungi in 

the rumen.  

2.2.1.5 Viruses 

Ruminal viruses (also known as bacteriophages) have been identified in the rumen of 

cattle and sheep. However, little is known about their infectious cycles, their general 

biology or their effect on the ecosystem within the rumen (Klieve and Swain 1993). 

Around 26 types of bacteriophages have been identified all of which are part of three 

morphological groups: Myoviridae, Siphoviridae and Podoviridae. Bacteriophage 
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activity can vary between individual animals and groups of animals, but large numbers 

of bacteriophages have been found within ruminal fluid (Klieve et al. 1996).  

It is not known whether the presence of bacteriophages in the rumen is disadvantageous 

or advantageous. Bacteriophages lyse their bacterial host within the rumen, thus there 

must be a factor involved in protein recycling. This would reduce the efficiency of feed 

utilisation and therefore, would have a negative effect on the animal. However, it is also 

possible that bacteriophages maintain the diversity and balance of bacterial populations, 

which would have a positive effect. Bacteriophages may also play a role in recycling 

limiting nutrients in the rumen (Swain et al. 1996). 

2.3 End-Products of Microbial Fermentation 

The major end products of microbial fermentation in the rumen are VFA, CO2 and 

methane (CH4). The adenosine triphosphate (ATP) produced by conversions of feed to 

VFA and intermediary compounds used in cell growth are the main source of ME to the 

host and for the growth of microorganisms (Baldwin and Allison 1983; Preston and 

Leng 1987; Owens and Goetsch 1988; Beuvink and Spoelstra 1992; Leng 1992; Eun et 

al. 2004; Mamuad et al. 2014). 

2.3.1 Volatile fatty acids 

Volatile fatty acids, also known as short chain fatty acids, are produced in the rumen by 

the (microbial) fermentation of OM. Dietary carbohydrates such as cellulose, 

hemicellulose, pectin, starch and soluble sugars are the main fermentation substrates, 

although dietary proteins and lipids also give rise to VFA in the rumen. The 

contribution of dietary lipids to total VFA production is very small, as not only do lipids 

normally represent only a small proportion of the diet, but only the carbohydrate moiety 

(glycerol and galactose) arising from lipid hydrolysis is fermented. The contribution of 

dietary protein to total VFA production will vary depending on the rumen degradability 

of the protein; rumen-degradable protein (RDP) may give rise to significant amounts of 

VFA (France and Dijkstra 2005). 

The major pathways of carbohydrate metabolism in the rumen that give rise to VFA are 

shown in Figure 2.1. The predominant VFA in ruminal fluid are acetic, propionic and 

butyric acids, with iso-butyric, valeric, iso-valeric, hexanoic and heptanoic acids 

generally found in relatively small amounts (Dijkstra 1994). The majority of VFA 
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produced in the rumen are absorbed through the rumen wall, although a proportion (10-

20% in sheep and 35% in dairy cattle) passes into the omasum and abomasum where 

they are absorbed (Dijkstra et al. 2005).  

 

Figure 2.1 Schematic representation of the major pathways of carbohydrate metabolism in the 

rumen (France and Dijkstra 2005, p. 158). 

Acetic, propionic and butyric acids can all be used to generate ATP in the intermediary 

metabolism. However, unlike acetic and butyric acids, propionic acid can be used as a 

precursor for the synthesis of glucose (and thus is considered a glucogenic VFA). This 

is important because, for a wide variety of diets and intake levels there can be little, if 

any net glucose absorption. Dijkstra (1994) found that propionic acid made a major 

contribution (46-73%) to hepatic gluconeogenesis in non-fasting cattle. Acetic and 

butyric acids are non-glucogenic VFA but still pay important roles within the ruminant. 

Increases in the supply of acetic acid increases milk yield and milk fat content while 

increases in butyric acid also has a positive impact on milk fat content. In contrast, 

increases in propionic acid supply has a negative impact on milk fat content but a 

positive impact on milk protein content (Thomas and Martin 1988). These results are 

due to the glucogenic or ketogenic nature of the individual VFA and the repartitioning 

effects of the VFA through hormonal changes (Dijkstra 1994). 
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The concentration and molar proportions of VFA are relative to the nature of the feed 

(Bergman 1990) and are a reflection of the balance of rate of production and rate of loss 

(France and Dijkastra 2005).  The major factors that affect VFA concentrations and 

molar proportions include diet, time of feeding and the composition of the rumen 

microbial population. Animals fed roughage based diets have higher acetic and lower 

propionic acid concentrations compared to animals fed concentrate diets (Moe and 

Tyrell 1979; Hegarty and Gerdes 1999; Knapp et al. 2014; Zhou et al. 2015). Typical 

proportions of the major VFA for roughage versus concentrate diets are shown in Table 

2.2  

Table 2.2 Typical molar proportions of volatile fatty acids for roughage vs concentrate diets 
(adapted from Reid et al. 1957; Leng and Brett 1966; Judson et al. 1967). 

Volatile fatty acid Molar proportions (%) 

Roughage diet Concentrated based diet 

Acetic 68 52 

Propionic 18 39 

Butyric 8.5 7 

Other 5.5 2 

Rumen fermentation patterns may differ between animal species. In a study conducted 

in East Africa on the rumen fermentation and food selection of sheep, goats, Thomson’s 

gazelles, Grant’s gazelle and impala, Hoppe et al. (1977) found ruminal NH3-N and 

VFA concentrations of sheep and goats were lower than those of the other species. It 

was concluded that there were large differences in the pattern of rumen fermentation 

between wild and domestic mixed-feeding ruminants which reflected their respective 

feed preferences.  

Time after feeding affects VFA concentrations and molar proportions. Following 

feeding, there is a rise in VFA (and NH3-N) concentrations and a fall in pH, which in 

turn is followed by a slow recovery to original conditions (Van Soest 1987; Schulze et 

al. 2016). Early research by Reid et al. (1957) showed that the proportion of propionic 

acid increased after feeding and reached a peak which coincided with the maximum 

concentration of total VFA. The proportion of butyric acid was variable, increasing in 

diets containing maize, and decreasing in diets containing lucerne chaff. With these 

diets the proportion of acetic acid always declined after feeding.   
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The composition of the rumen microbial population can also affect the molar 

proportions of VFA. Elliott et al. (1987) found that elimination of rumen anaerobic 

fungi from sheep fed chemically-treated barley straw diets resulted in elevated 

proportions of propionic acid (from ca. 0·15 to 0·30). Subsequent inoculation of these 

sheep with a pure culture of fungus decreased propionic acid concentrations within 3 d 

to the concentrations observed in control animals that possessed abundant fungal 

populations throughout the experiment. Lu et al. (2005) found that a high fibre diet 

favoured the growth of cellulolytic microbes as a result of increased substrate supply 

and an increase in salivation. This subsequently resulted in increased production of 

acetic and butyric acids.  

The concentrations and molar proportions of VFA vary depending on the type of diet 

fed and this impacts directly on animal production. For example, feeding of a 

concentrate diet yields higher proportions of propionic acid while a forage diet yields 

more acetic, butyric and iso-butyric acids (McAllan et al. 1994; Lu et al. 2005).  Acetic 

acid is a precursor for milk fat, while propionic acid is mainly utilised in the 

biosynthesis of glucose, deposition of body fat and milk yield in ruminants. Thus 

feeding a high forage diet to dairy cows would yield higher milk fat, but feeding a 

concentrate diet would result in increased milk production (McAllan et al. 1994) as a 

consequence of increased glucose synthesis.  

Feed processing can also impact on VFA molar proportions. Feeding forage with longer 

particle size has been shown to increase rumen pH and the ratio of acetic acid to 

propionic acid in dairy goats (Lu 1987) and dairy cows (Alamouti et al. 2014).  

2.3.2 Methane 

Ruminants with high feed efficiencies produce less CH4 than those with low feed 

efficiency (feed intake per unit of product, e.g. kg DMI/kg weight gain). Decreasing 

CH4 production can represent an improvement in feed efficiency. Dietary modifications 

can help mitigate CH4 emissions by decreasing the fermentation of OM in the rumen, 

shifting the site of digestion from the rumen to the intestines, and diverting H away 

from CH4 production during ruminal fermentation (McGinn et al. 2004). 

Molar proportions of VFA influence the production of CH4 in the rumen. Acetic and 

butyric acids (roughage-based diets) promote CH4 production, while propionic acid is a 
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competitor for H use in the rumen and thus diets which favour propionic acid 

production such as starch/grained based diets decrease CH4 production (Moss et al. 

2000). Van Nevel and Demeyer (1977) found that when CH4 production decreased, 

propionic acid concentrations also decreased, due to inhibition of methanogens. 

2.3.3 Microbial protein synthesis 

Microbial protein synthesised in the rumen contributes to a significant proportion (0.42 

to 0.93) of the total protein flux entering the small intestine (Shingfield and Offer 1999). 

The availability of microbial protein to the animal is affected by the turnover and lysis 

of bacteria, the predation on bacteria by protozoa, and the digestibility of microbial OM 

in the intestines (Thomas 1973; Russel et al. 1992). Increasing microbial protein 

synthesis increases the supply of protein to the small intestine and decreases NH3-N 

concentration in the rumen. The rate of microbial protein synthesis depends largely on 

the composition of the rumen microbial population and the growth and turnover of that 

population (Hespell and Bryant 1979). The composition of the microbial population will 

vary depending on the rumen environment and substrate supply, which is influenced by 

both diet and feed intake.  

A strong correlation exists between DMI and microbial growth; as DMI increases, 

microbial protein synthesis also increases (Djouvinov and Todorov 1994); although, 

there is an absolute limit to microbial protein synthesis (Leng 1990).  However, with 

increasing DMI the percentage of OM digested in the rumen decreases (Stern and 

Hoover 1979; Djouvinov and Todorov 1994), although increasing the level of starch in 

the diet has been shown to increase the amount of OM digested (Nocek and Tamminga 

1991; Stern et al. 1994), resulting in a subsequent increase in microbial yields 

(Reynolds 2006). Whilst microbial yields may be improved, the increase in starch can 

result in an increase in rumen pH, which in turn decreases the extent of fibre digestion 

in the rumen and decreases the efficiency of microbial protein synthesis due to the 

energy-spilling (energy dissipated as heat when ATP exceeds the need for growth or 

maintenance) of the reaction (Firkins 1996). 

Ammonia is the primary N source for rumen bacterial growth (Nolan and Leng 1972) 

with some 82% of bacteria isolated from the rumen using NH3-N as their principal 

source of N (Bryant 1973). The optimum ruminal NH3-N concentration for microbial 

growth is generally considered to be 50-80 mg/L (Satter and Slyter 1974), although 
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Boucher et al. (2007) microbial protein synthesis was maximised at an average ruminal 

ammonia N concentration of 128 mg/L. 

Ammonia is derived mainly from endogenous and exogenous urea or other non-protein-

N sources or from microbial catabolism of amino acids and peptides (Nolan and Leng 

1972). The extent of recycling of N, which occurs as the result of endogenous urea 

being added to the rumen either in saliva or across the rumen wall, impacts on the 

growth of the microbial population and subsequent microbial protein synthesis 

(Sarraseca et al. 1998). Proteins which have lower rates of ruminal degradation tend to 

improve microbial protein synthesis due to the capture of N by rumen microbes 

(Richardson et al. 2003). Microbial protein synthesis may be greater for diets containing 

saponins and tannins; as whilst there may be a reduction in ruminal N degradability 

there may be increased N recycling to the rumen (Śliwiński et al. 2002). 

Microbial protein synthesis can occur in the rumen on diets in which urea is the only N 

source; however, microbial growth may be limited by a deficiency of preformed amino 

acids (Thomas 1973).  

Both the extent and efficiency of microbial protein synthesis are affected by the supply 

and availability of S. Hume and Bird (1970) found microbial protein production 

increased from 82 g/d to 94 g/d when the S intake of sheep was increased from 0.6 g/d 

to 2.0 g/d.  Phosphorus supply also affects microbial growth due to its involvement in 

the synthesis of ATP and protein, which become limited by insufficient supply (Bravo 

et al. 2003; Harder et al. 2015). 

The efficiency of microbial protein synthesis is lower for diets containing high levels of 

concentrates than for forage based diets (Cantalapiedra-Hijar et al. 2009). When feeding 

soluble sugars and starches, as compared to feeding structural carbohydrates, microbial 

growth is high up to 2 h post-feeding but decreases substantially 4 h post-feeding. This 

is because soluble sugars and starch provide higher amounts of ATP than structural 

carbohydrates. Cellulose and carbohydrates are degraded slower than soluble sugars and 

starch, allowing for a longer period of ATP production, and thus providing microbial 

growth for longer (Atkinson et al. 2010). Feeding a mixture of forage and concentrate 

not only results in greater ATP production for microbial growth but extends the period 

of availability of ATP for microbial growth post- feeding. 
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Rumen pH also plays an important role in microbial protein synthesis. Low pH levels in 

the rumen are deleterious to rumen microbes, and protozoa are especially sensitive. Low 

pH reduces the digestibility of the fibrous plant tissue and thus ultimately has a negative 

effect on microbial protein synthesis (Trevskis et al. 2001). 

The availability of macronutrients also plays a major role in microbial protein synthesis. 

Calcium, P, S, K, Na, Cl and Mg, may all limit microbial protein synthesis if they are 

inadequately available. For example, microbial protein synthesis requires a continuous 

supply of P for nucleic acid formation and S for the synthesis of S-containing amino 

acids (Kandylis 1984).  

The yield of microbial protein is influenced by the size of the protozoal population, as 

protozoa are active protein degraders (Firkins 1996). Because protozoa actively predate 

(ruminal) bacteria then this effectively limits microbial (bacterial) protein synthesis. 

When protozoa are removed from the rumen (defaunation) or there is a significant 

decline in the size of the population, this results in an increase in ruminal bacterial 

numbers. It was found in cattle and sheep (Bird and Leng 1984; Eugene et al. 2004) 

with initially large populations of protozoa that defaunation resulted in significant 

increases in liveweight (LW) gain, wool production, milk production, as well as 

improved feed conversion ratio and increased birthweight in lambs. When the rumen is 

defaunated there is an increase in the rate of flow of microbial protein in the animal, and 

thus it allows an increase in the efficiency of microbial protein synthesis (Nolan 1989). 

Optimisation of microbial protein synthesis should increase the efficiency of N 

utilisation and reduce N urinary excretion in the ruminant. Forage and concentrates 

differ in their rates and extents of ruminal digestion, therefore their ability to support 

microbial protein synthesis in the rumen usually differs. For example, Ramos et al. 

(2009) found that increasing the proportion of concentrate from 30 to 70% with grass 

hay forage resulted in improved digestibility, N retention and microbial protein 

synthesis.  

2.4 Digestive Efficiency 

Differences in digestion are dependent upon species, breed and type of diet fed. These 

differences are more pronounced between breeds adapted to different environmental and 

feeding conditions. This is because changes in digestive ability would have evolved in 
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response to the adaptation to marginal situations (Lopez et al. 2001). Although Merino 

and Dorper sheep have evolved from similar environments, and the Dorper is known to 

perform well under sub-optimal conditions (Cloete et al. 2000), there is currently no 

research that has compared the effect of environmental factors, such as temperature and 

humidity, between these two breeds. 

Differences in digestive efficiency have been found between cattle types. Bos indicus 

ferment N more readily than B. taurus (Hunter and Siebert 1985; Hennessy et al. 1995). 

This is believed to be due to a greater quantity of urea transferred to the gastrointestinal 

tract and also due to their greater rumen protozoal populations. Greater protozoal 

populations may increase microbial lysis in the rumen. Greater efficiency of energy 

capture by B. indicus cattle has been attributed to greater synthesis of long chain fatty 

acids in the rumen, due to an increase in rumen protozoa populations. However, no 

differences have been found in the total concentrations and proportions of VFA or CH4 

production between these two types of cattle (Hegarty 2004). 

It has been hypothesised that the differences in digestive efficiency between breeds of 

cattle is related to the different abilities of the breeds to remove OM from the rumen 

(Frisch and Vercoe 1977). Hunter and Siebert (1985) examined differences in digestion 

between Brahman (B. indicus) and Hereford (B. taurus) cattle and found that when fed 

diets low in N and S, digestive efficiency was higher in Brahmans due to their ability to 

supply the endogenous nutrients to the rumen microorganisms.  Nitrogen was found to 

be a limiting factor for digestion and S was also thought to be adding to the effect. 

Alkman et al. (2007) found differences in digestive efficiency between different breeds 

of dairy cattle, with Jersey cows having a higher digestibility of dietary components 

compared to Holstein cows. The differences were attributed to the smaller but more 

frequent feed intakes of the Jersey cows and differences in rumination behaviour.  

Differences in feed intake and digestive efficiency have also been reported in small 

ruminants. Silva et al. (2004; 2007) compared hair and wool sheep and found that the 

net protein requirements for BW gain for hair sheep were higher than those of wool 

lambs. Hair sheep were also shown to have a higher nutrient consumption and 

utilisation efficiency than wool sheep. It was suggested this was due to hair sheep 

having a more developed caecum and colon than wool sheep at a similar age, thus 

resulting in a greater ability to ingest fibrous material and other nutrients.  
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There have been numerous studies undertaken on the adaptation of ruminants, 

particularly goats, to harsh environments and the factors which influence their success. 

Silanikove (2000) found goats have the ability to reduce metabolism, enabling them to 

survive with prolonged periods of reduced food availability. Whilst smaller ruminants 

usually need more energy compared to larger ruminants, the energy requirements of 

goats are lower than predicted for their mass. Goats are also able to digest highly 

lignified diets. Their rumen remains spacious which allows longer retention time 

without negatively affecting feed intake. Rumen pH is maintained and efficient use of N 

and S allows maximal ruminal fermentation in many conditions (Silanikove 1996). 

Goats increase their DMI when fed low quality, high fibre diets. This is associated with 

increased rate of passage and lower digestibility. In contrast, sheep fed low quality diets 

decrease their DMI; however, they will compensate this with a slower ruminal turnover 

and increased digestion (Quick and Dehority 1986). 

Hart et al. (1993) reported Angora goats appear to be more sensitive to inanition as 

compared to Alpine or Nubian breeds. They have higher protein and energy 

requirements, presumably due to fibre production and, therefore are less able to adapt to 

nutritional stress as compared to Alpine or Nubian goats. They tended to have lower 

ruminal NH3-N and total VFA concentrations. 

The Dorper is a fat-tailed, non-wool sheep that performs well under sub-optimal 

conditions. They are considered to have many similarities to goats, being able to 

withstand short-term dehydration, which enables them to adapt to drier regions. In sub-

optimal environments, Dorper sheep were found to be capable of producing and raising 

young each year, with their lambs able to gain 240-280 g/d (Cloete et al. 2000). 

Brand (2000) reported Dorpers appeared to be less selective grazers and walk less 

distance when grazing compared to Merinos. They also selected more shrubs than 

grasses when allowed the choice whereas Merino sheep tended to select more grasses 

than the (potentially) lower quality shrubs. Merinos also consumed more herbage per 

metabolic size than the Dorpers, suggesting that Merinos have lower digestive 

efficiency; however, comparative studies on the digestive efficiencies of these and other 

breeds of sheep fed diets of varying quality are lacking.  

Wilkes et al. (2012) found fat-tailed Damara sheep were able to employ different 

mechanisms to exploit low-quality and high-quality feeds, thereby maximising the 
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energy available from digestion. On a low-quality diet the Damara consumed a similar 

amount of feed as the Merinos, but obtained 10% more apparent digestible energy. On 

the high quality diet, the Damara had a similar digestibility as Merinos, but had a 

greater voluntary intake. 

Little research has been carried out on potential differences in digestive efficiency 

between Merino and Dorper sheep, although there have been several studies on diet 

selection (du Toit 1998; Brand 2000) and the efficiency of production of different 

breeds of sheep fed on similar diets (Quick and Dehority 1986). Whilst differences have 

been found in feed intake and digestive efficiency between sheep and goats, little 

research has been undertaken to determine if such differences exist between different 

breeds and types of small ruminants, including Merino and Dorper sheep.  

2.4 Energy Metabolism and Feed Efficiency in Ruminants  

Due to efficient degradation of dietary carbohydrates by ruminal microbes, insufficient 

dietary glucose may be absorbed from the small intestines to meet the demands of the 

host animals. The supply of glucogenic precursors (including propionic acid) and the 

rate of glucose synthesis may be limiting factors in the overall productivity of animals. 

The efficiency of ME utilisation, for growth and fattening, is dependent therefore upon 

the relative VFA proportions produced in the rumen (van der Walt and Linington 1989; 

Bergman 1990).  

Acetic acid, as the principal substrate of lipogenesis, along with butyric acid, contribute 

to the energy supply of the animal via the tricarboxylic acid cycle.  Propionic acid is one 

of the major gluconeogenic precursors in the ruminant, with approximately 50-60% of 

glucose produced from propionic acid, whilst the rest is produced from amino acids 

(Bergman et al. 1966). Thus, propionic acid has a major impact on an animal’s energy 

supply. Ørskov (1979) reported that the balance between the supply of propionic acid 

relative to that of acetic and butyric acids influences the efficiency of VFA utilisation 

for productive purposes. However, van Houtert (1993), in reviewing the production and 

metabolism of VFA by ruminants fed roughages, concluded that under practical 

circumstances the ratio of acetic acid to propionic acid absorbed has little impact on the 

energy efficiency of ruminant production 
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2.4.1 Animal factors 

Body composition may influence feed and energy efficiency of an animal. Studies in 

ruminants have shown that animals with a larger protein mass typically display higher 

energy requirements for maintenance (Herd and Bishop 2000). Reid and Robb (1971) 

found digestibility of energy may be depressed in fat ruminants at a lower intake of feed 

than in a thin animal. 

The level of nutrition not only affects the growth and the composition of the animal, it is 

also important to the sensitivity of the visceral organs to nutrient supply. For example, 

increasing feed intake will increase the level of energy metabolised in the liver 

(Hocquette et al. 2001). Hegarty et al. (1999) demonstrated that in lambs, both growth 

of the whole animal and the respective fat and lean tissue depots differed in animals 

which had undergone nutritional restriction. The previously restricted animals grew 

faster, but deposited more carcass tissue, thereby implying that they were more efficient 

and the partial efficiency of energy use for protein deposition had been altered by 

nutritional history. 

Activity can contribute significantly to the amount of energy consumed by an animal 

and thus affect feed efficiency. An increase in the activity of an animal can increase the 

heat production, therefore making it an important source of variation between animals 

(van Milgen and Noblet 2003).  

Temperament is defined as the animal’s response to handling by humans (Burrow 1997) 

and is affected by various factors such as breed, sex and age (Voisinet et al. 1997; 

Blanco et al. 2009). A nervous or excitable temperament has been found to have a 

negative impact on the production of the animal, including  growth rate (Voisinet et al. 

1997), milk yield (Pajor et al. 2010), and meat quality (King et al. 2006). Temperament 

is associated with cortisol concentration in adult animals. Sheep that are restless and/or 

nervous have been found to have higher cortisol concentrations, which is usually 

induced by a stressor (Pajor et al. 2010). It is through the hypothalamic-pituitary-

adrenal (HPA) axis that cortisol concentration is regulated, thus if an animal has a 

higher cortisol concentration (which was induced by a stressor), the biological response 

to the stressor in the animal includes alterations in the neuroendocrine, nervous and 

immune systems and can also affects the animal’s behaviour (Pajor et al. 2010;13). The 

responsiveness to stress (Knott et al. 2008; 2010) has also been linked to feed efficiency 
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due to its impact on metabolic rate and, consequently, on the requirements of energy for 

maintenance. There is only limited information on differences in responsiveness to 

stress between different breeds (Forbes et al. 1998; Ponnampalam et al. 2012), with no 

information available on differences between Merino and Dorper sheep in particular.  

The ability to regulate temperature is an evolutionary adaptation that allows 

homeotherms to function in spite of variations of ambient temperature. This ability 

allows the animal to use temperature as a way to control physiological processes 

(Silanikove 2000). In cold environmental conditions ruminants show a marked decrease 

in production due to hormonal and metabolic changes which increase the maintenance 

requirements of the animal (Young 1981). For example, when exposed to cold 

conditions the passage rate of digesta increases, which leads to reduced digestive 

efficiency (Delfino and Mathison 1999). Heat stress also has a major impact on energy 

metabolism. Where there is an increase in heat, feed intake is reduced and consequently 

intake of essential nutrients and ME are decreased. Increased respiration rate and water 

intake also have an effect as it influences gut fill, which subsequentlyreduces the rate of 

rumen contractions and thus passage rate is decreased. This in turn influences the 

production of VFA in the rumen (Collier et al. 1982). West (2003) found that when 

lactating cows underwent heat stress, there was a decrease in the concentrations of 

propionic and acetic acids. It was also found that it could influence metabolic ketosis as 

energy input would not satisfy energy needs, thus accelerating the catabolism of body 

fat. 

2.4.2 Cellular factors 

Protein synthesis and turnover are energetically expensive processes due to the 

relationship between the energy required to deposit protein, the amount of energy 

retained in protein and the energy required for proteolysis (Summers et al. 1988). Level 

of nutrition is of particular importance in determining the rate of protein synthesis and 

thus the efficiency of protein deposition (Garlick et al. 2002). This is due to the actions 

of insulin and the balance of absorbed amino acids and of the energy yielding substrates 

including VFA, glucose and lipids.  

Adipose tissue is deemed an endocrine organ capable of synthesising a number of 

adipokines that impact on various physiological systems, including metabolic, 

reproductive and immune functions (Henry and Clarke 2008). Adipose tissue is 
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important in not only determining the composition of gain in growing production 

animals, it is also important in providing energy for milk yield, and plays an important 

role in regulation of energy balance (Baldwin et al. 1980). Although adipose tissue 

contributes less than protein in whole body energy expenditure, it is important due to 

the energy retained in tissues and the energy required to deposit varying ratios of fat and 

protein. 

Metabolic regulation is necessary to maintain blood glucose concentrations in the 

normal range in resting animals and to provide extra glucose when needed. When 

glucose supply is limited and the rate of gluconeogenesis does not meet glucose 

requirements, alternative sources of energy are needed. For example, body stores are 

mobilised for use in glucose synthesis and oxidation to spare glucose when energy 

intake is low. When energy intake exceeds requirements, the excess fuel is stored and is 

reflected in body gain (Lindsay and Setchell 1976). 

Insulin is one of the major regulators of glucose homeostasis (Sasaki 2002) and appears 

to be the major hormonal regulator of metabolism on the moment-to-moment basis. It 

inhibits hepatic glucogenesis directly by reducing hepatic uptake of some glucose 

precursors and indirectly by directing the flow of glucogenic nutrients to muscle and 

adipose tissue. High insulin concentrations promote protein and lipid synthesis, which 

increases body gain. When insulin concentrations are low, nutrients move from the 

peripheral stores of the liver, where they may be used at a greater rate for glucose 

synthesis (Brockman and Laarveld 1986). 

2.5 Conclusion  

As highlighted, there are many factors that contribute to differences in diet selection and 

utilisation and feed efficiency between different ruminant species, and to some extent 

different breeds of sheep, goats and cattle. However, little research has been undertaken 

to determine if such differences exist between Merino and Dorper sheep and this is the 

focus of the research presented in this thesis.  
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CHAPTER 3: GENERAL MATERIALS AND METHODS 

3.1 Location 

All experiments were conducted in the Wagga Wagga area of New South Wales. The 

climate of Wagga Wagga is typically Mediterranean, with hot dry summers and 

moderately cold winters, with average maximum temperature of 22.1º C and average 

minimum temperature of 9.0ºC. The average rainfall is 570 mm per annum, which is 

spread relatively evenly throughout the year, although rainfall is slightly lower in the 

summer (Bureau of Meteorology 2015). 

In this chapter methods common to more than one experiment outlined in the following 

chapters are described. This includes details on the experiment site, the experimental 

designs and common protocols and procedures.  

3.2 Grazing Trials 

The grazing trials were conducted on the Department of Primary Industries Institute 

Farm (35.05°S, 147.35°E; elevation 219 m). The ewe grazing trials (Chapters 4 and 6) 

were conducted over 2 years. During all of the grazing trials the animals had ad libitum 

access to pasture and fresh, clean water. 

3.2.1 Food on-offer 

Food on-offer (FOO) (kg DM/ha) was measured on a weekly basis using a method 

similar to that of Haydock and Shaw (1975). Calibration cuts (representations of FOO) 

were taken across the grazing plots using a 0.25 m2 (70 cm x 35 cm) quadrant and then 

50 visual assessments were taken per plot by walking an “X” shape transect through 

each plot. For each assessment of FOO, the quadrant was placed across four rows of the 

sown pasture. Calibration samples were cut at ground level using hand shears.  

3.2.2 Live weight and body condition score 

The unfasted, LW of animals was measured to one decimal place using an electronic 

scale (Ruddweigh 600®), which was calibrated with a known weight prior to weighing 

animals and between weighing of animals located at different plots. The animals were 

weighed in the morning, at approximately the same time during each weighing period.  
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Body condition score (BCS) is an assessment of the amount of adipose tissue and 

muscle on the animal based on the ‘feel’ of the short loin and the backbone (Jefferies 

1961), and was assessed while the animals were restrained in the weigh scales. A 

scoring system of 1 to 5 was used, with 1 representing an animal in poor condition and 

5 representing an animal in over-fat condition. Measurements were taken by one 

operator to minimise user variation.  

3.2.3 Sample collection 

3.2.1.1 Pasture samples 

Prior to grazing, the same day of collection of the ruminal fluid samples and 

immediately following cessation of the grazing period, herbage samples were collected 

from each of the grazed plots. A small amount of pasture (around 25 g DM) was 

plucked with the fore finger and thumb and contained young green leafy material 

whenever available. A sample was collected every seven strides in a diagonal fashion 

across the length of the plot. This was to simulate the grazing patterns of the animal and 

provide a sample representative of the pasture available to the animal at a given time 

(Langlands 1974). The samples were oven dried (Labec Oven; Laboratory Equipment 

Pty Ltd) at 80oC for 48 h to determine the DM content. Once dried, the forage samples 

were ground firstly through a 5 mm sieve followed by a 1 mm sieve. The samples were 

then placed in plastic storage containers at room temperature pending chemical analysis. 

3.2.1.2 Faecal samples 

Faecal samples were collected from animals immediately prior to their introduction to 

the grazing plots, the same day of collection of ruminal fluid samples and immediately 

following cessation of the grazing period. Fresh faecal grab samples were collected 

during the experimental period from the same four sheep of each breed grazing on each 

plot. The faecal samples were taken by inserting two gloved fingers, lubricated with 

water, into the rectum of the restrained animal to remove any faeces. A fresh glove was 

used for each animal. The faeces were placed in zip-lock bags, and kept on ice until 

storing at -20°C. Prior to analysis, all of the samples for each animal were bulked and 

dried in a fan forced oven (Labec Oven; Laboratory Equipment Pty Ltd) at 60°C for 48 

h. The dried samples were then ground using a coffee grinder for approximately 2-3 min 

until a fine powder was achieved, and stored in screw top jars at room temperature 

(20°C) until analysis of n-alkanes concentrations. 
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3.2.3.3 Ruminal fluid samples 

During each of the grazing trials (Chapters 4 and 6) ruminal fluid samples (50 mL) were 

collected (from a representative number of animals, which were the same throughout 

experimental period) using a stomach tube, which was passed through the mouth and 

down the oesophagus in to the rumen. If the sample was contaminanted with saliva, the 

sample was discarded and another was taken. If the second sample was also 

contaminated, the sample was kept, but the value was not included in the analysis for 

ruminal fluid pH (Packer et al. 2011). 

3.3 Animal House Studies 

The animal house studies for the determination of nutrient digestibility and rumen 

parameters (Chapters 5 and 7) were conducted at the NSW Department of Primary 

Industries (NSW DPI) nutrition facility (35o2’S, 147o19’E). The use and care of animals 

was approved by the Charles Sturt University (CSU) Animal Care and Ethics 

Committee (Protocol number: 12/036 for the experiment reported in Chapter 5 and 

14/009 for the experiments reported in Chapters 7 and 8).  

The experimental period generally comprised a total of 24 d with a preliminary 10 d 

dietary and housing adaptation period during which the sheep were housed in individual 

pens, followed by 7 d collection period, during which the sheep were housed in 

metabolism crates, which were fitted with appropriate faeces and urine collection 

facilities. For the final 7 d, the animals were returned to their individual pens. 

The animals were fed at production (above maintenance) level equivalent to 2% 

(Chapter 5) or 3% (Chapter 7) of their LW. The daily feed allocation was fed at 0900 

following the collection and weighing of feed refusals to determine daily feed intake. 

The animals had ad libitum access to fresh, clean water. 

3.3.1 Sample collection 

Representative samples of 200 g of the experimental diets, as well as the daily feed 

refusals were taken for subsequent analysis of nutrient content. 

Each day when the animals were housed in the metabolism crates and prior to feeding, 

the amount of faeces and urine voided was recorded. Urine was collected into a 
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container with 100 mL of 10% H2SO4. A 10% subsample was taken and stored in a 

labelled, plastic, screw-top 250 mL bottle at -18°C for subsequent chemical analysis. 

Representative sub samples (15%) of faeces were taken each day and stored at -18°C 

for subsequent chemical analysis.  

When the pen-feeding experiment involved non-fistulated animals (Chapter 5), a 

ruminal fluid sample (50 mL) was collected from each animal during the last week of 

the feeding trial. A brass sampling ‘bolus’ with fine holes and a smooth surface was 

used for the collection of the ruminal fluid. The device was found to pass down the 

oesophagus easily and quickly. This design effectively blocks the end of the sampling 

tube and prevents entry of fluid until negative pressure is applied once the weighted 

sampling ‘bolus’ is immersed in the ruminal fluid. The ruminal fluid samples were 

collected 3 h after the morning feeding. 

When the pen-feeding experiment involved rumen-fistulated animals (Chapter 7), 

ruminal fluid samples were obtained by suction using a probe which consisted of a 

metal frame (5 cm x 1 cm x 1 cm) covered with a double layer of nylon stocking 

material. The probe was attached to a curved, stainless steel metal tube (about 25 cm 

long). The probe was place in a caudal position in the ventral sac of the rumen and held 

in this position by its tight fit through the rubber stopper in the cannula. Ruminal fluid 

samples were collected approximately every 3 h (time recorded) for a 24 h period, with 

the first sample being taken just prior to the morning feed.  

Ruminal fluid pH was assessed immediately after collection using an electronic pH 

meter (Activon model 210; Probe TPS serial number 1204-097217). The pH meter was 

calibrated prior to each new sample using buffer solutions of pH 7 and 4. 

The remaining ruminal fluid sample was centrifuged as soon as practicable after 

collection (within 2 h) at 3000 rpm for 10 min and then processed for subsequent 

analysis of VFA concentrations and proportions (see 3.3.5) or stored at -18°C for 

subsequent analysis of NH3-N concentration. 
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3.4 Sample preparation 

3.4.1 Feed samples 

Where the diet fed consisted of an air-dry ration (Chapters 5 and 7), samples of the feed 

ingredients were ground firstly through a 5 mm sieve followed by a 1 mm sieve. 

Approximately 100 g (known weight) of the ground samples were then oven dried at 

80oC in a forced-air oven (Labec Oven; Laboratory Equipment Pty Ltd) for 24 h to 

determine the DM content (AFIA, 2006). Where the diet consisted of fresh forage 

(Chapters 4 and 6), the feed was oven dried at 80oC for 48 h to determine the DM 

contents. Once dried, the forage samples were ground firstly through a 5 mm sieve 

followed by a 1 mm sieve. 

Once dried (and ground) the samples were then placed in plastic storage containers at 

room temperature pending chemical analysis. 

The feed refusals collected from each sheep during the digestibility study were dried at 

80oC in a forced-air oven to determine their DM content. The dried feed refusals for 

each sheep were then bulked together to create a composite sample. The composite 

samples were then ground through a 1 mm sieve and approximately 100 g of the ground 

samples retained for subsequent chemical analysis. 

3.4.2 Faecal and urine samples 

The frozen faecal samples were thawed overnight at room temperature, weighed (once 

thawed) and then dried in a fan-forced oven at 80°C for 48 h to determine their DM 

contents. The dried samples for each sheep were then bulked together to create a 

composite sample.  The composite samples were ground firstly through a 5 mm sieve 

followed by a 1 mm sieve.  Sub samples of about 100 g of the ground composite faecal 

samples (one for each sheep) were then stored in plastic storage containers at room 

temperature pending chemical analyses. 

The frozen urine samples were thawed and the samples for each sheep were then bulked 

together to create a composite sample for subsequent N analysis. 
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3.5 Analytical procedures 

All analytical procedures were undertaken at the Feed Laboratory of NSW DPI at 

Wagga Wagga. 

3.5.1 Dry matter and ash 

The analytical DM content of ground samples was determined by overnight drying of a 

known weight (about 2 g) of sample in a porcelain crucible using a forced-air oven at 

100°C (AOAC 2004-5; M934.01).  The oven dried samples were ignited in the crucible 

at 600°C until all carbon was removed in order to determine the ash content, from 

which the OM content was calculated (AOAC 2004-5; M942.05).   

3.5.2 Nitrogen 

The N content of feed and faeces (0.2 g ground samples) were determined using the 

Dumas combustion method with a Leco CNS 2000® analyser (Leco, St Joseph, MI, 

USA). The CP content of the samples was calculated by multiplying the N content by 

the factor 6.25. 

3.5.3 Neutral detergent fibre  

The NDF content of the feed and faeces was determined by weighing approximately 0.5 

g (known weight) of each of the ground samples into an ANKOM filter bag. The 

samples were spread evenly throughout the filter bag and then the bags were placed in 

the ANKOM Fibre Analyser (Ankom® 200/220 fibre analyser, ANKOM technology, 

Macedon NY, USA) vessel along with neutral detergent solution, sodium sulphite and 

heat stable alpha-amylase. The bags were heated and agitated for 75 min and then rinsed 

three times with hot water and alpha-amylase for 3-5 min each. The bags were removed, 

soaked in acetone for 3-5 min and then dried in an oven at 105oC for 2 h (AFIA 2006). 

For quality control and assurance, a reagent blank sample and two replicate samples 

were prepared precisely the same way and placed in with each run. 

3.5.4 Acid detergent fibre 

The ADF content of the feed and faeces was determined by weighing approximately 0.5 

g (known weight) of each of the ground samples into an ANKOM filter bag. The 

samples were spread evenly throughout the filter bag and then the bags were placed in 
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the ANKOM Fibre Analyser (Ankom® 200/220 fibre analyser, ANKOM technology, 

Macedon NY, USA) vessel along with acid detergent solution. The bags were heated 

and agitated for 60 min and then rinsed three times with hot water for 3-5 min. The bags 

were then removed, soaked in acetone for 3-5 min and drying completed in a fan-forced 

oven for 2 h at 105oC (AFIA 2006). 

Secondary samples including a reagent blank sample and two replicate samples were 

prepared precisely the same way and placed in with each run to ensure quality control. 

3.5.5 Volatile fatty acids concentrations and proportions 

After centrifuging each individual ruminal fluid sample at 3000 g for 10 min, 100 µL of 

the supernatant was transferred in to a 1.5 mL Eppendorf tube containing 900 µL VFA 

reagents (1% formic acid- 1% orthophosphoric acid, containing 184 ppm 4-

methylvaleric internal standard). This was then centrifuged for 4 min at 10000 rpm and 

1 mL of supernatant was transferred to a GC vial. For each run (50 samples), a duplicate 

of six random samples were made. 

Volatile fatty acid concentrations were determined using a Shimadzu GC17A gas 

chromatograph with an autosampler and autoinjector. The method used a wide bore 

capillary column (SGE BP21 column; 12 x 0.53 mm internal diameter (ID) and 0.5µm 

film thickness, SGE International, Ringwood, VIC, Australia, P/N 054473) with 

retention gap kit (including a 2 x 0.53 mm ID guard column, P/N SGE RGK2). 

For GC analysis, the carrier gas was helium with a total flow rate of 48.0 mL/min, a 

split ratio of 5:1 and a column flow of 7.84 mL/min. The inlet temperature was 155oC, 

inlet pressure was 19 kPa and injection volume was 1 µL. The oven temperature was set 

at 80oC for 2 min, increasing 6ºC/min to 122oC, 12oC/min to 144ºC, then increasing 

40oC/min up to 220oC, which was then maintained to give a total run time of 

approximately 20 min. The flame ionisation detector temperature was set at 200oC, with 

the following gas flow rates: hydrogen at 40 mL/min, instrument air at 500 mL/min and 

nitrogen make-up gas at 30 mL/min (Packer et al. 2011).  

Sample VFA peaks were identified by comparing their retention times with those of a 

standard mixture of genuine VFA (Sigma Aldrich) and quantified using Agilent 

OpenLab (ChemStation A01.03) and Microsoft Excel using 4-methlyvaleric acid as the 

internal standard. 
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3.5.6 Ammonia concentrations 

Ruminal fluid and urine NH3-N concentrations were determined using a Flow Injection 

Analyser Spectroscopy (Lachat 8000 series FIA). This method was adapted from the 

Lachat (2012), using ammonia chloride as the standard. All results were calculated to 

mg/L.  

3.5.7 Faecal n-alkanes 

All samples were analysed as described by Dove and Mayes (2006). The samples were 

weighed (0.1 g) into cleaned (using either heptane or heated for 4 h in a blast furnace) 

McCartney bottles to which was added 0.1 g (approximately 140 μL) of an internal 

standard (0.02 mg/mL C24/C34) and 1.5 mL of warmed KOH (1M). The bottles were 

then tightly capped and heated at 90°C for 16 h. 

The samples were then cooled (to 50 – 60°C), and 1.5 mL of heptane added, and the 

samples returned to heat (50 – 60°C). After 5 min, 0.4 mL water was added, the bottles 

shaken, and again returned to the heat. This was repeated twice, and the separated top 

layer containing the alkanes removed into scintillation vials using disposable pipettes. 

This was repeated twice more, with the alkanes dissolved in heptane removed to the 

same vial. The heptane was then evaporated off. Any residue that remained after the 

evaporation of the heptane was then dissolved in 0.3 mL of heptane, and returned to 

heat (45°C), and pipetted into silica gel column, draining into new scintillation vials. 

The original vial was further washed with an additional 1.5 mL of heptane, and added to 

the appropriate gel column/scintillation vial. This was repeated twice more, and the 

columns were then left to drain. 

The heptane/alkane solution was then evaporated to remove any water contaminants. 

The alkane residue was rehydrated with 0.3 mL of heptane before pipetting 100 μL into 

gas chromatography (GC) vials. A duplicate was made for each extract. The alkane 

concentrations in faecal material was analysed using a Varian CP 3800 Gas 

Chromatograph. The GC analysis measured peak area under the curve of individual n-

alkanes ranging from C21 to C36 for all faecal samples. Usually peak areas are converted 

to concentrations in parts per million (ppm) on a OM basis via an equation 

incorporating the known weight of the internal standard (IS), sample weight, sample 

DM and ash content (Doves and Mayes 2006), but this was not the case in these studies 

as the DM and ash contents of the faecal samples were not determined.  
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To get an accurate measurement of faecal n- alkanes to determine individual diet 

selection, animals need to be orally dosed with alkanes, from which faecal alkanes are 

compared with plant alkanes to determine the individual’s diet. However, the sheep 

were not dosed with an alkane (due to availability constraints as well as welfare 

concerns associated with daily dosing (of alkanes) in lambing ewes and the potential for 

mismothering). As a consequence, this limited the analysis of diet selection between the 

two sheep breeds.  

3.6 Calculations 

3.6.1 Nutrient digestibility 

The apparent digestibility of a feed or individual nutrient is most accurately defined as 

the proportion which is not excreted in faeces, and therefore assumed to be absorbed by 

the animal.  The amount of each constituent (DM, OM, NDF, ADF, CP) was 

determined for the feed offered, feed refusals and faeces.  By subtracting the amount of 

each constituent in the feed refusals from that in the offered feed, nutrient intakes were 

calculated. The digestibility of the nutrients (DM, OM, NDF, ADF, CP) were then 

determined, expressed on a DM basis, using the following formulas (AFIA 2006): 

Digestibility (%) = [(dietary intake – faecal output)/dietary intake] x 100 

Metabolisable energy was calculated using digestible OM in DM (DOMD) and was 

calculated in two forms: 

For roughages other than silage: 

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

For grains and concentrates: 

ME (MJ/kg DM) = 0.138 x DOMD (%) + 0.272 x ether extract (EE, %) 

3.6.2 Nitrogen balance 

Nitrogen balance was calculated as follows: 

N balance (g/d) = N intake (g/d) – [total faecal N output (g/d) + total urinary N output 
(g/d)] 
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3.6.3 Volatile fatty acids concentrations and proportions 

All results were calculated as ppm and converted to mmol/L for subsequent analyses. 

The ratios of acetic acid to propionic acid (Ac: Pr) and the propionic acid to acetic acid 

plus two times butyric acid (Pr: Ac + 2 x Bu) were also calculated from molar 

proportions (and concentrations, where appropriate). The ratios were included in the 

experimental analysis as they help explain the energy partitioning of ATP between the 

individual VFA; e.g., 1 mole of butyric acid is formed from 1 mole of hexose while 2 

moles of propionic or acetic acids are formed from 1 mole of hexose (Dijkstra et al. 

2012). Proportions of individual VFA were calculated from total and individual VFA 

concentrations. 

3.7 Statistical Analysis 

3.7.1 Repeated measures analysis 

Data collected from the same animal over time was analysed using Repeated Measures 

Analysis, using the Univariate procedure in the SAS statistical program (SAS Institute 

Inc., 1997). The mixed model procedure was chosen over other methods as it accounts 

for covariation both within and between animals over time (Littell et al. 2000).  

The covariant structures were assessed and the most appropriate structure was used. 

There are six different types of covariance structures used in the mixed model procedure 

in the SAS program (Littell et al. 2000).  

Linear mixed models state that data consists of two parts, fixed effects and random 

effects. Fixed effects define the expected value of the observation and random effects 

defined the variance and covariance of the observations (Littell et al. 2000). The 

analyses of random and fixed effects are outlined in each experimental chapter.  

3.7.2 Mixed Model Analysis of Variance 

Data collected from animals in different treatment groups at a single point in time were 

analysed using the Fixed Model procedure in SAS.  

  



41 

 

CHAPTER 4: DIFFERENCES IN PRODUCTION LEVELS, DIET 

SELECTION, AND RUMINAL PARAMETERS IN MERINO AND 

DORPER SHEEP BREEDS GRAZING WHEAT STUBBLE. 

4.1 Introduction 

The Dorper sheep has been found to perform well under sub-optimal conditions, which 

enables them to adapt to drier regions. An increase in reproduction and carcass 

characteristics under less than ideal conditions and a difference in diet selection 

compared to Merino sheep may allow Dorpers to be better suited to low quality diets 

which are found in the more arid areas of Australia (Alemseged and Hacker 2014).  

Ruminants graze a variety of diets and this is influenced by the agricultural region in 

which they are located. For example, in the mixed-farming zone (this is the interaction 

of cropping and livestock enterprises) the diet of grazing animals may include pastures 

as well as dual purpose crops. Within the Riverina region in southern NSW, dual 

purpose crops are being used in wool and meat production systems. Dual-purpose crops 

are used as feed for livestock in a number of ways; as grain and straw, as a green 

pasture or standing mature crop or as cereal stubble (Valiente et al. 2003). 

Cereal (for example wheat, barley, oats) stubble is regarded as a valuable feed for 

ruminants within the dual purpose cropping systems in Australia when other forage is of 

short supply. Mulholland et al. (1976) suggested that cereal stubble, especially when it 

has some green material available, is an alternative grazing feed source for wethers or 

dry ewes at stocking rates up to 30 dry sheep equivalent (DSE)/ha and for up to a period 

of 12 weeks. Certain breeds of sheep have been shown to maintain or gain LW when 

grazing stubble immediately after harvest, as the spilt grain, the leaf and chaff provides 

sufficient digestible nutrients to the animal (Rowe et al. 1989). However, when there is 

no residual grain cereal stubble is classified as a poor-quality forage, due to its low N 

content, low available carbohydrates, high cell wall content and low amounts of other 

essential nutrients such as S, which limits intake and digestion (Wales et al. 1990; 

Brand et al. 2000).  

Du Toit (1998) found that Merinos and Dorpers grazing a native pasture selected 

different parts and proportions of the herbage on offer; Merinos selected more grasses 

while Dorpers selected bushes and plants with a greater woody component. Overall, 
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there was around an 8% difference in diet selection, with the largest difference found 

during the plant reserve storage and dormant seasons. This meant that in the Noorsveld 

and Arid Karoo environments of South Africa the Merino selected more soft herbaceous 

vegetation compared to the Dorper, making the Merino less suited for a low quality feed 

environment. In contrast, Engels et al. (1974) and Botha et al. (1983) found no 

differences in diet selection between breeds when Merino and Dorper sheep were 

grazing natural pastures of the Karoo and Central Orange Free State. 

Variable differences in diet selection between Merino and Dorper sheep have been 

found by Brand (2000). Similar diets were selected by the Merino and Dorper during 

times of sufficient grazing; however, when nutrients became limited the Dorper selected 

a diet of lower quality by selecting a diet with a higher proportion of shrubs and Karoo 

bushes, while Merino selected more grasses. This means that under suboptimal grazing 

conditions, Dorper sheep are better suited as they are are less selective grazers and will 

consume a diet consisting of a large range of plant species. This unique behaviour could 

also be beneficial under extensive grazing conditions on low quality pastures.   

There has been considerable research conducted on Dorper sheep in the rangelands of 

South Africa, especially with regards to its diet selection in semi-arid environments. 

However, the research in Australia on this breed has been limited mainly to its 

reproduction (Kilminster and Greef 2011), feed intake (Scanlon et al. 2013), carcass 

characteristics (Almeida et al. 2013) and grazing habits (Alemseged and Hacker 2014).  

Therefore, a grazing experiment was conducted on a low quality diet (wheat stubble) to 

investigate if production differences between Merino and Dorper sheep existed, and if 

these differences were related to diet selection and/or rumen parameters. The aims of 

this study were thus to determine: 

• When fed a low-quality diet of cereal (wheat) stubble are there any production 

differences between Merino and Dorper sheep? 

• If production differences exist between Merino and Dorper sheep is this due to 

differences in diet selection (based on faecal n-alkane profiles) and/or rumen 

parameters (VFA concentrations and proportions and NH3-N concentrations)? 
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4.2 Materials and Methods 

4.2.1 Site location 
The grazing trial, approved by the CSU’s Animal Care and Ethics Committee (Protocol 

No 12/101), was conducted over the period from 20th December 2013 to 31st January at 

the Wagga Wagga Agricultural Institute Farm. Details of the location have been 

previously described in Chapter 3.1 – 3.2. The average daily temperature over the 

experimental period was 30.6˚C and a total of 22.6 mm of rainfall was recorded. 

The experimental site was dry sown on the 18th April with a dual-purpose wheat (EGA 

Wedgetail) and once established was grazed by pregnant and lactating ewes for a period 

of 48 d (Chapter 6). . Following harvest of the wheat crop in late November, two 

replicate plots of 5.58 ha were established to enable grazing (for 42 d) of the residual 

wheat stubble. 

4.2.2 Animals 
A total of 110 ewes (Merino and Dorper) (and also used for the grazing trial reported in 

Chapter 6) were selected and randomly allocated (using stratified LW and BCS) at a 

stocking rate of 11 ewes/ha to the two plots, with both ewe breeds represented in each 

plot. The ewes consisted of 40 dry CentrePlus Merino ewes (68.2 ± 0.77 kg) and 70 dry 

Dorper ewes (74.85 ± 0.59 kg). Each plot was thus stocked with 20 Merino ewes and 35 

Dorper ewes. The number of ewes per breed differed due to the ewes being a part of an 

already established trial. 

4.2.3 Data collection 
Details of the type and schedule of data collection are presented in Figure 4.1. Ewe LW 

and BCS (see Chapter 3.2.2) and FOO were measured/assessed every week over the 

experimental period. Food on-offer was measured using a 0.25 m2 (70 cm x 35 cm) 

quadrate and then 50 visual assessments (see Chapter 3.2.1).  
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Figure 4.1 Data collection schedule. 

Samples of the wheat stubble and any other residue (grain and hulls) after harvesting 

were hand-collected (plucked) from the plots as indicated in Figure 4.1. A sample was 

collected at every seven strides, in a diagonal transect of each of the grazing plots.  This 

was to provide samples representative of the pasture available to the animal at a given 

time. The samples were bulked for subsequent analysis of nutritive value (see Chapter 

3.5).   

For each plot, eight ewes (the same for each sampling) of each breed were randomly 

selected for the collection of ruminal fluid samples (see Chapter 3.2.3.3).  The samples 

were collected at 14, 28 and 42 d after the introduction of the ewes to the grazing plots 

(see Figure 4.1). The samples were collected using a stomach tube, and each sample 

was assessed for saliva contamination. After the samples were collected they were 

placed on ice and then processed for subsequent analysis of VFA concentrations and 

proportions (see Chapter 3.5.5) and NH3-N concentrations (see Chapter 3.5.6).  

Fresh faecal samples were collected (see Chapter 3.2.1.2) at 14, 28 and 42 d after the 

introduction of the sheep to the grazing plots. Three fresh faecal samples per breed per 

plot (six samples per breed) were collected immediately after animals were weighted 

and their BCS assessed. The samples were then placed on ice for subsequent analysis of 

faecal n-alkane (C24-C34) concentrations (see Chapter 3.5.7) as a measure of any 

differences in diet selection.  

4.2.4 Statistical analysis 

Differences in outcome measures between treatment groups were determined using the 

Mixed Model procedure in the SAS program (SAS Institute Inc., 1997). The analysis of 

LW, BCS, ruminal NH3-N concentrations, VFA concentrations and proportions and 
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faecal n-alkanes included the fixed effects of ‘breed’ and ‘week’ and the interaction 

between the fixed effects with the individual animal and plot as a random effect. Day 0 

LW and BCS were assessed for significance as co-variates and where significant (LW) 

was included in the final model. A secondary analysis of LW was also conducted 

without Day 0 values included as a co-variate, in order to determine change in LW over 

the experimental period.  Differences were significant when p < 0.05. 

4.3 Results 

4.3.1 Quantity and quality of feed 
At the commencement of the grazing trial, FOO was 236 kg DM/ha and at the 

completion of the trial (after 42 d of grazing) FOO was 185 kg DM/ha. The average 

nutritive value of the available feed at the commencement and completion of the 

grazing trial is presented in Table 4.1. 

Table 4.1 Estimated nutritive value (on DM basis) of the feed on offer (wheat straw, grain and 
hulls) at the start and end of the grazing trial. 

Parameter Start of grazing trial End of grazing trial 

Dry matter (%) 98.9 98.9 

Crude protein (%) 2.4 2.3 

Metabolisable energy (MJ/kg DM) 5.6 5.6 

Organic matter (%) 95 94.5 

Neutral detergent fibre (%) 79.5 79 

Acid detergent fibre (%) 46.5 47 

4.3.2 Live weight and body condition score 
Liveweight was significantly higher (p < 0.001) for the Dorper (75.00 ± 0.85 kg) 

compared to the Merino (70.01 ± 1.10 kg) ewes prior to the commencement of grazing 

and throughout the grazing period (p < 0.01) even when pre-treatment LW was included 

in the model as a co-variate (Table 4.2). The LW of the Merino (p < 0.01) but not the 

Dorper (p > 0.05) ewes was significantly lower at the end compared to the 

commencement of the grazing period (Figure 4.2). 
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Table 4.2 Mean (± SE) live weight and body condition score (BCS) of Dorper and Merino ewes 

when grazing wheat stubble for 42 d. 

Parameter Merino Dorper p – value 

Breed (B) Week (W) B x W 

Live weight1 (kg) 68.94 (± 0.90) 73.84 (± 0.69) < 0.001 0.097 0.137 

BCS 3.62 (± 0.05) 4.51 (± 0.04) < 0.001 < 0.001 < 0.001 

1Pre-treatment LW was included in the model as a co-variate. 

 

Figure 4.2 Temporal changes in mean live weight of Merino (●) and Dorper (○) ewes grazing 

wheat stubble. Error bars are the standard error of the least square means. 

As shown in Figure 4.3, over the grazing period the average BCS of the Dorper ewes 

(4.60 ± 0.05) was significantly higher (p < 0.05) than that of the Merino ewes (3.62 ± 

0.06). The BCS of both the Merino and Dorper ewes declined significantly (p < 0.05) 

over the 42 d of grazing on wheat stubble. However, if assessed following a dietary 

adaptation period (10-14 d), only the BCS of the Merino ewes declined (p < 0.05) over 

the remaining grazing period. 
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Figure 4.3 Temporal changes in mean body condition score (BCS) of Merino (●) and Dorper 

(○) ewes grazing wheat stubble. Error bars are the standard error of the least square means. 

4.3.2 Faecal n-alkanes 
The average concentrations of the faecal n-alkanes C24 – C34 inclusive are presented in 

Table 4.3. There were no differences (p > 0.05) in the average concentrations of the n-

alkanes C24, 29, 31 and 34 between the Merino and Dorper ewes; however, the average 

concentrations of the n-alkanes C25, 27, 28 and 33 were significantly higher (p < 0.05) 

in the Dorper (42.72 ± 1.43, 202.10 ± 8.08, 29.14 ± 0.54 and 531.01 ± 21.05 ppm, 

respectively) compared to the Merino ewes (33.56 ± 1.43, 146.27 ± 8.08, 24.75 ± 0.55 

and 393.23 ± 19.40 ppm, respectively), independent of the week of sampling. 

As shown in Figure 4.4, the concentrations of some individual n-alkanes varied over 

time and were independent of sheep breed. For example, the average concentration of 

C28 was highest (p < 0.05) in Week 4 (28.74 ± 0.44 ppm) whilst the average 

concentration of C30 (30.48 ± 2.51 ppm) was highest (p < 0.05) in Week 6. The average 

concentration of C32 was lowest (p < 0.05) in Week 2 (25.67 ± 2.98 ppm). 

For Week 4, C30 concentrations were significantly higher (p < 0.05) in the Dorper 

(30.49 ± 3.63 ppm) compared to the Merino ewes (17.51 ± 3.65 ppm) indicating there 

were transient differences between the two sheep breeds. 
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Table 4.3 Least squares mean (± SE) faecal n-alkane concentrations (ppm) in Merino and Dorper ewes grazing wheat stubble. 

n-alkane Sheep breed p values 

Merino Dorper Breed Week Breed x week 

C24  3807.96 ± 48.15 3870.06 ± 48.15 0.397 0.409 0.800 

C25 33.56 ± 1.43 42.72 ± 1.43 0.004 0.093 0.416 

C27 146.27 ± 8.08 202.10 ± 8.08 0.003 0.061 0.156 

C28 24.75 ± 0.55 29.14 ± 0.54 0.001 0.002 0.255 

C29 463.19 ± 41.51 503.23 ± 42.47 0.525 0.055 0.427 

C30 23.52 ± 3.54b 29.02 ± 3.51a 0.312 0.002 <0.001 

C31 833.17 ± 77.75 905.56 ± 74.58 0.527 0.111 0.412 

C32 26.46 ± 3.54 36.73 ± 3.27 0.077 0.031 0.055 

C33 393.23 ± 19.40 531.01 ± 21.05 0.003 0.147 0.159 

C34 3938.91 ± 39.06 4072.98 ± 38.08 0.057 0.096 0.347 

*Means within each row with different superscripts differ significantly (p < 0.05). 
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Figure 4.4 Temporal changes in the concentrations of C25, C27, C28, C30, C32 and C33 faecal n-alkanes for Merino (●) and Dorper (○) ewes grazing wheat 

stubble. Error bars are the standard error of the least square means. 
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4.3.3 Ruminal ammonia concentrations 
The concentration of NH3-N was not significantly (p < 0.05) different in ruminal fluid 

collected from either Merino or Dorper sheep, independent of the week of collection. 

Independent of sheep breed, average NH3-N concentrations varied over time, being 

higher (p < 0.05) in Week 2 (67.26 ± 8.13 mg NH3-N/L) compared to that measured at 

Week 4 (48.88 ± 8.13 mg NH3-N/L) and Week 6 (51.29 ± 8.13 mg NH3-N/L).  

4.3.4 Total VFA concentrations and proportions 
Total VFA concentrations (Table 4.4) did not vary over time or between sheep breed (p 

> 0.05); however, differences existed between molar proportions of individual VFA 

(Table 4.5), between both sheep breeds and sampling times.  

The average molar proportions of acetic acid were significantly higher (p < 0.05) in the 

Dorper (75.77 ± 0.47 %) compared to Merino ewes (73.14 ± 0.47 %), while the molar 

proportions of butyric acid and valeric acid were significantly higher (p < 0.05) in the 

Merino (9.01 ± 0.61% and 0.40 ± 0.04%, respectively) compared to Dorper ewes (7.29 

± 0.61% and 0.31 ± 0.04%, respectively). The molar proportions of valeric and 

hexanoic acids only differed between breeds in Week 2, being significantly higher (p < 

0.05) in the Merino (0.54 ± 0.05% and 0.19 ± 0.02%, respectively) compared to the 

Dorper ewes (0.32 ± 0.05 and 0.10 ± 0.02%, respectively). 

There were no temporal differences (p > 0.05) in the molar proportions of acetic, 

propionic and heptanoic acids, as well as the ratios Pr:Ac+2xBu and Ac:Pr. The molar 

proportions of butyric, valeric and hexanoic acids in Week 2 (9.65 ± 0.64%, 0.43 ± 

0.04% and 0.14 ± 0.02%, respectively) were significantly higher (p < 0.05) than in 

Week 4 (7.76 ± 0.64%, 0.33 ± 0.04% and 0.11 ± 0.02%, respectively) and Week 6 (7.05 

± 0.64%, 0.29 ± 0.04% and 0.09 ± 0.02%, respectively).   
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Table 4.4 Least squares mean (± SE) ruminal ammonia concentrations and total concentrations and molar proportions of volatile fatty acids (VFA) in Merino and 
Dorper ewes grazing wheat stubble.  

Parameter Sheep breed p-values 

Merino Dorper Breed Week Breed x week 

Ruminal ammonia concentrations (mg NH3-N/L 
ruminal fluid) 

53.52 (± 7.76) 58.09 (± 7.76) 0.351 0.008 0.945 

Total VFA concentration (mmol/L) 55.51 (± 5.04) 59.76 (± 5.04 0.301 0.057 1.87 

VFA molar proportions (%) 

Acetic acid 

 

73.13 (± 0.47) 

 

75.76 (± 0.47) 

 

0.001 

 

0.062 

 

0.184 

Propionic acid 17.03 (± 0.66) 16.21 (± 0.66) 0.120 0.202 0.698 

Butyric acid 9.01 (± 0.60) 7.29 (± 0.60) 0.001 <0.001 0.189 

Iso-butyric acid 0.47 (± 0.04) 0.49 (± 0.04) 0.460 0.008 0.436 

Iso-valeric acid 0.466 (± 0.06) 0.462 (± 0.06) 0.924 0.001 0.436 

Valeric acid 0.39a (± 0.04) 0.30b (± 0.04) 0.002 0.001 0.012 

Hexanoic acid 0.12a (± 0.017) 0.10b (± 0.017) 0.107 0.004 0.006 

Heptanoic acid 0.014 (±0.001) 0.015 (± 0.001) 0.886 0.213 0.199 

Pr: Ac + 2 x Bu 0.18 (± 0.009) 0.17 (± 0.009) 0.273 0.069 0.750 

Ac:Pr 4.22 (± 0.18) 4.62 (± 0.18) 0.057 0.600 0.411 

*Means within each row with different superscripts differ significantly (p < 0.05). 
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Figure 4.6 Temporal changes in molar proportions of volatile fatty acids in Merino (●) and Dorper (○) ewes grazing wheat stubble. Error bars are the standard error 

of the least square means. 
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4.4 Discussion 

4.3.1 Quantity and quality of feed on offer 
Based on the collection of pasture samples, at both the start and cessation of grazing 

(Table 4.1), the wheat cereal stubble did not contain sufficient CP to meet the 

nutritional requirements for a dry ewe. The CP requirements for a dry ewe are 6% 

(Evergraze 2016); therefore, on average, the available feed (2.3-2.4% CP) did not meet 

this requirement. The ME requirement was also not met by this diet (5.6 MJ/kg DM), 

given the requirements are 9.5 – 10.7 MJ ME/kg DM for dry ewes between 60 and 70 

kg BW (Evergraze 2016).  

Given that (following a dietary adaptation period) the Dorper ewes maintained weight 

over the grazing period, they were able to select a diet of greater nutritive value than 

that of the average pasture on offer.  In contrast, the Merino ewes did not maintain 

weight and thus the diet they selected was more closely aligned to the average pasture 

on offer. This highlights the potential errors in predicting animal performance based on 

assessment of pasture samples, as the samples may not reflect the quality of the diet 

selected by the grazing animal.   

The FOO for the wheat stubble was below the recommended optimum range.  At the 

commencement of grazing FOO was 236 kg DM/ha and by the completion of grazing 

(after 42 d) it had declined to 185 kg DM/ha. The optimum FOO for LW gain and 

livestock production is 1000 to 2000 kg DM/ha. Due to the nature of the FOO and the 

CP and ME of the available feed, it would be recommended that these animals, and 

especially the Merino ewes (because they lost weight) be supplemented to achieve a 

maintenance diet containing 6% CP and 9.5-10.7 MJ ME/kg DM. A potential 

supplement for these ewes could be lupins. Lupins have been shown to have many 

positive effects in terms of growth and reproductive efficiency in sheep and have high 

protein and energy levels and low starch content (van Barneveld 1999). 

Supplementation of just 150 g/hd/d when grazing a cereal stubble diet has been shown 

to increase LW gain in sheep (Rowe and Ferguson 1980).  

4.4.2 Live weight and body condition score 
The ewes in this grazing trial were selected from those used in the grazing trial reported 

in Chapter 6 and as a consequence the average LW and BCS of the Dorper ewes over 

the grazing period were significantly higher (p < 0.05) than that of the Merino ewes.  

The higher LW and BCS of the Dorper sheep is likely due to the fundamental 
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differences in physiology which are associated with meat and wool breeds of sheep 

(Ponnampalam et al. 2012).   

The main finding in this study was that animal performance differed, with the Merino 

ewes losing weight while the Dorper ewes generally maintained weight over the grazing 

period.  Various factors may have contributed to this difference in LW status, including 

differences in relative (BW basis) feed and therefore nutrient intake, differences in diet 

selection resulting in differences in nutrient intake, differences in nutrient utilisation and 

differences in the supply of microbial nutrients.  

The LW of the Merino ewes did not change over the first 3 weeks of the grazing period, 

and then decreased significantly. This corresponds to the observed changes in faecal n-

alkanes between the two breeds, whereby the concentrations of several alkanes were 

varied significantly at Weeks 4 and 6. This indicates there were differences between the 

two breeds in the diet consumed which coincided with differences in LW change.  

The changes in the LW of the two sheep breeds was also reflected in the changes in 

BCS, with , the BCS of the Merino ewes decreasing over the majority of the grazing 

period and, following an initial decline, the BCS of the Dorper ewe remaining relatively 

unchanged.  Thereforem based on both LW and BCS, the Dorper ewes performed better 

than Merino ewes when grazing a low quality diet.   

Because both Dorper and Merino ewes grazed the same plots it was not possible to 

determine if there were differences in feed intake; however, information gained from 

the analysis of faecal n-alkanes gives an indication of the changes that may have been 

occuring. Under grazing conditions with ad libitum feed intake, de Waal et al. (1981) 

found feed intake (W0.75 kg) was higher in Merino compared to Dorper sheep. This was 

unlikely to have been the case in this study as a higher feed intake by the Merino would 

have been reflected in a positive difference in LW gain, which was not the case. Thus 

the difference in animal performance was most likely due to differences in either diet 

selection and/or utilisation.  

4.4.3 Diet selection as based on faecal n-alkanes 
The n-alkane profiles were determined for faecal samples as a means of determining 

potential differences in diet selection and feed inatake between the Dorper and Merino 

ewes.  Because the animals were not dosed with alkanes and the n-alkane the profile of 

the available feed was not determined, this meant it was not possible to determine 

whether the differences in faecal n-alkane concentrations were due to either differences 

http://www.sciencedirect.com/science/article/pii/S0921448899001583#BIB11
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in total DMI, selection of different dietary components or a combination of both. 

Therefore, differences in faecal n-alkane concentration in this instance indicated the 

sum total of the differences due to total DMI and dietary component selection.    

On the basis of faecal n-alkane profiles, there were both absolute and temporal 

differences in diet selection of the Merino and Dorper ewes grazing wheat stubble 

(Table 4.3). The total concentration of C25, C27 and C33 n-alkanes were significantly 

higher in the Dorper compared to the Merino ewes in Weeks 4 and 6.  This could 

indicate changes in dietary selection and preferences may vary depending on breed 

(Hegarty 2004). du Toit (1998) found that Merino and Dorper sheep selectively grazed 

different parts and proportions of the herbage on offer when fed a native pasture in 

different regions of South Africa. Overall, there was around an 8% difference in diet 

selection, with the largest difference found during the plant reserve storage and dormant 

seasons. In contrast, Engels et al. (1974) and Botha et al. (1983) found no differences in 

diet selection between Merino and Dorper sheep when fed a similar South African 

native pasture diet.  

The n-alkane composition differs greatly between different plant species, and to a lesser 

extent between different parts of the plant. Leaves and floral parts of the plant tend to 

have higher n-alkane concentrations, compared to the stem (Dove and Mayes 1991; 

1996). The faecal concentrations of C25, C27, C28 and C33 were significantly higher (p 

< 0.05) in the Dorper compared to the Merino ewes.  What specific components of the 

diet these n-alkanes represent is unknown but if they were associated with the leaves of 

the plant, then the quality of the diet selected by the Dorper ewes would be higher than 

that selected by the Merino ewes.  

The composition of the diet selected may be influenced not only by (sheep) breed but 

also the quality (nutritive value) of the available feed. As reported later in this thesis 

(Chapter 6), when grazing the actively growing and higher quality dual-purpose wheat 

(Chapter 7), faecal n-alkane profiles (see Table 7.4) did not vary (p > 0.05) between the 

Merino and Dorper ewes.  

The difference in diet selection and/or DMI when grazing the wheat stubble may have 

contributed to the differences in LW status of the two breeds over the grazing period.  If 

the diet selected by the Dorper ewes was of higher quality than that selected by the 

Merinos this may account for the maintenance of LW in the Dorpers and the LW loss in 

the Merino ewes.  
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4.4.4 Ruminal ammonia concentrations  
In a study involving free-grazing, fistulated animals, Els (2000) found that Dorpers 

were much more selective grazers than Merinos, selecting diets significantly higher in 

CP, energy and digestible OM and lower in ADF. Given that ruminal NH3-N 

concentrations did not differ (p > 0.05) between the Dorpers and Merinos, it is unlikely 

that the Dorpers selected a diet significantly higher in rumen degradable protein.  It is 

still possible that they selected a diet with a higher rumen undegradable protein content 

(as this would not influence ruminal NH3-N concentrations) and potentially account for 

the maintenance of LW in the Dorpers and the LW loss in the Merino ewes. 

Brand et al. (2000) found that the average ruminal NH3-N concentration of ewes 

grazing wheat stubble (at a stocking density of 2 ewes/ha) was 58 mg NH3-N/L ruminal 

fluid, which is consistent with the results found in this study (55.8 mg NH3-N/L).  

With the exception of week 4, ruminal NH3-N concentrations were within the optimal 

range (50-80 mg NH3-N/L) to support microbial growth (Satter and Slyter 1974). The 

lack of difference in ruminal NH3-N concentrations between the two breeds indicates 

there was unlikely to be any differences (between the two breeds) in microbial protein 

synthesis (provided supply of other substrates did not differ) and thus does not provide a 

possible explanation as to why the Dorper ewes generally maintained weight while the 

Merino ewes lost weight. 

4.4.5 Total VFA concentrations and proportions 
Average total VFA concentration (57.64 mmol/L) was consistent with those (46.89 

mmol/L) reported by Caballero et al. (1992) but higher than those (11.45 ± 0.341 

mmol/L) reported by Brand et al. (2000) for cereal stubble diets. Total VFA 

concentrations did not vary (p > 0.05) between the two breeds, further supporting that 

there were no differences in substrate supply or microbial efficiency and consequently 

no differences in the supply of microbial nutrients to the host animals.  

Forage diets usually give rise to a high production of acetic acid, relative to propionic 

acid, as was the case in this study. Acetic acid is the major- energy yielding substrate 

under these conditions, and the efficiency with with it is used will affect the overall 

efficiency of feed utilisation (Cronje et al. 1991). In comparing the two breeds, the 

molar proportions of acetic acid were significantly higher (p < 0.05) in the Dorper, 

while the molar proportions of butyric and valeric acids were significantly higher (p < 

0.05) in the Merino ewes  The molar proportions of propionic acid did not vary (p > 
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0.05) between the two breeds. Differences in the molar proportions of individual VFA 

are of greatest importance when considering animal production responses but are of 

lesser importance when considering maintenance requirements. As reviewed by Orskov 

et al. (1979), several studies have shown that acetic, propionic and butyric acids are 

utilised with an equal efficiency for maintenance. However, for growth and fattening 

acetic acid is used with an efficiency considerably less than that of propionic and 

butyric acids. On this basis, given the higher proportion of butyric acid, the mature 

Merino ewes should theoretically have increased fattening (higher production potential) 

than the Dorper ewes, while in reality they lost weight.  Investigation of the potential 

differences in the efficiency of use of acetic acid, and consequently efficiency of feed 

utilisation, is warranted.   

Given there were no differences in the major VFAs in Weeks 4 and 6, differences in 

rumen metabolism of VFAs are unlikely to have contributed to the change in LW 

observed in the Merino ewes. The proportions of the major VFAs (acetic, propionic and 

butyric acids) were different at Week 2 compared to Weeks 4 and 6 (Figure 4.6) when 

comparing the two sheep breeds. There were also temporal changes in molar 

proportions of some of the VFA. These temporal changes in molar proportions may be 

due to differences in the time of ruminal fluid collection with respect to time after 

feeding, particle size, transient changes in the rumen microbial population and diet 

selection. 

4.5 Conclusion 

The LW and BCS of the Merino but not the Dorper ewes decreased significantly when 

they were grazing wheat stubble. Based on the assessment of faecal n-alkanes, these 

differences between the breeds could be due to differences in DMI and/or diet selection, 

as the decrease in LW of Merino ewes was greatest during Weeks 4 and 6 of grazing, 

which corresponded to a change in several faecal n-alkanes over the same period. 

Further studies need to be conducted to understand if these production differences were 

a consequence of genetics, feed intake, diet selection or the efficiency of utilisation of 

acetic acid and consequently efficiency of feed utilisation.  
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CHAPTER 5: NUTRIENT DIGESTIBILITY AND RUMEN 

PARAMETERS IN MERINO AND DORPER SHEEP BREEDS FED 

LUCERNE CHAFF OR WHEATEN CHAFF 

5.1 Introduction 

In Australia there has been a move from more traditional breeds of sheep, such as the 

Merino to more exotic breeds, including the Dorper. This is due to the change from 

wool to sheep meat/prime lamb production, as many slaughter lambs are now being 

produced in poorer environments, where either the quality and/or quantity of feed are 

limited (Kilminster and Greef 2011). The success of the Dorper has resulted mainly due 

to its adaptability to produce marketable lambs under less than ideal pasture conditions.  

Differences in productivity of wool and fat-tailed sheep have been largely attributed to 

differences in grazing behaviour; however, Krebs et al. (2014) found differences in DM 

digestibility (DMD) and NDF digestibility (NDFD) between wool (Merino) and fat-

tailed (Dorper/Damara cross) sheep when fed a production pellet. Variations were also 

found in VFA concentrations and proportions, with both heptanoic acid and hexanoic 

acid concentrations and molar proportions being higher (p < 0.05) in the Dorper/Damara 

than in the Merino. The implications of these differences are unknown given the lack of 

information on the roles of hexanoic and heptanoic acids in the rumen and the impact(s) 

on animal production. 

Results of studies comparing digestibility in Dorper and Merino sheep have been 

variable. Engels et al. (1974) and de Waal and Biel (1989) found that digestibility (of 

the native South African pasture diet) did not differ between Merino and Dorper sheep; 

however, Schoeman (2000) and Mwenya (2003) found DMD was higher in Dorper 

sheep compared to a range of wool sheep breeds, including the Merino, when fed a diet 

of maize stover crop residue and natural South African pasture. As reported in Chapter 

4, when grazing wheat stubble production differences were found between Merino and 

Dorper ewes, with the Merinos losing weight while the Dorpers generally maintained 

weight. Based on the assessment of faecal n-alkanes, the production differences may 

have been due to differences in DMI and/or diet selection. However, other factors such 

as differences in nutrient digestibility and/or rumen parameters may have contributed to 

these production differences.  
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Thus a controlled animal house study was undertaken with the following aims: 

• to compare nutrient digestibility in Merino and Dorper sheep fed roughage based 

diets of varying nutritive value/quality; and  

• to compare rumen parameters including pH, NH3-N concentrations, VFA 

concentrations and proportions and ruminal fluid volumes and outflow rates of 

Merino and Dorper sheep fed roughage based diets of varying quality. 

5.2 Materials and Methods 

All trial procedures were undertaken with approval of CSU’s Animal Care and Ethics 

Committee (Protocol number: 12/036) and were compliant with the Animal Research 

Act 1985 (as amended). 

5.2.1 Experimental animals 

Twelve Merino wether weaners (44.4 ± 3.13 kg) and 12 Dorper (6 black-faced and 6 

white-faced) wether weaners (36.3 ± 5.72 kg) were sourced from two separate 

properties located near Wentworth in the rangelands of western NSW. All livestock 

were approximately 18 months of age. The black-faced, F4 Dorper sheep were sourced 

from “Oakbank Station” (34.018ºS, 141.673ºE). The white-faced, F4 Dorper sheep and 

the Merino sheep were sourced from “Bunnerungie Station” (33.57ºS, 141.731ºE). The 

animals were sourced from the same region in order to minimise potential differences in 

the composition of their rumen microbial populations and to minimise any differences 

that might occur due to environmental adaptation.  

Following transportation to the NSW DPI animal house located at Wagga Wagga NSW, 

the animals were left in outdoor yards over night, provided ad libitum access to wheaten 

hay and clean, fresh water before being transferred the following morning to individual 

pens in the animal house. At all times the animals were handled quietly to assist in their 

transition to penning. 

5.2.2 Housing 

The sheep were maintained, at varying times, in either individual pens (1.5 x 1.5 m) or 

metabolism cages (1 m x 1.5 m). The experimental period (Figure 5.1) comprised of a 

total of 24 d with a preliminary 10 d dietary and housing adaptation period, during 
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which the sheep were housed in individual pens, followed by 7 d collection period, 

during which the sheep were housed in metabolism crates fitted with appropriate faeces 

and urine collection facilities (see Chapter 3.3.1). Upon completion of the collection 

period the animals were returned to their (same) individual pens.  

 

Figure 5.1 Timeline of activities during the experimental period.  

5.2.3 Experimental design 

A two (diets) x two (sheep breeds) factorial design was used, giving four treatment 

groups with six replicates per treatment group. Animals were stratified based on 

genotype (black-faced or white-faced Dorpers) and were randomly allocated to each 

treatment group within strata, with six Merino, three black-faced Dorper and three 

white-faced Dorper wethers per treatment. 

5.2.4 Experimental diets 

Two roughage diets of varying nutritive value (deemed high and low quality) were 

used. The higher quality diet was lucerne chaff and the lower quality diet was wheaten 

chaff. The nutritive values of the two diets (determined by the NSW DPI – Feed Quality 

Service) are presented in Table 5.1. 

The animals were fed at a level equivalent to 2% of their LW on a DM basis (refer to 

Chapter 3.3). The daily feed allocation was fed at 0900 following the collection and 

weighing of feed refusals to determine daily feed intake. Fresh, clean water was 

available at all times.  
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Table 5.1 Nutritive value of the experimental diets (on DM basis). 

Parameter Lucerne chaff Wheaten chaff 

Dry matter (%) 97.8 98.9 

Crude protein (%) 15.0 6.1 

Metabolisable energy (MJ/kg DM) 9.67 8.92 

Organic matter (%) 90.8 94.5 

Neutral detergent fibre (%) 46.5 57.5 

Acid detergent fibre (%) 36.5 32.0 

5.2.5 Sample collection and analysis 

5.2.5.1 Nutrient digestibility 

Representative samples (0.5 kg) of each feed type were collected prior to feeding on 

every day of the collection period. Similarly, representative samples (15%) of daily feed 

refusals of individual sheep were collected following weighing (of the feed refusals). 

For the duration of the 7 d collection period the daily amount of faeces and urine voided 

by each animal was recorded and each day a representative sample of the voided faeces 

(15%) and urine (10%) were collected and stored at -18oC.   

The processing and subsequent analyses of these samples were as described in Chapter 

3.3 and 3.4, respectively. 

5.2.5.2 Rumen parameters  

A ruminal fluid sample (minimum of 10 mL) was collected from each animal on the last 

day of collection period. The samples were collected 3 h post feeding using a stomach 

tube (as described in Chapter 3.3.1).  The pH was immediately measured and recorded 

(see Chapter 3.3.1). The remaining ruminal fluid was processed for the subsequent 

analysis of VFA concentrations and proportions (see Chapter 3.5.5) and NH3-N 

concentrations (see Chapter 3.5.6). 
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5.2.6 Statistical analysis 

Differences in outcome measures between treatment groups were determined using the 

Mixed Model procedure in the SAS program (SAS Institute Inc., 1997). The analysis of 

LW, nutrient digestibility, ruminal NH3-N concentrations, and VFA concentrations and 

proportions included the fixed effects of ‘breed’ and ‘diet’ and the interaction between 

the fixed effects with the individual animal and pen as a random effect. A secondary 

analysis was also conducted to determine if there were differences in outcome measures 

between Dorper genotypes (black-faced versus white-faced). No difference between the 

two Dorper genotypes were found, therefore both were included in the final analysis as 

one (Dorper) genotype. A secondary analysis was also conducted to determine 

differences in total VFA concentrations and individual VFA proportions between breeds 

within each diet. Differences were significant when p < 0.05.  

5.3 Results 

5.3.1 Feed intake 

When fed either the lucerne or wheaten chaff diet, relative feed intake (offered at the 

rate of 2% LW) did not differ (p > 0.05) and therefore was not included as a factor in 

any further analysis. However, when total feed intake was measured, the Dorper sheep 

consumed significantly more (p < 0.05) feed than the Merino sheep, regardless of diet 

fed (Table 5.2). 

Table 5.2 Least squares mean (± SE) feed intake of Merino and Dorper sheep fed either lucerne 

chaff or wheaten chaff. 

Feed intake Lucerne chaff Wheaten chaff p - values 

Merino Dorper Merino Dorper Breed Diet Breed 

x diet 

Total (g/d) 606.0 

(± 46.33) 

763.83 

(± 46.33) 

590.50 

(± 46.32) 

778.20 

(± 50.75) 0.002 0.990 0.757 

Relative (g/kg 

LW/d) 

16.58 

(± 0.76) 

17.22 

(± 0.76) 

16.30 

(± 0.76) 

17.50 

(± 0.83) 0.255 0.996 0.721 
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5.3.2 Nutrient digestibility and nitrogen balance 

The effects of diet and animal breed on nutrient digestibility are shown in Table 5.3. 

The DMD, OM digestibility (OMD), CP digestibility (CPD) and ADF digestibility 

(ADFD) of lucerne chaff was significantly higher (p < 0.05) than that of wheaten chaff. 

Regardless of which diet was fed, DMD, OMD, CPD and ADFD did not differ (p > 

0.05) between the Dorper and Merino sheep. Neither diet nor animal breed had an effect 

(p > 0.05) on NDFD.  

As shown in Table 5.3, N balance was higher (p < 0.05) for sheep fed lucerne chaff 

(13.75 ± 0.81g/d) compared to those fed the wheaten chaff (2.03 ± 0.85 g/d). There was 

no difference (p > 0.05) in N balance between the Dorper and Merino sheep, regardless 

of which diet was fed. 

5.3.3 Ruminal ammonia concentrations 

Ruminal NH3-N concentrations were significantly higher (p < 0.05) in animals fed 

lucerne chaff (259.67 ± 12.21 mg NH3-N/L) compared to those fed wheaten chaff 

(29.78 ± 13.65 mg NH3-N/L, Table 5.4). Ruminal NH3-N concentrations did not differ 

(p > 0.05) between the Dorper and Merino sheep. 

5.3.4 Total VFA concentrations and proportions  

5.3.4.1 Total concentrations  

Total VFA concentrations were significantly higher (p < 0.05) in animals fed lucerne 

chaff (109.5 ± 3.16 mmol/L) compared to those fed wheaten chaff (62.64 ± 3.31 

mmol/L) (Table 5.4). Total VFA concentrations did not differ (p > 0.05) between the 

Dorper and Merino sheep.  

5.3.4.2 Proportions  

The molar proportions of individual VFA are presented in Table 5.4. The molar 

proportions of acetic, iso-butyric, iso-valeric and valeric acids were significantly higher 

(p < 0.05) in animals fed lucerne chaff compared to those fed wheaten chaff. 

Conversely, the molar proportions of propionic, butyric and hexanoic acids were 

significantly lower (p < 0.05) in animals fed lucerne chaff compared to those fed 

wheaten chaff. There was no difference (p > 0.05) in the molar proportions of heptanoic 

acid between the two diets. 
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Table 5.3 Least squares mean (± SE) feed intake, nutrient digestibility and N balance in Merino and Dorper sheep fed either lucerne chaff or wheaten chaff. 

Parameters1 

Lucerne chaff Wheaten chaff p values 

Merino Dorper Merino Dorper Breed Diet Breed x diet 

DMD (% DM) 55.4 

(± 2.22) 

55.1 

(± 2.03) 

47.2 

(± 2.22) 

51.0 

(± 2.22) 0.427 0.012 0.348 

OMD (% OM) 
60.9 

(± 1.89) 

60.6 

(± 1.73) 

53.5 

(± 1.89) 

57.0 

(± 1.89) 0.384 0.009 0.318 

CPD (% CP) 70.3 

(± 5.02) 

72.2 

(± 4.58) 

36.3 

(± 5.02) 

39.6 

(± 5.02) 0.604 <0.001 0.890 

NDFD (%) 37.3 

(± 2.48) 

37.0 

(± 2.26) 

31.5 

(± 2.48) 

36.7 

(± 2.48) 0.333 0.234 0.278 

ADFD (%) 39.1 

(± 3.27) 

38.5 

(± 2.99) 

19.7 

(± 3.27) 

31.0 

(± 3.27) 0.114 0.006 0.083 

N balance (g/d) 12.67 14.83 1.67 2.40    

 (± 1.15) (± 1.15) (± 1.15) (± 1.26) 0.234 <0.001 0.551 

 
1DMD = dry matter digestibility = DMD, OMD = organic matter digestibility; CPD = crude protein digestibility; NDFD = neutral detergent fibre digestibility, 
ADFD = acid detergent fibre digestibility 
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The molar proportion of iso-valeric acid was significantly higher (p < 0.05) in Dorper 

than in Merino sheep, regardless of the diet fed. However, within each diet type (lucerne 

chaff and wheaten chaff) there was no difference (p > 0.05) in the molar proportions of 

this acid between the two breeds. The molar proportions of iso-valeric acid was found to 

be significantly higher (p < 0.05) on the lucerne chaff diet compared to the wheaten 

chaff diet. When fed wheaten chaff, the molar proportion of hexanoic acid was 

significantly higher (p < 0.05) in Merino than in Dorper sheep.  However, when fed 

lucerne chaff there was no difference (p > 0.05) between the two breeds.  

Based on molar proportions, the ratio (Pr: Ac+2 x Bu) did not differ (p > 0.05) between 

diets.  However, when fed wheaten chaff, the ratio was significantly higher (p < 0.05) in 

Dorper than in Merino sheep; when fed lucerne chaff, the ratio did not differ (p > 0.05) 

between the two breeds.  The ratio (Ac: Pr) was significantly higher (p < 0.05) in 

animals fed lucerne chaff (3.71 ± 0.31%) than those fed wheaten chaff (2.69 ± 0.31%). 

For the Ac:Pr ratio the interaction between breed and diet was not significant (p > 0.05). 

When a secondary analysis of VFA proportions was conducted within each diet (see 

5.2.6), the proportion of propionic acid was significantly higher (p < 0.05) in the Dorper 

compared to the Merino wethers when fed wheaten chaff (28.28 ± 2.54% vs 21.54 ± 

2.53%), but not (p > 0.05) when fed lucerne chaff (20.03 ± 0.92% vs 18.17 ± 0.92%). 
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Table 5.4 Least squares mean (± SE) ruminal NH3-N concentrations, total volatile fatty acid (VFA) concentrations and individual VFA molar proportions in Merino 
and Dorper sheep fed either lucerne chaff or wheaten chaff. 

Diet Lucerne chaff Wheaten chaff p values 

Animal type Merino Dorper Merino Dorper Breed Diet Breed x diet 

Ammonia (mg NH3-N/L 
ruminal fluid) 

240.36 

(± 17.27) 

279.07 

(± 13.65) 

28.30 

(± 17.27) 

31.27 

(± 21.15) 0.270 < 0.001 0.342 

Total VFA concentrations 
(mmol/L)        

 105.64 

(± 4.47) 

113.36 

(± 4.47) 

57.42 

(± 4.47) 

67.87 

(± 4.90) 0.063 < 0.001 0.770 

VFA proportions (%)        

Acetic acid 68.86 

(± 2.79) 

64.36 

(± 3.66) 

57.04 

(± 3.20) 

54.85 

(± 3.07) 0.106 < 0.001 0.581 

Propionic acid 18.41 

(± 1.83) 

20.39 

(± 1.99) 

21.00 

(± 1.90) 

26.78 

(± 2.01) 0.039 0.019 0.294 

Butyric acid 7.42 8.25 17.07 13.86    

 (± 1.76) (± 2.24) (± 1.98) (± 1.93) 0.380 < 0.001 0.157 

Iso-butyric acid 0.95 1.01 0.35 0.52 0.110 < 0.001 0.474 
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Diet Lucerne chaff Wheaten chaff p values 

Animal type Merino Dorper Merino Dorper Breed Diet Breed x diet 

 (± 0.08) (± 0.10) (± 0.09) (± 0.09) 

Iso-valeric acid 0.89 

(± 0.08) 

1.06 

(± 0.08) 

0.23 

(± 0.08) 

0.44 

(± 0.09) 0.050 < 0.001 0.801 

Valeric acid 1.21b 

(± 0.14) 

1.53a 

(± 0.18) 

1.12b 

(± 0.16) 

0.97b 

(± 0.15) 0.403 0.004 0.033 

Hexanoic acid 0.08a 

(± 0.06) 

0.08a 

(± 0.06) 

0.43b 

(± 0.06) 

0.16a 

(± 0.07) 

 

0.0390 

 

0.002 

 

0.037 

Heptanoic acid <0.01 <0.01 <0.01 <0.01 0.354 0.354 0.354 

Pr:Ac + 2 x Bu1 0.22 

(± 0.03) 

0.24 

(±0.03) 

0.22 

(± 0.03) 

0.33 

(± 0.03) 0.027 0.103 0.194 

Acetic : propionic2 4.00 

(± 0.36) 

3.43 

(± 0.42) 

3.03 

(± 0.39) 

2.35 

(± 0.40) 0.073 0.005 0.875 

1Propionic acid: Acetic acid + 2 x Butyric acid = Pr:Ac+2xBu 
2 Acetic acid: Propionic acid = Ac:Pr 
*Means within each row with different superscripts differ significantly (p < 0.05).
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5.4 Discussion 

5.4.1 Feed intake 

The animals were fed the experimental diets at the rate of 2% LW on a DM basis. 

Despite there being some feed refusals recorded, over the duration of the experiment the 

average relative feed intake (g/kg BM) did not vary (p > 0.05) either between diets or 

between breeds. This may not have been the case if the feed had been provided ad 

libitum. Under grazing conditions with ad libitum feed intake, de Waal et al. (1981) 

found feed intake (W0.75 kg) was higher in Merino compared to Dorper sheep. 

Conversely, Chikagwa-Malunga et al. (2000) found no difference in DM intake in 

Dorper sheep compared to local Malawi sheep when given ad libitum access to feed.  

Total feed intake was higher (p < 0.050) in the Dorper compared to the Merino wethers. 

This was expected as the diets were fed based on the individual animal’s LW and the 

Dorper sheep were significantly heavier than the Merino sheep over the experimental 

period.  

5.4.2 Nutrient digestibility 

Differences in digestibility of nutrients between different feed types can be the result of 

differences in the physical/chemical properties of the plant itself and/or differences in 

the activity/efficiency of the rumen microbes (de Waal and Combrinck 2000). 

The DMD, OMD, CPD and ADFD of lucerne chaff were significantly higher (p < 0.05) 

than that of wheaten chaff. Dove and Robards (1974) similarly found the DMD of 

lucerne chaff (59.4%) was higher than that of wheaten hay (48.8%) when fed to Merino 

wethers.  

The OMD of the lucerne chaff (60%) was lower than that previously reported (62- 

74.6%) for lucerne hay (Hogan and Weston 1967; Egan et al. 1975) whilst the OMD of 

the wheaten chaff (55%) was similar to that reported for wheaten hay by Hogan and 

Weston (1967) (53%) but lower than that previously reported by Egan (1974); Egan et 

al. (1975) and Egan (1977) (65.3%, 62.3% and 60.2%, respectively).  

No differences (p > 0.05) in nutrient digestibility were found between the Dorper and 

Merino sheep. This lack of difference between these two breeds means that it is likely 

http://www.sciencedirect.com/science/article/pii/S0921448899001583#BIB11


69 

 

there was no difference in either: (i) the composition of the rumen microbial population; 

(ii) the activity/efficiency of the rumen microbes; and/or (iii) the rate of passage through 

the gastrointestinal tract. This is in contrast to Schoeman (2000) who found that Dorper 

sheep when fed ad libitum had higher DMD compared to Dohne Merinos and South 

African Mutton Merino sheep across various grazing environments in South Africa.  

Researchers have previously reported differences in DMD between Dorper and other 

breeds of sheep. In comparing Dorper and indigenous fat-tailed sheep, Mwenya et al. 

(2003) found DMD was higher in the Dorper. Similarly, Chikagwa et al. (2000) found 

Dorper sheep had higher DMD, CPD and NDFD than local Malawi sheep.  

The extent of digestion is the result of competition between the rates of digestion and 

passage. As passage rate increases, the digesta flowing from the rumen will contain 

greater amounts of undigested feed particles, resulting in a lower DMD (Varga and 

Kolver 1997). The results suggest that passage digesta rates do not differ between the 

Merino and Dorper sheep. This is investigated further in Chapter 7. 

5.4.3 Nitrogen balance 

Across all diets, the sheep were in positive N balance at the time of sampling; however, 

those fed wheaten chaff had a lower (p < 0.05) N balance compared to those fed lucerne 

chaff. This was a direct consequence of the lower N intake when fed wheaten chaff due 

to its lower CP content (compared to lucerne chaff). Independent of diet, there was no 

difference (p > 0.05) in N balance between the Merino and Dorper sheep. Data is not 

available on other studies comparing N balance between Merino and Dorper sheep; 

however, Chikagwa et al. (2000) found Dorper sheep had higher N retention than local 

Malawi sheep.  

5.4.4 Ruminal ammonia concentrations 

Ruminal NH3-N concentrations were significantly higher (p < 0.05) in sheep fed lucerne 

chaff compared to those fed wheaten chaff. This was expected as the lucerne chaff had a 

higher CP content than the wheaten chaff, and higher (rumen degradable) CP levels 

have a positive correlation with ruminal NH3-N concentrations (Satter and Slyter 1974). 

When fed the lucerne chaff diet, the average ruminal NH3-N concentration (259 mg 

NH3-N/L ruminal fluid) was similar to those reported by Pinares-Patino et al. (2003), 

Ulyatt et al (1986) and Hogan and Weston (1967). When fed the wheaten chaff diet, the 

average ruminal NH3-N concentration (29.78 mg NH3-N/L ruminal fluid) was similar to 
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that found by Hogan and Weston (1967) and Salem et al. (1996) for animals fed 

wheaten straw based diets. This result suggests that the wheaten chaff contained little, if 

any grain, which furthermore supports that this diet was indeed a low quality diet.   

Ammonia is an important N source for rumen bacteria (Nolan and Leng 1972). Satter 

and Slyter (1974) found 50-80 mg NH3-N/L was optimal for the growth of rumen 

bacteria.  When fed wheaten chaff, ruminal NH3-N concentrations were well below this 

(29.78 mg NH3-N/L) and would have contributed to the lower nutrient digestibilities 

(compared to that of lucerne chaff). An unexpected result was that despite the very low 

ruminal NH3-N concentrations, the sheep fed wheaten chaff were still in a positive N 

balance.  

Ruminal NH3-N concentrations did not differ (p > 0.05) between the Dorper and Merino 

sheep; however, in the literature evidence does exist of differences between other 

(ruminant) species.  In comparing B. indicus and B. taurus cattle, Hunter and Siebert 

(1985) found that ruminal NH3-N concentrations were higher in B. indicus cattle when 

fed a diet that was deficient in N, like that of the wheaten chaff, but when N was not 

deficient there was no difference between these breeds. The differences observed on the 

low N diet were attributed to differences in N recycling between the two species.  

In comparing across ruminant species, Watson and Norton (1982) found that compared 

to sheep, Angora goats sustained a higher ruminal NH3-N concentration when fed on 

low quality forage (pangola grass). This difference was attributed to higher rumen 

microbial growth and greater fibre digestion.  

5.4.5 Total VFA concentrations and proportions  

There are a number of factors that may influence the concentrations and proportions of 

individual VFA in the rumen. Sudden pulses of feed to the rumen rather than a steady 

influx may apply considerable ‘substrate pressure’ to ruminal fermentation reactions 

and may change the ATP: ADP ratio in cells, the balance of VFA produced and the 

balance of VFA to cellular material synthesised (Hegarty 2004). Proportions of 

individual VFA are influenced by the composition of OM in the diet, mainly by the 

nature and the rate of fermentation of carbohydrates.  

Total VFA concentrations were significantly higher (p < 0.05) in animals fed lucerne 

chaff compared to those fed wheaten chaff This was expected because the lucerne 
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contained higher levels of CP and ME compared to wheaten chaff. Hogan and Western 

(1967) similarly found that where animals were fed chopped lucerne and wheaten hay, 

total VFA concentration was higher on lucerne (113 mmol/L) compared to wheaten hay 

(56 mmol/L).  

The molar proportion of acetic acid was previously lower, while the proportion of 

propionic and butyric acid was higher (p < 0.05) when sheep were fed a diet high in 

starch (Marounek et al., 1985). The fermentation pattern observed in the current study 

could have occurred if the wheaten chaff diet was higher in starch content compared 

with the lucerne chaff diet. However, the starch content was not able to be measured in 

the current study and there was no indication that the wheaten chaff diet contained 

wheat grain high in starch, therefore, the basis for the different VFA fermentation 

patterns remains unknown. 

Although the interaction between breed and diet was not significant (p < 0.05) for the 

proportion of propionic acid in ruminal fluid, results from a secondary analysis between 

breeds within each diet showed that the proportion of propionic acid was higher (p < 

0.05) in ruminal fluid from the Dorper than in the Merino sheep when fed the wheaten 

chaff, but not the lucerne chaff. The ratio of Pr: Ac+2xBu was significantly higher (p < 

0.05) in the Dorper compared to the Merino sheep. This ratio was also significantly 

higher for the wheaten chaff diet compared to the lucerne chaff diet. This higher 

proportion of propionic acid and higher ratio of Pr:Ac+2xBu when Dorpers were fed 

wheaten chaff may be an important finding as it may account for the significantly higher 

production responses of Dorper compared to Merino sheep observed previously, 

especially when fed on low quality roughage diets (Scanlon et al. 2013). Propionic acid 

is important in the formation of glucose; if all the propionic acid produced in the rumen 

was converted to glucose, it could adequately provide the animal’s entire glucose 

requirement (Yost et al. 1977). Propionic acid serves as a major substrate for 

gluconegenesis, which is critical to the ruminant because almost no glucose reaches the 

small intestine for absorption (Dijkstra 1994). Increasing the molar proportion of 

propionic acid potentially increases relative glucose synthesis; thus potentially, relative 

glucose synthesis may be higher in Dorper compared to Merino sheep. Although there 

was no difference in digestibility between the breeds, the difference in propionic acid 

proportions may indicate that energy utilisation was higher when the Dorper sheep 
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consumed the low quality wheaten chaff diet, as digestibility is only an indication of 

ME. 

There is little research on the link between branched-chain fatty acids (iso-valeric and 

iso-butyric acids) or longer chained fatty acids (hexanoic and heptanoic acids). The 

concentrations and proportions of branched-chain VFA in the rumen are dependent on 

the rate and extent of digestion, microbial protein and on the rate of absorption of the 

acids produced (Annison 1954). The lower proportions of iso-butyric and iso-valeric 

acids when fed the wheaten diet could be associated to a decreased growth rate of 

several strains of both cellulolytic and non-cellulolytic rumen bacteria (Allison et al. 

1961). The link between these fatty acids and production responses between breeds 

requires further examination.  

5.5 Conclusion 

The digestibility of both a high (lucerne) and low (wheaten) quality roughage diet did 

not differ between Merino and Dorper wethers in the current study. This suggests that 

production differences between these two breeds exhibited when grazing low quality 

diets may be the result of either differences in diet selection or differences in energy 

metabolism as a consequence of differences in the end-products of rumen fermentation, 

in particular increased proportions of propionic acid and a higher ratio of Pr:Ac+2xBu.  
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CHAPTER 6: DIFFERENCES IN PRODUCTION LEVELS, DIET 

SELECTION AND RUMINAL PARAMETERS IN MERINO AND 

DORPER SHEEP BREEDS GRAZING WINTER WHEAT, 

LUCERNE/CLOVER MIX PASTURE OR CANOLA. 

6.1 Introduction 

Ruminants graze a variety of diets and this is influenced by the agricultural region in 

which they are located. For example, in the mixed-farming zone (this is the interaction 

of cropping and livestock enterprise) the diet of grazing animals may include pastures as 

well as dual purpose crops. In the temperate regions of southern Australia, most dryland 

pasture systems for sheep and cattle are based on summer-dormant cultivars of 

perennial ryegrasses (Lolium perenne) or phalaris (Phalaris aquatic) with subterranean 

clover (Trifolium subterraneum). Lucerne (Medicago sativa) and oats (Avena sativa) 

have also been traditionally used as either fresh or conserved forage. However, due to 

an increase in the incidence of feed shortages during the winter months there has been 

an increased demand for other forages to meet the feed needs of grazing ruminants. An 

approach to supply feed during this time has been through the early sowing of a cereal 

crop, either for grazing or for the ‘dual purpose’ of grazing and grain production (Dove 

and Kelman 2015). Dual-purpose crops are used as feed for livestock in a number of 

ways; as grain and straw, as a green pasture or standing mature crop or as cereal stubble 

(Valiente et al. 2003). Winter wheat (Triticum aestivum) and rape/canola (Brassica 

napus) are examples of dual-purpose crops grown for both forage and grain/seed 

production. Winter wheat along with lucerne and clover are now important forage 

systems to fill the winter feed gap in southern Australia due to their high nutritive value 

in terms of digestibility and protein content (Dove and McMullen 2009; Dove and 

Kirkegaard 2014). Utilisation of dual-purpose crops such as winter wheat has led to an 

increase of mixed-farming systems, which allows for an increase in livestock stocking 

rates over winter as a consequence of increased forage supply and also provides an 

income from forage and grain (Dove et al. 2012). 

In recent years, the introduction of canola has been made to mixed-farming systems as it 

provides excellent rotational benefits (Sprague et al. 2015) and is a ‘break-crop’ due to 

its ability to combat weeds and disease in traditional cropping areas (Kirkgaard et al. 

2008). Since the introduction of long-season winter-type canola there has been an 
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increase in grazing opportunities and a wider sowing window, similar to that of long 

season winter wheats (Kirkegaard et al. 2008; 2012).  

There is limited information regarding potential differences in diet selection and 

subsequent animal production and rumen parameters between Merino and Dorper sheep 

when grazing high quality diets such as winter wheat, lucerne, clover and canola. Diet 

selection can be determined through the use of plant-wax markers in faecal samples. 

Waxes found on the external surface of the plant, some known as n-alkanes, are 

relatively inert long chain saturated hydrocarbons (C21- C37) which can be recovered in 

faeces, depending on their C-chain length (Bugalho et al. 2004; Dove and Mayes 2005). 

It is through the measurement of these n-alkanes that estimations of diet selection can 

be made. The use of n-alkanes to measure diet composition of grazing animals is limited 

to simple pasture compositions and is considered unsuitable for animals grazing 

complex pastures (Lee and MacGregor 2004). 

As reported in Chapter 4, the LW and BCS of the Merino but not the Dorper ewes 

decreased significantly when they were grazing wheat stubble.  Based on the assessment 

of faecal n-alkanes, these differences between the breeds could be due to differences in 

intake and/or diet selection. However, under animal house conditions (Chapter 5) no 

breed differences were found in the digestibility of two roughage diets differing in 

quality. This suggests that production differences between these two breeds exhibited 

when grazing low quality diets are thus the result of either differences in diet selection 

and/or differences in energy metabolism as a consequence of differences in the end-

products of rumen fermentation. 

Little is known if differences exist between Merino and Dorper sheep when grazing on 

high quality diets therefore three grazing trials were undertaken with the objective of 

determining if there were differences in LW gain, BCS, ruminal VFA total 

concentrations and proportions, ruminal NH3-N concentrations and faecal n-alkane 

profiles between these two breeds when grazing on winter wheat (Experiment 1), 

lucerne/clover mix pasture (Experiment 2) and winter wheat or canola (Experiment 3).  

The main aims of these grazing trials were as follows:  

• To determine whether animal production parameters, including LW gain and 

BCS, differ between Merino and Dorper sheep when grazing high quality diets. 
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• To determine whether ruminal VFA concentrations and proportions and NH3-N 

concentrations differ between Merino and Dorper sheep grazing these diets, and 

whether these rumen parameters are linked to differences in animal 

performance. 

• To determine whether diet selection, measured by faecal n-alkane profiles, differ 

between Merino and Dorper sheep and whether these differences are linked to 

changes in rumen parameters and/or animal performance. 

6. 2 Materials and Methods 

6.2.1 Site location  
The grazing trials, approved by CSU’s Animal Care and Ethics Committee (Protocol No 

12/101), were conducted on the NSW DPI Wagga Wagga Agricultural Institute Farm 

(35.05°S, 147.35°E; elevation 219 m). Details of the location have been previously 

described in Chapter 3.1 - 3.2. The first grazing trial (Experiment 1) involved ewes 

lambing and subsequently lactating while grazing on winter wheat from the 27th June to 

the 14th August (48 d). The second grazing trial (Experiment 2) involved the same ewes 

and their unweaned lambs grazing lucerne/clover mix pastures and was undertaken from 

the 14th August to the 25th September (42 d). Experiment 3 was conducted in the 

following year over the period from 19th June to 12th August and involved ewes lambing 

and subsequently lactating when grazing either winter wheat or canola. The average 

daily temperature over the experimental periods was 14.6, 16.1 and 14.2oC, while the 

total rainfall recorded over the experimental periods was 128.7, 80.2 and 100.3 mm for 

Experiments 1, 2 and 3, respectively. 

6.2.1.1 Experiment 1: Winter wheat  

The experimental site was divided into nine 0.93 ha plots, which was dry sown on the 

18th April 2013 with a dual-purpose wheat (EGA Wedgetail). Due to low initial plant 

growth the plots were top-dressed with urea (80 kg/ha) on the 11th June to boost plant 

growth and therefore feed availability prior to grazing.  

6.2.1.2 Experiment 2: Lucerne/clover  

Nine 2.2 ha plots were established in a previously sown mixed pasture consisting of 

lucerne (Genesis, seeded at 4 kg/ha), subterranean clover (Riverina, 1 kg/ha), arrowleaf 

clover (Trifolium vesiculosum - Zulu 1.5 kg/ha) and gland clover (Trifolium 

glanduliferum - Prima 1 kg/ha).  
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6.2.1.3 Experiment 3: Winter wheat and canola 

The same field area used for Experiment 1 was used. Fences were removed to produce 

six plots each 1.86 ha in size. Plots were sown to either dual-purpose wheat or canola, 

with three replicates for each crop type. Canola (cv. Hyola 971) was sown on the 8th 

April at a rate of 4.1 kg/ha and fertilised with 81 kg/ha of mono-ammonium phosphate 

(MAP). Wheat (cv. EGA Wedgetail) was sown on the 9th April at a rate of 80 kg/ha and 

fertilised with 80 kg MAP/ha. On the 17th of May, the canola plots were sprayed with 

Elantra Extreme (190 mL/ha) and the wheat plots were sprayed with Monza (25 g/ha) to 

control grass weeds. 

6.2.2 Animals 

6.2.2.1 Experiments 1 and 2  

Forty CentrePlus Merino ewes (74.72 ± 1.68 kg) and 70 Dorper ewes (81.21 ± 1.20 kg) 

were sourced from two separate properties in NSW. The Dorper ewes (born 2011) were 

sourced from “Burrawang West Station”, Ootha (33.142ºS, 147.564ºE), while the 

Merino ewes (born 2008) were sourced from the CSU research flock, Wagga Wagga 

(35.05°S, 147.35°E). These trials were part of an already established trial, which was 

why breed numbers differed as it was based on lamb genotype. The Dorper and Merino 

ewes were joined for 35 d from 6th February. Forty Merino ewes and 35 Dorper ewes 

were joined to three White Suffolk rams, and 35 Dorper ewes were joined to two White 

Dorper rams. Thus there were three groups of mated ewes (and consequently three lamb 

genotypes), viz Dorper ewes joined to Dorper rams (D x D), Dorper ewes joined to 

White Suffolk rams (WS x D) and Merino ewes joined to White Suffolk rams (WS x 

M). 

On the 27th June, the ewes were weighed, their BCS assessed and allocated to the wheat 

plots (Experiment 1) with three replicates for each lamb genotype. Therefore, there were 

six plots with Dorper ewes (3 of D x D and 3 of WS x D) and three plots with Merino 

ewes (WS x D). Nine ewes were allocated to each plot (stocking rate 10 ewes/ha) based 

on scanning data; with three single bearing ewes and six twin-bearing ewes per plot. 

Daily lambing rounds commenced from 28th June with the first lamb born on 1st July 

and the final lamb born on the 29th July. After weighing on 14th August, the ewes and 

their unweaned lambs were moved to lucerne/clover mixed pasture (Experiment 2). 

Replicates were maintained as for Experimental 1.  
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During Experiment 1, the pregnant ewes were provided grain-based pellets at a rate of 

0.5 kg/hd on 27th June, 1st July and 3rd July (1.5 kg/hd total) to assist transition to wheat 

and to minimise the risk of pregnancy toxaemia. Due to this, the adaptation period to the 

diet started on the 4th July (see Figure 6.1). A mineral supplement (magnesium oxide, 

lime and salt in a 2:2:1 mix) was also supplied to the ewes at an allowance of 25 g/hd/d.  

6.2.2.2 Experiment 3 
One hundred and fifty-two ewes, consisting of 54 Merino ewes (80.62 ± 1.35 kg) and 98 

Dorper ewes (81.82 ± 1.00 kg), were joined from 17 February to 31 March 2014. The 

Merino ewes (born 2008) and 49 of the Dorper ewes (born 2011) were joined to four 

White Suffolk rams. The remaining 49 Dorper ewes were joined to two Dorper rams, 

resulting in three treatment flocks with different lamb genotypes: White Suffolk x 

Merino (WS x M), White Suffolk x Dorper (WS x D) and Dorper x Dorper (D x D). 

Plot allocation was stratified according to pregnancy status and then allocated to 

treatment group within strata. Six ewes per lamb genotype were allocated to each plot 

and grazed it in common. A further six non-experimental ewes (four pregnant and two 

dry ewes) were also added so that 24 ewes grazed each plot at the commencement of 

grazing (i.e. a stocking rate of 13 ewes/ha). This experiment had a randomised block 

design with a 2 x 2 factorial treatment structure (two diets, two breeds and three 

replicates). 

For the three dual-purpose wheat plots, 1.5 kg of mineral supplement was provided ad 

libitum as a loose lick to the ewes. The supplement consisted of 600 g of magnesium 

oxide, 600 g of lime and 300 g of salt (McGrath et al. 2015) while no supplement was 

provided to ewes grazing canola, based on recommendations of Dove et al. (2012). 

6.2.3 Data collection 
Details of the type and schedule of data collection for the three grazing trials are 

presented in Figure 6.1 (Experiment 1: winter wheat), Figure 6.2 (Experiment 2: 

lucerne/clover mix pasture) and Figure 6.3 (Experiment 3: winter wheat and canola).  
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Figure 6.1 Data collection schedule of Experiment 1 when ewes and lambs were grazing on 

winter wheat. 

 

Figure 6.2 Data collection schedule of Experiment 2 when ewes and their lambs were grazing 

on lucerne/clover mix pasture. 

 

Figure 6.3 Data collection schedule of Experiment 3 when ewes and lambs were grazing on 

winter wheat or canola. 

For each of the grazing trials, ewe LW and BCS were recorded immediately prior to 

introduction to their grazing plot, then on approximately a fortnightly basis during 

grazing and immediately following removal from their grazing plot. Ewe LW and BCS 

was taken/assessed at approximately the same time (of day) each week. Refer to 

Chapter 3, section 2.2 for further details on the measurement of LW and assessment of 

BCS. 

Feed-on-offer was measured using a 0.25 m2 (70 cm x 35 cm) quadrant and then 50 

visual assessments. It was measured prior to introduction to the grazing plots, on 

approximately a fortnightly basis during grazing and directly following removal of the 

animals from the grazing plots. Refer to Chapter 3, section 2.1 for further details of 

FOO assessment methods. Plant material of the wheat and lucerne/clover mix pasture 

was hand-plucked from the plot on the same schedule as used for assessing FOO. A 

sample was taken at every seven strides, in a diagonal fashion in each of the grazing 
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plots. This was to simulate the grazing patterns of the animal and provide a sample 

representative of the pasture available to the animal at a given time.  

After the animals were first allocated to their treatment groups ruminal fluids were 

collected after an adaptation period of 14 d (Figures 6.1, 6.2 and 6.3) and again 28 and 

42 d later (Weeks 2, 4 and 6). For each of the collection periods (over the three 

experimental trials), 18 Dorper (3 x 6 plots) and 18 Merino ewes (6 x 3 plots) were 

randomly selected for the collection of ruminal fluid. The sample was collected using a 

stomch tube, which was passed through the mouth and down the oesophagus into the 

rumen. Each sample was assessed for saliva contamination, and if contaminated the 

sample was discarded and another was taken. Approximately 20 mL of ruminal fluid 

was decanted into a plactic container and placed on ice until further processing. Refer to 

Chapter 3, section 3.3.3 for further details about sample collection and analysis of 

ruminal VFA and NH3-N concentrations.  

Faecal samples were collected 14 d after the start of the experimental period and again 

28 and 42 d later (weeks 2, 4 and 6). The samples were collected on the same days as 

the ruminal fluid samples. Three fresh faecal samples per genotype per plot were 

collected at the same time the selected animals were being weighed and having their 

BCS assessed. Following collection, the samples were placed on ice until processing. 

Refer to Chapter 3, section 5.7 for further details relating to faecal sample collection and 

analysis of faecal n-alkanes.  

6.2.4 Statistical analysis 

Differences in outcome measures between treatment groups were determined using the 

Mixed Model procedure in the SAS program (SAS Institute Inc., 1997). Prior to 

analysis, the data was assessed for linearity and normality assumptions. The ruminal 

NH3-N concentrations on the winter wheat diet (Experiment 1) was positively skewed 

and was thus transformed using a square root transformation (Tabachnick and Fidell 

2001), and an outlier was excluded prior to analysis. In the winter wheat and canola trial 

(experiment 3) two Merino ewes on the canola died due to dystocia between day 0 and 

day 14. These animals were excluded from the analyses after day 0. For Experiments 1 

and 2, the analysis of LW, BCS, ruminal NH3-N concentration, VFA concentrations and 

proportions and faecal n-alkanes included the fixed effects of 'lamb genotype' and 'week' 

and the interaction between fixed effects, while for Experiment 3 the analysis included 
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the fixed effects of 'lamb genotype', 'diet' and 'week' and the interaction between fixed 

effects. Analyses included the individual animal and plot as random effects. As the 

difference between the WS x D vs D x D lamb genotypes was not significant in any 

experiment (for example, for LW, Experiment 1 winter wheat, p  = 0.981; Experiment 2 

lucerne/clover mix pasture, p = 1.024; Experiment 3, winter wheat, p = 0.091 and 

canola p = 0.070), a secondary analysis was conducted with ewe breed and week as 

fixed effects and data are presented for these main effects (Merino vs Dorper). 

6.3 Results 

6.3.1 Quantity and quality of feed 

The availability (FOO) and average nutritive values of the available feed at the 

commencement and completion of the three grazing trials is presented in Table 6.1. 

Table 6.1 Feed on offer (FOO) and estimated nutritive value of the available pasture at the 

commencement and completion of grazing for the three experiments. 

Parameter1 Experiment 1  Experiment 2  Experiment 3 

Winter wheat  Lucerne/clover  Winter wheat  Canola 

Start Finish  Start Finish  Start Finish  Start Finish 

Feed on offer 

(kg DM/ha) 

330 635  2386 4387  2607 1487  2297 1285 

DM (%) 85.4 80.1  79.9 74.3  85.4 80.1  76.8 76.0 

CP (%) 30.5 34.4  31.2 24.6  22.8 18.7  25.7 14.5 

ME (MJ/kg DM) 13.1 12.1  12.1 11.1  14.5 13.8  14.4 11.8 

OM (%) 85.3 83.2  90.4 91.2  89.7 89.7  89.0 90.3 

NDF (%) 30.3 38.6  18.0 22.6  40.3  48.3   26.3 27.0 

ADF (%) 17.2 22.2  13.6 14.7  16.7 17.3  21.3 25.7 

1DM = Dry Matter, CP = Crude Protein, ME = Metabolisable Energy, OM = Organic Matter, NDF = 
Neutral Detergent Fibre, ADF = Acid Detergent Fibre. 

For Experiments 1 and 3, the pastures were monoculture. For Experiment 2, because it 

was a mixed pasture, the collected pasture samples were sorted into each plant species 

(Table 6.2), and the nutritive value was estimated based on the proportion of each plant 
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species. The species composition of the lucerne/clover mix pasture varied, with the 

proportion of lucerne increasing and that of clovers decreasing over the grazing period. 

Table 6.2 Proportion of each plant species at the start and completion of grazing the 

lucerne/clover mix pasture. 

Plant species Proportion of total pasture (%) 

Start of grazing Cessation of grazing 

Lucerne 46.3 67.2 

Subterranean clover 31.6 22.3 

Arrowleaf clover 14.7 7.0 

Gland clover 7.4 3.5 

6.3.2 Live weight and body condition score 

The LW and BCS are presented as measurements between breeds at the commencement 

and conclusion of grazing for Experiments 1 and 2 (winter wheat and lucerne/clover 

mix pasture), and Experiment 3 as shown in Tables 6.3 and 6.4, respectively. For all 

three grazing trials, the average LW of the Dorper ewes (81.21 ± 1.20 kg) was 

significantly higher (p < 0.05) than that of the Merino ewes (74.72 ± 1.68 kg). 

Similarly, the BCS of the Dorper sheep (3.49 ± 0.03) was significantly higher (p < 0.05) 

than that of the Merino ewes (2.83 ± 0.05).  

Table 6.3 Mean (± SE) live weight and body condition score (BCS) of Dorper and Merino ewes 

when grazing winter wheat (Experiment 1) or lucerne/clover mix pasture (Experiment 2). 

Parameter Merino Dorper p - value 

Breed 
(B) 

Week 
(W) 

B x W 

Winter wheat      

Live weight (kg) 74.38 (± 1.43) 81.34 (± 1.02) < 0.001 < 0.001 0.0012 

BCS 2.91 (± 0.05) 3.45 (± 0.04) < 0.001 0.0037 < 0.001 

Lucerne/clover      

Live weight (kg) 76.59 (± 1.48) 80.49 (± 1.05) 0.033 < 0.001 0.6950 

BCS 3.08 (± 0.05) 3.60 (± 0.04) < 0.001 < 0.001 0.2298 
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Table 6.4 Mean (± SE) live weight and body condition score (BCS) of Dorper and Merino ewes 

when grazing either winter wheat or canola.  

Parameter Merino Dorper p - value 

Breed (B) Diet (D) Week (W) B x D x 
W 

Liveweight 
(kg)1 

82.90 

(± 0.64) 

84.38 

(± 0.87) 

0.058 0.031 < 0.001 0.009 

BCS 3.49 

(± 0.04) 

4.04 

(± 0.03) 

< 0.001 0.819 < 0.001 0.547 

1Pre-treatment LW was included in the model as a co-variate. 

6.3.1.1 Experiment 1 

Pregnancy status of the ewe was measured as a covariant and found to be significant (p 

< 0.05). Taking pregnancy status (p = 0.0022) into account, the Dorper ewes were 

significantly heavier (p < 0.05) than the Merino ewes, as shown in Table 6.3 and Figure 

6.4. Independent of breed, the average LW was significantly higher on Day 0 and Day 

13 compared to Days 27, 41 and 48. This was expected due to the effect of foetus and 

placenta on ewe LW in late pregnancy, as most of the ewes had lambed by Day 27 of 

the experiment.  
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Figure 6.4 Change in mean live weight of Merino (●) and Dorper (○) ewes grazing winter 

wheat. The broken line indicates the period during which lambing ceased. Error bars are the 

standard error of the least square means. 

Independent of breed the BCS of the ewes was significantly higher (p < 0.05) at the 

cessation compared to at the commencement of grazing.  Pregnancy status on ewe BCS 

also was significant (p = 0.0009). On average, the Dorper ewes had a significantly 

higher (p < 0.05) average BCS (3.49 ± 0.03) than that of the Merino ewes (2.83 ± 0.05). 

However, over the grazing period the BCS of the Merino ewes increased (p < 0.05) 

while that of the Dorper ewes did not change (p > 0.05), as shown in Figure 6.5. 
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Figure 6.5 Change in mean body condition score of Merino (●) and Dorper (○) ewes grazing 

winter wheat. The broken line indicates the period during which lambing had ceased. Error bars 

are the standard error of the least square means. 

6.3.1.2 Experiment 2 
Independent of breed and taking into account the lamb status of the ewe, the average 

LW of the ewes was significantly higher (p < 0.05) at Day 48 compared to Days 0, 14 

and 28 of grazing on lucerne/clover mix pasture. As shown in Figure 6.6, over the 

period of grazing period the average LW of the Dorper ewes (80.55 ± 1.16 kg) was 

significantly higher (p < 0.05) than that of the Merino ewes (76.15 ± 1.62 kg), even 

when lamb status of the ewe was significant (p = 0.0162). 
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Figure 6.6 Change in mean body condition score of Merino (●) and Dorper (○) ewes grazing 

lucerne/clover mix pasture. Error bars are the standard error of the least square means. 

As shown in Figure 6.7, independent of breed, BCS of the ewes was signicantly higher 

(p < 0.05) at Days 28 and 42 compared to Days 0 and 14 of grazing on lucerne/clover 

mix pasture. The average BCS of the Dorper ewes (3.61 ± 0.04) over the period of 

grazing was significantly higher (p < 0.05) than that of the Merino ewes (3.08 ± 0.05), 

when ‘lamb’ as a covarient was significant (p < 0.001). For both the Dorper and the 

Merino ewes, BCS was significantly higher at Day 42 (3.71 ± 0.04 and 3.23 ± 0.06, 

respectively) compared to Day 0 (3.51 ± 0.04 and 2.93± 0.06, respectively).  
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Figure 6.7 Change in mean body condition score of Merino (●) and Dorper (○) ewes grazing 

lucerne/clover mix pasture. Error bars are the standard error of the least square means. 

6.3.1.2 Experiment 3 

The change in average LW of the Dorper and Merino ewes grazing either winter wheat 

or canola is presented in Figure 6.8. Independent of sheep breed, average LW was 

significantly higher (p < 0.05) in the ewes grazing winter wheat (83.45 ± 0.90 kg) than 

those grazing canola (86.21 ± 0.90 kg). Independent of diet, the average LW of the 

Merino and Dorper ewes was significantly higher (p < 0.05) at Day 0 (84.15 ± 0.97 kg) 

compared to Day 54 of the grazing period (77.79 ± 0.96 kg); this was expected as the 

ewes lambed during the trial period. 

Merino ewes grazing the canola were significantly lighter (p < 0.05) on Days 0, 14 and 

28, compared to the Merino ewes grazing winter wheat and the Dorper ewes grazing 

either winter wheat or canola. However, on Day 54 (the cessation of grazing) the 

Merino ewes grazing the winter wheat were significantly lighter (p < 0.05) than the 

Merino ewes grazing the canola and the Dorper ewes grazing either the winter wheat or 

canola. 
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Figure 6.8 Change in mean live weight of Merino (●) and Dorper (○) ewes grazing winter 

wheat and Merino (■) and Dorper (□) ewes grazing canola. The broken line indicates the period 

during which lambing had ceased. Error bars are the standard error of the least square means.  

Over the grazing period, the average BCS of Dorper ewes (3.90 ± 0.06) was 

significantly higher (p < 0.05) than that of the Merino ewes (3.51 ± 0.06), independent 

of diet. For both of the diets, the BCS of both the Merino and Dorper ewes declined 

significantly (p < 0.05) over the grazing period (Figure 6.9). Independent of sheep 

breed, there was no difference (p > 0.05) in the BCS between the diets.  

Dorper ewes had significantly higher (p < 0.05) BCS on Days 0, 14 and 28 on both the 

winter wheat and canola compared to the Merino ewes grazing either of these forages. 

However, on Days 42 and 54 there were no significant differences in BCS between (p > 

0.05) between Dorper ewes and Merino ewes grazing either winter wheat or canola. 
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Figure 6.9 Change in mean body condition score of Merino (●) and Dorper (○) ewes grazing 

winter wheat and Merino (■) and Dorper (□) ewes grazing canola. The broken line indicates the 

period during which lambing had ceased. Error bars are the standard error of the least square 

means. 

6.3.2 Faecal n-alkanes 

6.3.2.1 Experiment 1 
The average concentrations of faecal n-alkanes (C22 – C35) of the Merino and Dorper 

ewes grazing winter wheat are presented in Table 6.5. Independent of the sample period, 

the average concentrations of the various n-alkanes (C22 - C35) did not vary (p > 0.05) 

between the Dorper and Merino ewes. Generally there were no temporal differences in 

the concentrations of individual n-alkanes, with the exception of C25 (Figure 6.10), 

with the concentration being significantly higher (p < 0.05) in Week 2 (79.20 ± 2.75 

ppm) compared to Weeks 4 and 6 (60.58 ± 2.75 ppm; 65.64 ± 2.75 ppm, respectively), 

independent of sheep breed. 
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Table 6.5 Least squares mean (± SE) faecal (p < 0.05) n-alkane concentrations (ppm) of Merino and Dorper sheep grazing winter wheat. 

n-alkanes Merino Dorper p - value 

Breed Week Breed x week 

C22 19.91 (± 1.81) 19.58 (± 1.43) 0.889 0.855 0.636 

C24 3900.41 (± 36.78) 3852.43 (± 36.78) 0.364 0.164 0.808 

C25 66.91 (± 2.25) 70.03 (± 2.25) 0.334 0.001 0.505 

C27 144.00 (± 5.18) 151.36 (± 5.18) 0.323 0.063 0.235 

C29 243.55 (± 9.05) 252.08 (± 9.05) 0.510 0.074 0.336 

C31 1126.25 (± 46.14) 1162.95 (± 46.14) 0.578 0.076 0.234 

C32 27.29 (± 1.94) 26.63 (± 1.87) 0.811 0.924 0.241 

C33 1631.99 (± 59.51) 1725.10 (± 65.70) 0.304 0.057 0.112 

C34 4029.24 (± 36.91) 3985.57 (± 34.75) 0.399 0.786 0.644 

C35 52.45 (± 2.40) 51.85 (± 2.25) 0.859 0.566 0.092 
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Figure 6.10 Temporal changes in the concentrations of C25 faecal n-alkanes for Merino (●) and 

Dorper (○) ewes grazing winter wheat. Error bars are the standard error of the least square 

means. 

6.3.2.2 Experiment 2 

The average concentrations of faecal n-alkanes (C22 – C35) of Merino and Dorper ewes 

grazing lucerne/clover mix pasture are presented in Table 6.6. A breed difference was 

found in the concentrations of n-alkane C27, with the average concentration of this n-

alkane being significantly higher (p < 0.05) in the Dorper (290.59 ± 10.04 ppm) 

compared to the Merino (258.85 ± 10.04 ppm) ewes.  

There were a number of n-alkanes where there were temporal changes in concentrations 

(Figure 6.11). The concentrations of C25 and C30 were significantly lower (p < 0.05) in 

Week 2 (57.00 ± 3.40 and 68.59 ± 3.92 ppm, respectively) compared to Weeks 4 (68.61 

± 3.40 and 85.33 ± 3.92 ppm, respectively) and 6 (68.28 ± 3.40 and 90.88 ± 3.92 ppm, 

respectively) of the experimental period, independent of breed. The average 

concentrations of C28 and C29 were significantly lower (p < 0.05) in Week 2 (36.97 ± 

2.64 and 1627.85 ± 108.67 ppm, respectively) compared to Week 4 (52.42 ± 2.64 and 

2064.51 ± 108.67 ppm, respectively), and significantly lower (p < 0.05) in Week 4 

compared to week 6 (61.63 ± 2.64 and 2452.81 ± 108.67 ppm, respectively), 

independent of sheep breed. 
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Table 6.6 Least squares mean (± SE) faecal n-alkane concentrations (ppm) of Merino and Dorper sheep grazing on lucerne/clover mix pasture. 

n-alkanes Merino Dorper p - value 

Breed Week Breed x week 

C24 19.91 (± 1.81) 19.58 (± 1.43) 0.915 0.227 0.708 

C25 3900.41 (± 36.78) 3852.43 (± 36.78) 0.056 0.034 0.442 

C27 66.91 (± 2.25) 70.03 (± 2.25) 0.033 0.127 0.995 

C28 144.00 (± 5.18) 151.36 (± 5.18) 0.696 <0.001 0.659 

C29 243.55 (± 9.05) 252.08 (± 9.05) 0.874 <0.001 0.548 

C30 243.55 (± 9.05) 252.08 (± 9.05) 0.186 0.001 0.066 

C31 1126.25 (± 46.14) 1162.95 (± 46.14) 0.501 0.319 0.073 

C32 27.29 (± 1.94) 26.63 (± 1.87) 0.478 0.314 0.231 

C33 1631.99 (± 59.51)b 1725.10 (± 65.70)a 0.059 0.136 0.002 

C34 4029.24 (± 36.91) 3985.57 (± 34.75) 0.115 0.166 0.299 

C35 52.45 (± 2.40) 51.85 (± 2.25) 0.361 0.178 0.078 
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Figure 6.11 Temporal changes in the concentrations of C25, C28, C29, C30 and C33 faecal n-alkanes for Merino (●) and Dorper (○) ewes grazing lucerne/clover 

mix pasture. Error bars are the standard error of the least square means. 
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Both temporal and breed differences existed for C33. In Merino sheep, the 

concentration of this alkane was significantly higher (p < 0.05) at Week 4 (298.76 ± 

24.21 ppm) compared to Weeks 2 and 6 (178.03 ± 24.21 and 216.13 ± 24.21 ppm, 

respectively) and the concentration (of C33) in Dorper sheep was significantly lower (p 

< 0.05) in Week 6 (158.33 ± 24.21 ppm) compared to Weeks 2 and 4 (242.30 ± 24.21 

and 175.71 ± 24.21 ppm, respectively). For the Merino ewes, the concentrations of C33 

did not differ (p > 0.05) between Weeks 2 and 6 and for the Dorper ewes the 

concentrations did not differ (p > 0.05) between Weeks 2 and 4.  

6.3.3 Ruminal ammonia concentrations 

6.3.3.1 Experiment 1 
As shown in Table 6.7, the average ruminal NH3-N concentration did not differ (p > 

0.05) between the sheep breeds when grazing winter wheat. Temporal changes existed, 

being significantly (p < 0.05) lower in Week 2 (9.94 ± 1.44 mg NH3-N/L) compared to 

Weeks 4 (18.02 ± 1.02 mg NH3-N/L) and 6 (17.72 ± 1.07 mg NH3-N/L) of the grazing 

period.  

6.3.3.2 Experiment 2 
Similar to Experiment 1, average ruminal NH3-N concentrations did not differ (p > 

0.05) between the sheep breeds when they were grazing on lucerne/clover mix pasture 

(Table 6.8). However, temporal differences existed, being significantly (p < 0.05) lower 

in Week 6 (101.12 ± 21.65 mg NH3-N/L) compared to Weeks 2 (178.03 ± 21.63 mg 

NH3-N/L) and 4 (201.33 ± 21.65 mg NH3-N/L) of the grazing period, independent of 

sheep breed.  

6.3.3.3 Experiment 3 
As shown in Table 6.9, there was no significant difference (p > 0.05) in average ruminal 

NH3-N concentrations between the Merino (156.70 ± 31.71 mg NH3-N/L) and Dorper 

(177.08 ± 31.71 mg NH3-N/L) sheep or between the sheep grazing either the winter 

wheat (139.35 ± 32.65 mg NH3-N/L) or the canola (194.43 ± 30.79 mg NH3-N/L). 
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Table 6.7 Least squares mean (± SE) ruminal ammonia and total volatile fatty acid (VFA) concentrations and individual VFA molar proportions in Merino and 

Dorper sheep grazing winter wheat. 

Parameter Sheep breed p-values 

 Merino Dorper Breed Week Breed x week 

Ruminal ammonia concentration (mg NH3-N/L) 15.95 (± 0.91) 14.50 (± 0.86) 0.254 <0.001 0.670 

Total VFA concentration (mmol/L) 59.48 (± 5.88) 55.71 (± 5.70) 0.650 <0.001 0.808 

VFA proportions (%) 

Acetic acid 

 

62.90 (± 0.90) 

 

62.00 (± 0.87) 

 

0.482 

 

<0.001 

 

0.427 

Propionic acid 18.89 (± 0.65) 18.90 (± 0.63) 0.995 <0.001 0.847 

Butyric acid 10.09 (± 0.43) 9.44 (± 0.41) 0.288 <0.001 0.692 

Iso-butyric acid 3.50a (± 0.12) 3.32b (± 0.11) 0.320 <0.001 0.032 

Iso-valeric acid 3.83 (± 0.18) 3.66 (± 0.18) 0.516 <0.001 0.342 

Valeric acid 0.35 (± 0.06) 1.40 (± 0.06) 0.617 0.121 0.721 

Hexanoic acid 0.28 (± 0.03) 0.30 (± 0.03) 0.473 0.007 0.509 

Heptanoic acid 0.065 (± 0.014) 0.079 (± 0.014) 0.070 0.572 0.868 

Pr:Ac + 2 x Bu 0.23 (± 0.009) 0.23 (± 0.009) 0.898 <0.001 0.800 

Ac:Pr 3.51 (± 0.30) 3.76 (± 0.29) 0.553 <0.001 0.593 
 1Propionic acid: Acetic acid + 2 x Butyric acid = Pr:Ac+2xBu 
2 Acetic acid: Propionic acid = Ac:Pr  
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Figure 6.12 Temporal changes in volatile fatty acid proportions of Merino (●) and Dorper (○) ewes grazing winter wheat. Error bars are the standard error of the 

least square means. 
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6.3.4 VFA total concentration and proportions 

6.3.4.1 Experiment 1 
Total VFA concentrations did not differ (p > 0.05) between the Merino and Dorper 

sheep (Table 6.7). There were; however, temporal changes, with the average total VFA 

concentration significantly (p < 0.05) higher in Week 2 (20.68 ± 7.32 mmol/L) 

compared to Weeks 4 (18.02 ± 1.02 mmol/L) and 6 (17.72 ± 1.07 mmol/L) of the 

grazing period, independent of sheep breed.  

The average molar proportions of individual VFA did not differ (p > 0.05) between the 

Merino and Dorper sheep (Table 6.7). However, there were temporal changes in 

average molar proportions of some of the individual VFA. The molar proportions of 

acetic, iso-butyric, iso- valeric acids and the ratio of Ac:Pr acids were significantly (p < 

0.05) higher in Week 2 (67.49 ± 1.13; 4.46 ± 0.15; 5.31 ± 0.22 and 5.24 ± 0.38%, 

respectively) compared to Weeks 4 (59.79 ± 1.07; 2.74 ± 0.15; 2.79 ± 0.22 and 2.85 ± 

0.37%, respectively) and 6 (60.10 ± 1.07, 3.05 ± 0.15, 3.15 ± 0.22 and 2.83 ± 0.37%, 

respectively) of the grazing period, independent of sheep breed. Conversely, the molar 

proportions of propionic, butyric and hexanoic acids and the ratio of Pr:Ac+2xBu acids 

were significantly (p < 0.05) lower in Week 2 (14.04 ± 0.81, 7.24 ± 0.54, 0.19 ± 0.04 

and 0.17 ± 0.01%, respectively) compared to Weeks 4 (21.21 ± 0.78, 11.62 ± 0.51, 0.38 

± 0.04 and 0.26 ± 0.01%, respectively) and 6 (21.45 ± 0.78, 10.47 ± 0.51, 0.32 ± 0.04 

and 0.27 ± 0.01 %, respectively), independent of the breed of sheep.  Between breed 

differences in the molar proportions of individual VFA varied over the experimental 

period. As shown in Figure 6.12, the proportion of iso-butyric acid for Week 2 was 

significantly higher (p < 0.05) in both sheep breeds compared to Weeks 4 and 6 of the 

experimental period. The proportion of iso-butyric acid for the Merino sheep was also 

significantly higher (p < 0.05) in Week 2 compared to the Dorper sheep in Week 2.   

6.3.4.2 Experiment 2 
When grazing on lucerne/clover mix pasture, average total VFA concentration (Table 

6.8) was significantly (p < 0.05) higher in the Merino compared to the Dorper sheep. 

There were no temporal changes in total VFA concentrations (p > 0.05) over the 

experimental period. 
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Table 6.8 Least squares mean (± SE) ruminal ammonia and total volatile fatty acid (VFA) concentrations and individual VFA molar proportions in Merino and 

Dorper sheep grazing lucerne/clover mix pasture. 

Parameter Sheep breed p - values 

 Merino Dorper Breed Week Breed x week 

Ruminal ammonia concentration (mg NH3-N/L) 172.82 (± 17.68) 147.50 (± 17.68) 0.319 0.007 0.310 

Total VFA concentration (mmol/L) 89.86 (± 6.44) 63.23 (± 6.43) 0.007 0.062 0.482 

VFA proportions (%)      

Acetic acid 61.35 (± 1.09) 62.38 (± 1.05) 0.451 0.438 0.906 

Propionic acid 21.52 (± 0.83) 21.28 (± 0.79) 0.789 0.083 0.400 

Butyric acid 11.42 (± 0.39) 10.65 (± 0.39) 0.148 0.335 0.284 

Iso-butyric acid 2.07 (± 0.12) 2.10 (± 0.11) 0.828 0.073 0.114 

Iso-valeric acid 1.91 (± 0.10) 1.79 (± 0.10) 0.437 0.580 0.299 

Valeric acid 1.38 (± 0.05) 1.53 (± 0.05) 0.034 0.003 0.054 

Hexanoic acid 0.38 (± 0.03) 0.38 (± 0.03) 0.901 0.010 0.023 

Heptanoic acid 0.05 (± 0.006) 0.05 (± 0.006) 0.506 0.081 0.097 

Pr:Ac + 2 x Bu 0.25 (± 0.01) 0.26 (± 0.01) 0.850 0.034 0.279 

Ac:Pr 2.92 (± 0.19) 3.03 (± 0.18) 0.612 0.158 0.846 
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Figure 6.13 Temporal changes in volatile fatty acid proportions of Merino (●) and Dorper (○) ewes grazing lucerne/clover mix pasture. Error bars are the standard 

error of the least square mean.
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There were no breed (Table 6.8) or temporal differences (p > 0.05) in the molar 

proportions of acetic, propionic, butyric, iso-butyric, iso-valeric and heptanoic acids and 

the ratio Ac:Pr acid. However, breed differences existed in the molar proportions of 

valeric acid, being significantly higher (p < 0.05) in the Dorper (1.53 ± 0.05%) 

compared to the Merino (1.38 ± 0.05%) sheep.  

As shown in Figure 6.13, there were temporal changes in the molar proportions of some 

VFA. The molar proportions of valeric and hexanoic acids were significantly higher (p 

< 0.05) at Week 4 (1.61 ± 0.06% and 0.49 ± 0.04%, respectively) compared to Weeks 2 

(1.44 ± 0.06% and 0.34 ± 0.04%, respectively) and 6 (1.31 ± 0.06% and 0.31 ± 0.04%, 

respectively) of the grazing period. The molar proportions of hexanoic acid were 

significantly higher (p < 0.05) in the Dorper in Week 4 compared to Weeks 2 and 6 and 

for all sampling times compared to the Merino sheep. The ratio of Pr:Ac+2x Bu acid 

was significantly higher (p < 0.05) in Week 2 (0.28 ± 0.01) compared to Week 6 (0.24 ± 

0.01), but there was no difference (p > 0.05) in the ratio between Weeks 2 and 4 and 

Weeks 4 and 6 of the grazing period.  

6.3.4.3 Experiment 3 

Total VFA concentrations (Table 6.9) were significantly higher (p < 0.05) in the sheep 

grazing on canola (99.43 ± 4.70 mmol/L) compared to winter wheat (75.24 ± 4.70 

mmol/L), independent of sheep breed and week of collection of the ruminal fluid 

sample. 

The molar proportions of acetic (66.86 ± 0.69%), iso-butyric (0.69 ± 0.04%) and iso-

valeric (1.25 ± 0.14%) acids and the ratio of Ac:Pr acids (3.40 ± 0.10) were 

significantly higher (p < 0.05) in the ewes grazing winter wheat compared to those 

grazing canola (58.34 ± 0.69%, 0.52 ± 0.04%, 0.70 ± 0.14% and 2.42 ± 0.10, 

respectively ). In contrast, the molar proportions of propionic (24.31 ± 0.47%), butyric 

(13.75 ± 0.49%) and valeric (1.58 ± 0.17%) acids and the ratio of Pr:Ac+2xBu acids 

(0.28 ± 0.01) were significantly higher (p < 0.05) in the ewes grazing canola compared 

to those grazing winter wheat (19.89 ± 0.47%, 9.97 ± 0.52 %, 0.70 ± 0.18% and 0.23 ± 

0.01, respectively), independent of sheep breed. For the sheep grazing canola the molar 

proportions of iso-butyric acid were significantly higher (p < 0.05) in Week 6 (0.73 ± 
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0.07%) compared to Weeks 2 (0.35 ±0.07%) and 4 (0.49 ± 0.07%) of the grazing 

period.  
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Table 6.9 Least squares mean (± SE) total volatile fatty acid (VFA) and ammonia concentrations and individual VFA molar proportions in Merino and Dorper ewes 

grazing on either winter wheat or canola. 

Parameter Winter wheat Canola p-values 

 Merino Dorper Merino Dorper Breed Diet Week Breed x diet 

Ruminal ammonia 
concentration (mg NH3-
N/L) 

144.18 

(± 38.12) 

134.53 

(± 38.12) 

169.23 

(± 36.54) 

219.63 

(± 36.54) 0.471 0.061 

 

0.423 0.292 

Total VFA concentration 
(mmol/L) 

74.71 

(± 6.65) 

75.78 

(± 6.65) 

94.53 

(± 6.65) 

104.33 

(± 6.65) 0.422 0.001 

 

0.671 0.518 

VFA proportions (%) 

Acetic acid 

 

66.92 

(± 0.97) 

66.80 

(± 0.97) 

58.65 

(± 0.97) 

58.03 

(± 0.97) 0.710 <0.001 

 

 

0.005 0.801 

Propionic acid 19.93 

(± 0.66) 

19.85 

(± 0.66) 

23.73 

(± 0.66) 

24.89 

(± 0.66) 0.419 <0.001 

 

0.691 0.362 

Butyric acid 

 

9.84 

(± 0.62) 

10.10 

(± 0.62) 

14.22 

(± 0.60) 

13.27 

(± 0.60) 0.490 <0.001 

 

0.002 0.229 

Iso-butryic acid 0.62 

(± 0.05) 

0.76 

(± 0.05) 

0.52 

(± 0.05) 

0.53 

(± 0.05) 0.150 0.004 

 

0.039 0.215 
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Parameter Winter wheat Canola p-values 

 Merino Dorper Merino Dorper Breed Diet Week Breed x diet 

Iso-valeric acid 1.28 

(± 0.17) 

1.23 

(± 0.17) 

0.64 

(± 0.16) 

0.75 

(± 0.16) 

 

0.790 

 

<0.001 

 

0.017 

 

0.504 

Valeric acid 0.76 

(± 0.21) 

0.64 

(± 0.21) 

1.55 

(± 0.20) 

1.62 

(± 0.20) 

 

0.890 

 

<0.001 

 

0.373 

 

0.540 

Hexanoic acid 0.22 

(± 0.19) 

0.18 

(± 0.19) 

0.29 

(± 0.18) 

0.46 

(± 0.18) 

 

0.701 

 

0.288 

 

0.241 

 

0.500 

Heptanoic acid 0.04 

(± 0.02) 

0.04 

(± 0.02) 

0.05 

(± 0.02) 

0.07 

(± 0.02) 

 

0.537 

 

0.281 

 

0.990 

 

0.577 

Pr:Ac + 2 x Bu1 0.23 

(± 0.01) 

0.23 

(±0.01) 

0.27 

(± 0.01) 

0.29 

(± 0.01) 0.245 <0.001 

 

0.873 0.204 

Ac:Pr1 3.38 

(± 0.14) 

3.42 

(± 0.14) 

2.49 

(± 0.14) 

2.36 

(± 0.14) 0.760 <0.001 

 

0.314 0.519 

1Propionic acid: Acetic acid + 2 x Butyric acid = Pr:Ac+2xBu 

2 Acetic acid: Propionic acid = Ac:Pr 
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Figure 6.14 Change in mean live weight of Merino (●) and Dorper (○) ewes grazing winter wheat and Merino (■) and Dorper (□) ewes grazing canola. Error bars 

are the standard error of the least square means. 
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Independent of breed and diet, the molar proportions of acetic acid were significantly 

lower (p < 0.05) during Week 4 (60.71 ± 0.77%) compared to Week 6 (64.44 ± 0.77%). 

Significant temporal changes were also found in the molar proportions of butyric, iso-

butyric and iso-valeric acids (Figure 6.14). The molar proportions of butyric acid were 

significantly higher (p < 0.05) in Weeks 2 (12.04 ± 0.55%) and 4 (13.19 ± 0.55%) 

compared to Week 6 (10.34 ± 0.55%). The molar proportions of iso-butyric acid were 

significantly lower (p < 0.05) in Week 2 (0.51 ± 0.05%) compared to Week 6 (0.69 ± 

0.05%). In contrast, the molar proportions of iso-valeric acid were significantly higher 

(p < 0.05) in Week 2 (1.17 ± 0.14%) compared to Weeks 4 (0.90 ± 0.14%) and 6 (0.85 

± 0.14%). 

There were no significant differences (p >0.05) in the molar proportions of butyric acid 

between the two sheep breeds, independent of diet, but there were breed differences in 

the molar proportions of butyric acid based on the experimental week (p = 0.0367). 

Dorper ewes in Weeks 2 (12.34 ± 0.68%) and 4 (12.13 ± 0.68%) of the experimental 

period and Merino ewes in Week 2 (11.73 ± 0.68%) had significantly higher (p < 0.05) 

molar proportions of butyric acid compared to both the Dorper and Merino ewes in 

Week 6 (10.59 ± 0.68% and 10.09 ± 0.68%, respectively), but were significantly lower 

(p < 0.05) compared to the Merino ewes in Week 4 (14.26 ± 0.68%) (Figure 6.14).  

6.4 Discussion 

6.4.1 Quantity and quality of feed  

6.4.1.1 Experiments 1 and 2 

Over the period of grazing on winter wheat FOO was low (330 to 635 kg DM/ha) and 

below the optimum for LW gain and livestock production (1000 to 2000 kg DM/ha). In 

contrast, during the period of grazing on the lucerne/clover mix pasture the FOO (2386 

to 4387 kg DM/ha) was well above the optimum for meeting production requirements. 

Although FOO was loe during grazing on winter wheat, critical FOO values, such as 

that required for LW maintenance does vary depending on pasture type and animal 

factors (Hyder et al. 2002). The fact that the BCS of Dorper ewes was maintained and 

that of Merino ewes was increased whilst grazing on winter wheat indicates that the 

nutritional requirements of the ewes were being met. 
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The CP requirements for single and twin-bearing pregnant and lactating ewes range 

between 8-10% (EverGraze 2016). At both the commencement and cessation of 

grazing, the CP contents of the winter wheat and lucerne/clover mix pasture were 

sufficient to support the CP requirements for pregnant and lactating ewes.  

In contrast, based on the assessment of the nutritive value of the available FOO, the ME 

requirements for pregnancy and lactation of 14-16 MJ/ME (EverGraze 2016) were not 

met during either grazing period (Table 7.3). But the fact that BCS was maintained or 

increased indicated that the ewes were selecting a diet that met ME requirements. 

6.4.1.2 Experiment 3 

At the start and the cessation of grazing, both the winter wheat and canola contained 

sufficient CP to meet the nutritional requirements (for CP) for pregnant and lactating 

ewes. While the ME requirements for pregnancy and lactation (as described above) 

were met by the canola it was not met by the winter wheat.  

The optimum FOO for LW gain and livestock production is 1000 to 2000 kg DM/ha, 

and both the winter wheat and canola were either above or at optimum range over the 

grazing period. McGrath et al. (2015) found that ewes could be grazed on mixed crops 

with a FOO less than 1000 kg DM/ha without signs of any adverse effects on animal 

health or productivity.  

The NDF content of canola was lower than that of winter wheat. This lower NDF 

content is typical of brassica species (Westwood and Mulcock 2012). To rectify the 

lower NDF it is recommended that supplemental roughage is provided to increase the 

fibre intake in the animals, but this did not occur in this experiment. Diets containing 

higher NDF allow for greater DMI (Oba and Allen 1999); therefore, the animals grazing 

the winter wheat may have had greater feed intake which would have influenced their 

LW over the grazing period. Weight of the conceptus would also have influenced any 

changes in the LW of the ewes over the grazing period.  

6.4.2 Live weight and body condition score 

On both the winter wheat and the lucerne/clover mix pasture (Experiments 1 and 2), 

taking the pregnancy/lamb status of the ewe into account, the average LW of the Dorper 

ewes was significantly higher (p < 0.05) than that of the Merino ewes. These differences 

in LW have been previously found (Chapters 4 and 5). However, breed differences 
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based on LW did not occur (p > 0.05) on the winter wheat and canola (Experiment 3) 

when weight at Day 0 was analysed as a co-variant.  

When grazing the lucerne/clover mix pasture (Experiment 2) the LW and BCS of both 

the Merino and Dorper ewes increased.  This was expected as feed intake would have 

increased as a consequence of the increased FOO (increased from 2386 to 4387 kg/DM 

ha).  

During both Experiments 1 and 2, the Merino and Dorper ewes lost weight. This was 

expected as ewes were lambing during the experimental periods, and the foetus and 

placenta can increase LW in the ewe up to 9 kg during late pregnancy (Fraser et al. 

1939).  

However, in Experiment 1, the BCS of both the Merino and Dorper ewes did not 

decrease, therefore the true LW (corrected for conceptus weight) may not have 

decreased to the same extent over the grazing period. For both Experiments 1 and 3 

BCS was a more accurate measurement of the true nutritional status of the animals as it 

is independent of body size, conformation and pregnancy status (Kenyon et al. 2014). 

In Experiment 3, the average BCS of the Dorper ewes was significantly higher (p < 

0.05) at Days 0, 14 and 28 compared to the Merino ewes when grazing either winter 

wheat or canola. However, at Days 42 and 54 there were no significant differences in 

BCS (p > 0.05) between the Merino and Dorper ewes, regardless of which forage type 

they were grazing. This change (in BCS) was reflected in the change of LW in the 

Dorper ewes (although it is acknowledged that LW was not the most accurate 

measurement due to the weight of conceptus and placenta during this time). The change 

in BCS in the Dorper ewes once lambing had ceased could indicate that it is more 

difficult to accurately determine the BCS of Dorper ewes during pregnancy than Merino 

ewes, or that Dorpers utilised their fat reserves more than the Merino ewes post 

lambing. Ewes that are in high BCS (such as the Dorper ewes in Experiment 3) have a 

reduced appetite during the last stages of pregnancy as the foetus reduces rumen size. 

This decreased feed intake coincides with increased nutritional needs (Oddy and Holst 

1991; Hamudikuwanda et al. 1996). Due to the reduction in feed intake and rumen size, 

even when fed a high quality diet the nutritional needs of the ewe may not be being met. 

Therefore, when nutrients fail to meet the energy requirements for gestation and 

lactation the deficit is met by mobilisation of fat reserves, thus reducing BCS (Banchero 

et al. 2006).  



107 

 

Merino ewes grazing the canola were significantly lighter (p < 0.05) on Days 0, 14 and 

28, compared to the Merino ewe grazing winter wheat and the Dorper ewes grazing 

winter wheat and canola. However, by the cessation of the experiment (Day 54) the 

Merino ewes grazing the winter wheat diet were significantly lighter (p < 0.05) than the 

Merino ewes grazing the canola and the Dorper ewes grazing either the winter wheat or 

canola. This could be due to a number of reasons. Canola contains a number of plant 

secondary metabolites including glucosinolates (Heaney and Fenwick 1995; Tripathi 

and Mishra 2007) and erucic acid (in the seed) which can have anti-nutritional effects 

on animals. It is possible the Merino ewes were affected by this more than the Dorper 

ewes and warrants further investigation. Barry (2013) reported large variation in animal 

growth in experiments containing both turnips and forage rape (both Brassica spp.) 

even when digestibility was high. However, improved canola varieties such as used here 

have been bred to contain erucic acid concentrations below 2% in the oil seed, thus 

making it harmless to the ruminant. Thus, any potential anti-nutrient effects of the 

canola are most likely attributable to the glucosinolates. Further research is needed to 

establish the concentrations of both glucosinolates (and potentially erucic acid) 

concentrations in canola forage as most research has been undertaken on the content(s) 

in the seed. 

Many brassica species in Australia contain high concentrations of goitrogens, which are 

formed from glucosinolates. Goitrogens can cause haemolytic anaemia, depressed 

appetite and may also affect iodine metabolism (Barry et al. 1983). Modern canola 

varieties have been bred for low concentrations of goitrogens in the seed, with an 

expected low concentration in the forage (Downey and Rimmer 1993). However, there 

is little evidence to confirm low concentrations of goitrogenic compounds in the forage. 

Furthermore, there have been no studies using iodine supplements in livestock 

(Kirkegaard et al. 2008) therefore goitrogens could be affecting the performance of 

animals grazing on canola. Thus, there may be potential differences between Merino 

and Dorper sheep with regards to their susceptibility to adverse effects of goitrogens 

and warrants further research. 

6.4.3 Diet selection based on faecal n-alkanes 
Assessment of faecal n-alkanes was used as an indirect measure of both breed and 

temporal differences in diet selection. The animals were not dosed with n-alkanes; 

therefore, it was not possible to determine either feed intake or specific components of 

the diet selected. 
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Based on the faecal n-alkanes analysed when animals grazed winter wheat (Experiment 

1), there were no absolute or temporal differences in the diet selected between the two 

sheep breeds. This is similar to results of Botha et al. (1983) and Zeeman et al. (1983). 

In contrast, when grazing lucerne/clover mixed pasture (Experiment 2) there were both 

breed and temporal differences in diet selection. The difference between breeds in diet 

selection was reflected by faecal concentration of the n –alkane C27 (Table 6.5) being 

significantly higher (p < 0.05) in the Dorper compared to the Merino sheep. 

When grazing on the lucerne/clover mix pasture there were temporal changes in the 

faecal n-alkanes profile, reflecting likely temporal changes in diet selection, largely due 

to this pasture not being a monoculture as was the case with the winter wheat. There 

were differences in the availability/proportion of the different species in the pasture 

mix, with considerable change in the proportions of lucerne and clover in the sward 

which reflects potential changes in either selective grazing and/or plant growth. If the 

change is a reflection of diet selection this could account for the temporal changes in the 

faecal n-alkanes profiles over the grazing period.  

When grazing lucerne/clover mix pasture there were significant (p < 0.05) temporal 

changes in the faecal n-alkanes C25, C28, C29 and C30 (Table 6.6). These differences 

may reflect changes in diet selection to meet the ewes’ nutritional requirements. De Toit 

(1998) previously found that Dorper and Merino sheep selectively grazed different parts 

and proportions of the diet on offer. The ability to selectively graze increases as both the 

FOO and the diversity of the species composition of the pasture increases. The n-alkane 

composition differs greatly between plant species (Dove and Mayes 1991; 1996) and 

may also differ between the stem, leaf and flower-head of plants (Smith et al., 2001). 

Alkanes may also vary with the ages of some plants (Lee and MacGregor, 2004). All of 

these factors may have contributed to the differences in the profile of n-alkanes, both 

temporally and between breeds. 

6.4.4 Ruminal ammonia concentrations 

Average ruminal NH3-N concentrations did not vary (p > 0.05) between the two sheep 

breeds regardless of which diet type they were grazing on. This indicates that (within 

each grazing trial) the animals were selecting diets of similar content with regard to 

rumen degradable protein.  
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When grazing on winter wheat in Experiment 1, the average ruminal NH3-N 

concentration of the sheep (15.23 NH3-N/L) was lower than the average concentration 

(48.9 mg NH3-N/L) found in a study by Choat et al. (2003). In contrast, when grazing 

winter wheat in Experiment 3, average ruminal NH3-N concentration were much higher 

(139.4 mgNH3-N/L). Differences in ruminal NH3-N concentrations between the two 

winter wheat (Experiments 1 and 3) are potentially due to differences in intake. In 

Experiment 1 intake was limited as FOO was only 330 kg/DM ha compared to an 

unlimited diet of 2607 kg/DM ha in Experiment 3.  

When grazing the lucerne/clover mix pasture, the average NH3-N concentration of the 

sheep (160.2 mg NH3-N/L) was lower than that reported by Hogan and Weston (1967), 

Ulyatt et al (1986), Pinares-Patino et al. (2003) and Banik et al. (2013). This difference 

could be due to environmental factors affecting the protein content of the pasture 

species or differences in diet selection and in particular differences in species 

proportions of the selected diet over the grazing period.  

When gazing canola the average NH3-N concentration of the sheep (194.4 mg NH3-

N/L) was similar to that reported by Kaur et al. (2000) for forage rape (226 mg NH3-

N/L).  

There were temporal changes in ruminal NH3-N concentrations for both Experiment 1 

and 2 (Tables 6.7 and 6.8). When grazing the winter wheat (Experiment 1) these 

temporal changes (increased ruminal NH3-N concentrations in Weeks 4 and 6 compared 

to Week 2) are likely due to changes in the nutritive value (increased CP content) of the 

forage over the grazing period. Higher (rumen degradable) CP levels have a positive 

correlation with ruminal NH3-N concentrations (Satter and Slyter 1974). When grazing 

the lucerne/clover mix pasture (Experiment 2), the temporal changes (decreased ruminal 

NH3-N concentrations in Week 6 compared to Week 2) may reflect not only differences 

in the nutritive value of the individual plant species but also the species composition of 

the diet selected by the sheep.  

The optimum ruminal NH3-N concentrations for microbial growth and (microbial) 

protein synthesis is 50-80 mg NH3-N/L of ruminal fluid (Satter and Slyter 1974). When 

grazing winter wheat during Experiment 1 (but not during Experiment 3), average 

ruminal NH3-N concentration of the sheep was less than this, potentially limiting 

microbial protein synthesis. However, net protein supply to the animals may not have 

been compromised if the winter wheat had a significant rumen undegradable protein 
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content. The fact that the BCS of the sheep was either maintained (Dorper) or and 

increased (Merino) over the period of grazing on winter wheat during Experiment 1 

indicates that protein supply was not limited. 

When grazing on the lucerne/clover mix pasture (Experiment 2) and winter wheat in 

Experiment 3, ruminal NH3-N concentrations exceeded optimal levels for microbial 

growth and protein synthesis. 

6.4.5 Total VFA concentrations and proportions 

Although they cannot all be compared statistically, average total VFA concentrations 

were approximately 57-75 mmol/L for winter wheat (Experiments 1 and 3), 63-90 

mmol/L for lucerne/clover mix pasture and 99 mmol/L for canola.  

When grazing winter wheat (Experiments 1 and 3) and canola (Experiment 3) average 

total VFA concentrations did not differ (p > 0.05) between the Merino and Dorper 

sheep. This lack of difference was likely a reflection of the two breeds selecting similar 

diets, as discussed previously.  

There were significant differences in total VFA concentrations between the two breeds 

when grazing on lucerne/clover mix pasture. This was likely a reflection of differences 

in diet selection (as previously discussed) and consequently differences in the 

composition of the rumen microbial population as a result of differences in substrate 

supply. The significantly (p < 0.05) higher total VFA concentration in the Merino aligns 

with their increase in BCS over the grazing period (compared to no increase in BCS for 

the Dorpers). The increase in total VFA concentrations would provide a relative 

increase in energy supply to the Merinos compared to the Dorpers. 

For sheep grazing the winter wheat total VFA concentrations for both Experiments 1 

(75.2 mmol/L) and 2 (56.6 mmol/L) were lower than reported by Choat et al. (2003; 

149.4 mmol/L) and by Hess et al. (1994; 130.9 mmol/L).  These differences may have 

resulted from differences in cultivar (of winter wheat), stage of plant growth (and 

therefore differences in nutritive value) or time after feeding (with respect to collection 

of the ruminal fluid sample). In Experiment 1 (but not Experiment 3) there were 

temporal changes in average total VFA concentrations, most likely a reflection of 

changes in the nutritive value of the winter wheat over the grazing period. 
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Total VFA concentrations for the sheep grazing canola (99.4 mmol/L) were similar to 

those reported by Sun et al. (2012) for forage rape (98.5 mmol/L).  

Collection of ruminal fluid samples via either rumen cannulation or stomach tubing are 

the main methods used to assess ruminal fermentation (Geishauser and Gitzel 1996; 

Duffield et al. 2004). When comparing ruminal parameters for both collection methods, 

there are differences between rumen VFA concentrations and VFA proportions. Terré et 

al. (2013) found that VFA concentrations were greater in ruminal fluid samples 

collected from animals fitted with rumen cannula compared to samples collected using a 

stomach tube. The reason for this is likely due to saliva contamination which decreases 

VFA concentrations. However, there were no differences in molar proportions for each 

VFA between rumen cannulation and stomach tubing. This implies that when a ruminal 

fluid sample is collected using a stomach tube the molar proportions of VFA gives a 

more accurate reflection of ruminal fermentation, as VFA proportions are less affected 

by collection method compared to VFA concentrations.  

Average molar proportions of acetic, propionic and butyric acids in Experiment 1 

(62.5%, 18.9% and 9.8%, respectively) and Experiment 3 (66.9%, 19.9% and 10%, 

respectively) were relatively consistent with those reported by Choat et al. (2003) for 

sheep grazing winter wheat (58.8%; 20.9% and 14.32%, respectively).  

When grazing winter wheat in Experiment 1 temporal changes occurred in the molar 

proportions of individual VFA over the grazing period. The molar proportions of acetic, 

iso-butyric, and iso- valeric acids were significantly (p < 0.05) higher in Week 2 

compared to Weeks 4 and 6. Conversely, the molar proportions of propionic, butyric, 

and hexanoic acids were significantly (p < 0.05) lower in Week 2 compared to Weeks 4 

and 6. These differences could be due to diet selection as supported by differences in the 

concentrations of the faecal n-alkane C25, with the concentration being significantly 

higher (p < 0.05) in Week 2 compared to Weeks 4 and 6.  

When grazing on lucerne/clover mix pasture, the molar proportions of valeric acid were 

significantly higher (p < 0.05) in the Dorper compared to the Merino sheep, potentially 

due to differences in diet selection and/or differences in the composition of the rumen 

microbial population (for example, Eubacterium pyruvovorans produces valeric acid 

[Wallace et al. 1999]) that could ultimately impact on nutrient supply and microbial 

efficiency in the animal. There were also temporal changes in the molar proportions of 

valeric acid (and hexanoic acid) over the grazing period. These temporal changes may 
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be due to changes in diet selection as there was considerable change in the proportions 

of lucerne and clover in the sward (as previously discussed) and there were temporal 

changes in the faecal n-alkanes profiles over the grazing period (as also previously 

discussed). 

In Experiment 3, the molar proportions of propionic acid and butyric acids were 

significantly higher (p < 0.05) in the sheep grazing canola (24.3% and 13.8%, 

respectively) compared to those grazing winter wheat (19.9% and 10.0%, respectively). 

Relatively high molar proportions of propionic acid have been previously reported for 

forage rape (Sun et al. 2012). 

In line with molar proportions of propionic acid being higher, the molar proportion of 

acetic acid molar proportions were significantly lower (p < 0.05) in the sheep grazing 

canola (58.3%) compared to those grazing winter wheat (66.9%). This was likely due to 

the higher fibre content of the winter wheat (see Table 6.1). High acetic acid production 

is important for pregnant and lactating ewes as it increases milk solids and thus could 

increase lamb growth rate (Dijkstra 1994).  

The ratio of Ac:Pr was significantly lower  (p < 0.05) in the ewes grazing canola 

compared to those grazing winter wheat. Sun et al. (2012) similarly found that diets 

consisting of brassica species had a low Ac:Pr ratio, compared to other diets. 

6.5 Conclusion 

When grazing high quality diets, production differences were apparent between the 

Merino and Dorper sheep in terms of BCS and LW. Although rumen parameters and 

faecal n-alkanes were measured, any production differences between the Merino and 

Dorper when grazing winter wheat (Experiment 1) or winter wheat and canola 

(Experiment 3) could have been due to pregnancy and lactation status of the ewes. 

However, when fed a lucerne/clover pasture mix both the LW and BCS of the Merino 

and Dorper sheep increased, likely a consequence of higher feed intake by both sheep 

breeds. Therefore, an animal house study will allow a better indication of any 

production differences were a consequence of genetics, feed intake and consequently 

efficiency of feed utilisation when fed a high quality diet.  
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CHAPTER 7: NUTRIENT DIGESTIBILITY AND RUMEN 

PARAMETERS IN MERINO AND DORPER SHEEP BREEDS FED 

CONCENTRATE-BASED DIETS.  

7.1 Introduction 

The concentrations and molar proportions of individual VFA are relative to the nature 

of the feed (Bergman 1990) and are a reflection of the balance of rate of production and 

rate of loss (France and Dijkastra 2005). The major factors that affect VFA 

concentrations and molar proportions include diet, time of feeding and composition of 

the rumen microbial population. Proportions of individual VFA are influenced by the 

composition of OM in the diet, especially the nature and the rate of fermentation of 

carbohydrates.  

Wilkes et al. (2012) found that fat-tailed Damara sheep were able to employ different 

mechanisms to exploit low-quality and high-quality pellet feeds, thereby maximising 

the energy available from digestion. On a low-quality diet the Damara consumed a 

similar amount of feed as the Merinos but obtained 10% more apparent digestible 

energy. On the high quality diet, the Damara had a similar digestibility as Merinos, but 

had a greater voluntary intake.  

Differences in productivity of wool and fat-tailed sheep have been largely attributed to 

differences in grazing behaviour; however, Krebs et al. (2014) found differences in 

DMD and NDFD between Merino and Dorper/Damara cross sheep when fed a 

concentrate-based, production pellet.  

When Dorper and Merino ewes grazed high quality pasture diets (Chapter 6), no 

differences in ruminal parameters were found between the breeds. Changes in LW and 

BCS were similar between both sheep breeds when grazing winter wheat (Experiment 

1) or lucerne/clover diet (Experiment 2); however, in a subsequent experiment 

(Experiment 3) the BCS of Dorper ewes decreased significantly when grazing winter 

wheat (and canola). For all three of these grazing experiments the pastures would be 

described as high quality.  A controlled animal house experiment was undertaken to 

establish potential differences between Merino and Dorper sheep when fed either a low 

or high quality roughage diets (Chapter 4) and a similar controlled experiment is needed 

to establish potential breed differences when fed higher quality, concentrate-based diets. 
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The use of ruminal cannulated sheep provides the opportunity for more extensive 

measurement of various rumen parameters, including ruminal fluid volume and ruminal 

outflow rates (Stern and Hoover 1979). The in sacco technique can also be employed to 

evaluate the rate of disappearance of DM and dietary nutrients from the rumen (Kendall 

et al. 1991).  

The aim of the study was: 

• to determine if differences between breeds in ruminal parameters such as VFA 

concentrations and proportions, NH3-N concentrations, ruminal outflow and 

rumen size could account for production differences reported from the grazing 

studies reported in Chapter 6.  

7.2 Materials and Methods 

All trial procedures were undertaken with approval of CSU’s Animal Care and Ethics 

Committee (protocol number: 14/009). 

7.2.1 Experimental animals 

Six Merino wether weaners (28.1 ± 1.8 kg) and six Dorper wether weaners (49.0 ± 1.7 

kg) were sourced from the CSU commercial flock. The weaners were from 6-9 months 

of age.  

Each of the animals was surgically fitted with a rumen cannula (31 mm in internal 

diameter with an insertion length of 62 mm). For the first 7 d post-surgery clinical 

observations were performed three times daily. After the first week the animals were 

then monitored daily, paying particular attention to demeanour, appetite and any signs 

of lameness and discomfort. The sheep were allowed to recover from the surgery for 

three weeks. Upon recovery, the animals were transferred to individual pens in the 

animal house. At all times the animals were handled quietly to assist in their transition 

to penning. 

7.2.2 Housing 

The sheep were maintained, at varying times, in either individual pens (1.5 x 1.5 m) or 

metabolism cages (1 m x 1.5 m).  During the dietary adaptation periods, the animals 

were maintained in individual pens; however, during the 7 d collection periods 
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associated with the digestibility study (see Chapter 3.3.1) the animals were transferred 

from their pens to metabolism crates. Upon completion of each collection period the 

animals were returned to their (same) individual pens (Figure 5.1).  

 

Figure 7.1 Timeline of activities during the experimental periods. 

7.2.3 Experimental design 

A 2 (diets) x 2 (sheep breeds) factorial, cross over design with six replicates was used. 

Three Merino sheep and 3 Dorper sheep were allocated to each diet (Production 1 pellet 

and Production 2 pellet) for each experimental period (Period 1 and Period 2). The 

sheep (3 x Merino and 3 x Dorper) fed either Production 1 pellet or Production 2 pellet 

during Period 1, were fed the other diet in Period 2.   

7.2.4 Experimental diets 

Two pelleted diets of similar nutritive value (deemed production 1 and production 2 

pellets) were used. The Production pellet 1 was EasyEwe® and the Production 2 pellet 

was EasyOne®, with both diets being commercially available pelleted rations, supplied 

and prepared by Milne Agribusiness (Bentley, Western Australia). The nutritive values 

of the two pellets (determined by the NSW DPI – Feed Quality Service) are presented in 

Table 7.1. 
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Table 7.1 Nutritive value of the experimental diets (on DM basis). 

Parameter Production pellet 1 Production pellet 2 

Dry matter (%) 93.0 93.0 

Crude protein (%) 12.8 13.7 

Metabolisable energy (MJ/kg DM) 9.8 10.2 

Organic matter (%) 91 92 

Neutral detergent fibre (%) 51 48 

Acid detergent fibre (%) 28 27 

The animals were fed at a level equivalent to 3% of their LW on a DM basis (refer to 

Chapter 3.3). The daily feed allocation was fed once a day at approximately 0900. Each 

day any left-over feed was collected and weighed to determine daily feed intake. Fresh, 

clean water was available at all times. 

7.2.5 Sample collection and analysis 

7.2.5.1 Nutrient and cellulose digestibility 

To determine nutrient digestibility, representative samples (0.5 kg) of each feed type 

were collected prior to feeding on every day of the collection period. Similarly, 

representative samples (15%) of daily feed refusals of individual sheep were collected 

following weighing (of the feed refusals). For the duration of the 7 d collection period 

the daily amount of faeces and urine voided by each animal was recorded and each day 

a representative sample of the voided faeces (15%) and urine (10%) were collected and 

stored at -18oC.   

The processing and subsequent analyses of these samples were as described in Chapter 

3.3 and 3.4, respectively. 

At the conclusion of the nutrient digestibility study, the in sacco technique (Ørskov 

1992) was used to determine cellulose (cotton wool) digestibility. Dacron bags (mesh 

size: 50 ± 10 microns; bag size: 140 x 90 mm) were used. Approximately 5 g (known 

weight) of pure cotton wool, together with a marble (to prevent the bags floating on top 

of the rumen contents) were placed into a numbered bag and then tied off using fishing 
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line (with approximately 15 cm extra of fishing line to suspend the bags in the rumen). 

Duplicate samples for each incubation period were prepared for each animal. 

Incubations periods of 6, 12, 24, 48 and 72 h were used. A staggered introduction 

schedule was used as the large number of bags necessitated several periods of 

withdrawal and overlapping periods of incubation.  This was done so that there was a 

maximum of six bags suspended in the rumen at any given time. 

A constant method of washing was used; upon removal from the rumen the bags were 

washed by hand with cold running water until the wash out water ran clear.  The bags 

were then dried in a fan forced oven (Labec oven; Laboratory Equipment Pty ltd) at 

55ºC for 72 h. 

Cellulose digestibility was calculated using the following equation: 

% cellulose digestibility = (initial – final weight /initial weight) x 100 

where  initial weight (g) = weight of cotton wool DM pre incubation  

final weight (g) = weight of cotton wool DM post incubation. 

A least squares regression analysis of cellulose digestion was performed using 

Microsoft Excel. The data was transformed to a natural logarithmic base, similar to the 

analysis of Lardy et al. (1993). A linear regression analysis was then performed on this 

transformed data.  Digestibility of the cellulose (cotton wool) at 24 and 48 h incubation 

was calculated from the linear regression. 

7.2.5.2 Rumen parameters  

Following feeding (of the sheep) on the final day of the nutrient digestibility study (and 

whilst the animals were still housed in the metabolism cages), approximately 20 mL 

(known weight) of Cr-EDTA solution (2.77 mg Cr/mL) was injected into the rumen via 

the rumen cannula, to enable determination of ruminal fluid volume (L), and outflow 

rates (L/d), as described by Binnerts et al. (1968). Ruminal fluid samples were collected 

using a sampling probe at 3, 6, 9, 12, 15, 18, 21 and 24 h post injection. The sampling 

probe (see Fig 5.2), which consisted of a metal frame (5 cm x 1 cm x 1 cm) covered 

with a double layer of nylon stocking material, was placed directly into the rumen and a 

fluid sample (approx. 20 mL) collected by attaching a syringe onto the tubing at the end 

of the probe. The collected sample was immediately dispensed into a glass beaker and 

the pH measured and recorded (see Chapter 3.3.1). The remaining ruminal fluid was 
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processed for the subsequent analysis of Cr concentration, VFA concentrations and 

proportions (see Chapter 3.5.5) and NH3-N concentration (see Chapter 3.5.6). 

 

Figure 7.2 Probe used for collecting ruminal fluid samples. 

5.2.6 Calculations 

The Cr concentration of centrifuged ruminal fluid (3,000 g for 10 min) was analysed 

with known K2CrO4 working standards on an atomic absorption spectrophotometer 

(Spectr AA 50B at wave length 357.9) using an acetylene-air flame.  

Ruminal fluid volume and fluid outflow rate were calculated by the procedures of 

Downes and McDonald (1964) who assumed that if steady state conditions applied, the 

dilution of Cr over time after a single injection of Cr (Cr-EDTA) would be a first order 

one, and experimental data would be well fitted by an equation as follows: 

At = A0e-kt 

where: At = Cr concentration at time t 

 A0 = Cr concentration at time zero 

 k = exponent or rate constant (d -1) 

Ruminal fluid volume and outflow rate were therefore calculated as: 

Ruminal fluid volume (L) = dose injected (g Cr) / A0 (g/L Cr)  
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Ruminal fluid outflow rate (L/d) = fluid volume x k 

7.2.7 Statistical analysis  

Differences in outcome measures between treatment groups were determined using the 

Mixed Model procedure in the SAS program (SAS Institute Inc., 1997). Prior to 

analysis, the data was assessed for linearity and normality assumptions. The analysis of 

LW, feed intake, nutrient digestibility, N balance, rumen pH, ruminal fluid volume and 

turnover rate, ruminal NH3-N concentrations, VFA concentrations and proportions and 

cellulose digestion included the fixed effects of ‘breed’ ‘diet’ and ‘time’ and the 

interaction between the fixed effects with the individual animal and pen as a random 

effect. For the analysis of LW Wt0 was analysed as a co-variate and was found to be 

significant (p = 0.001) and was therefore included in the analysis. For the analysis of 

feed intake, nutrient digestibility, N balance, rumen pH, ruminal fluid volume and 

turnover rate, ruminal NH3-N concentrations, VFA concentrations and proportions and 

cellulose digestion included ‘period’ as a co-variate. One Merino wether was removed 

from the trial during the adaptation period of period 1, due to complications with the 

ruminal cannula. For both experimental diets the co-variate of ‘period’ was not 

significant and was excluded in the final model. Differences were significant when p < 

0.05. 

7.3 Results 

7.3.1 Feed intake 

The sheep were fed an amount of feed equivalent to 3% LW. The majority of sheep 

consumed all of their daily feed and thus relative feed intake (g/kg LW/d) did not differ 

(p > 0.05) between diets or breeds of sheep. However, the Dorpers (49.0 ± 1.7 kg) were 

significantly heavier (p < 0.05) than the Merinos (28.1 ± 1.8 kg) and, as shown in Table 

5.2, their absolute total feed intake (g/d) was correspondingly higher (p < 0.05). 
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Table 7.2 Least squares mean (± SE) feed intake of Merino and Dorper sheep fed either 

Production 1 pellets or Production 2 pellets. 

Feed intake Production 1 pellet Production 2 pellet p - values 

Merino Dorper Merino Dorper Breed Diet Breed x 
diet 

Total (g/d) 829.8 

(± 76.2) 

1435.1  

(± 69.6) 

863.6 

(± 76.2) 

1471.1 

(± 69.6) < 0.001 0.638 0.988 

Relative 
(g/kg/LW/d) 

29.5  

(± 0.40) 

29.7 

(± 0.36) 

29.4 

(± 0.40) 

29.4  

(± 0.36) 0.771 0.563 0.914 

7.3.2 Live weight 

When fed either Production 1 or Production 2 pellets there were no differences (p > 

0.05) between the Merino and Dorper in the change in LW over the experimental 

period. Independent of sheep breed, diet type also had no significant effect (p > 0.05) on 

the change in LW over the experimental period.   

Table 7.3 Mean (± SE) live weight of Dorper and Merino ewes when fed either Production 1 

pellets or Production 2 pellets.  

Liveweight (kg)1 p-value 
Production 1 pellet Production 2 pellet 

Merino Dorper Merino Dorper Breed Diet  Breed x 
Diet 

38.67 

(± 1.68) 

42.56  

(± 1.43) 

39.15  

(± 1.74) 

39.78  

(± 1.55) 

 

0.386 

 

0.326 

 

0.175 
1Pre-treatment LW was included in the model as a co-variate. 

7.3.3 Nutrient and cellulose digestibility 

The effects of diet and breed on nutrient digestibility are shown in Table 7.4. The DMD, 

OMD, CPD, ADFD, NDFD and DOMD did not vary (p > 0.05) between the two breeds 

of sheep, regardless of which diet the animals consumed. Cellulose digestibility is also 

shown in Table 7.4. Neither diet nor breed had an effect (p > 0.05) on 24 and 48 h 

cellulose digestion.  
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7.3.4 Nitrogen balance  

As shown in Table 7.4, both diet and breed had a significant effect (p < 0.05) on N 

balance, being higher in the Dorper (17.55 ± 0.61 g/d) compared to the Merino (10.17 ± 

0.67 g/d), and higher in animals fed Production 2 pellets (15.62 ± 0.64 g/d) compared to 

Production 1 pellets (12.10 ± 0.64 g/d). 

Total dietary N intake and total faecal N were significantly higher (p < 0.05) in the 

Dorper (28.74 ± 0.98 and 9.18 ± 0.53 g/d, respectively) than in the Merino (16.64 ± 

1.07 and 4.98 ± 0.58 g/d, respectively), while total urinary N did not differ (p > 0.05) 

between the breeds. However, when comparing the data on the basis of LW, relative N 

intake, faecal N and urinary N did not differ (p > 0.05) between the two sheep breeds, 

and consequently N balance did not vary (see Table 7.4).  

7.3.5 Rumen pH 

As shown in Table 7.5, average rumen pH did not vary (p > 0.05) between breeds or 

diets. However, differences existed relative to time after feeding. Regardless of which 

diet was fed, 6 h post feeding (Figure 7.3) rumen pH was significantly higher (p < 0.05) 

in the Dorper (6.5 ± 0.1; 6.68 ± 0.09) compared to the Merino (6.07 ± 0.1; 6.3 ± 0.1). 

7.3.6 Ruminal fluid volume and outflow rate 

The effect of breed and diet on ruminal fluid volume and outflow rate is shown in Table 

7.5. Neither diet nor breed had an effect (p > 0.05) on ruminal fluid volume.  However, 

when fed the production diet, ruminal fluid outflow rates were significantly higher (p < 

0.05) in the Dorper (4.2 ± 0.45 L/d) compared to the Merino (2.4 ± 0.49 L/d). There 

were no differences (p > 0.05) in ruminal fluid outflow rates between the two genotypes 

when fed the maintenance diet. 
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Table 7.4 Least squares mean (± SE) nutrient digestibility, N balance and cellulose digestibility in Merino and Dorper sheep fed either Production 1 pellets or 
Production 2 pellets. 

Diet Production 1 pellet Production 2 pellet p - values 

Animal type Merino Dorper Merino Dorper Breed Diet Breed x diet  

DMD (%) 55.8 (± 3.77) 53.7 (± 3.44) 56.4 (± 3.44) 55.4 (± 3.44) 0.663 0.758 0.868 

OMD (%) 59.4(± 3.34) 57.3 (± 3.10) 60.6 (± 3.10) 59.5 (± 3.10) 0.612 0.610 0.884 

CPD (%) 68.1 (± 2.61) 66.0 (± 2.38) 69.5 (± 2.28) 70.4 (± 2.38) 0.808 0.255 0.546 

NDFD (%) 46.2 (± 4.93) 43.8 (± 4.50) 44.8 (± 4.50) 42.2 (± 4.50) 0.594 0.748 0.980 

ADFD (%) 44.5 (± 5.03) 42.0 (± 4.59) 44.0 (± 4.59) 40.9 (± 4.59) 0.560 0.873 0.960 

DOMD (%) 54.0 (± 3.13) 52.2 (± 2.86) 55.7 (± 2.86) 54.8 (± 2.86) 0.654 0.469 0.866 

N balance:  

Total (g/d) 8.72 (± 0.95) 15.47 (± 0.87) 11.61 (± 0.95) 19.62(± 0.87) < 0.001 0.001 0.498 

Relative (g/kg LW/d) 0.31 (± 0.02) 0.32 (± 0.02) 0.40 (± 0.02) 0.40 (± 0.02) 0.743 0.001 0.766 

Cellulose digestion (%) 

24 h 15.31 (± 2.83) 12.19 (± 2.78) 15.18 (± 2.55) 15.84 (± 2.88) 0.633 0.492 0.461 

48 h 36.56 (± 5.55) 32.05 (± 5.73) 38.53 (± 4.96) 39.63 (± 5.71) 0.720 0.318 0.552 

DMD = dry matter digestibility = DMD, OMD = organic matter digestibility; CPD = crude protein digestibility; NDFD = neutral detergent fibre digestibility, ADFD 
= acid detergent fibre digestibility 
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7.3.7 Ruminal ammonia concentrations 

Ruminal NH3-N concentrations are presented in Table 7.5. Neither diet nor breed had an 

effect (p > 0.05) on average 24 h ruminal NH3-N concentrations. However, differences 

existed relative to time after feeding. As shown in Figure 7.4, 3 h after feeding the 

production 1 pellets ruminal NH3-N concentrations were significantly higher (p < 0.05) 

in the Merino (302.85 ± 30.04 mg/L) than in the Dorper (221.62 ± 27.68 mg/L) sheep. 

When fed the production 2 pellets, 6 h post feeding ruminal NH3-N concentrations were 

significantly higher (p<0.05) in the Dorper (114.57 ± 28.38 mg/L) than the Merino 

(42.61 ± 31.32 mg/L). 

7.3.8 VFA concentrations and proportions  

7.3.8.1 Concentrations  

The average total and molar concentrations of individual VFA over 24 h are presented 

in Table 7.6.  Average (over 24 h) total VFA concentrations did not differ (p > 0.05) 

between Production 1 pellets and Production 2 pellets. However, average (24 h) butyric 

acid concentrations were significantly lower (p < 0.05) in animals fed the Production 1 

pellets (7.78 ± 0.48 mmol/L) compared those fed Production 2 pellets (10.03 ± 0.49 

mmol/L).  

The average (24 h) total VFA concentration was significantly higher (p < 0.05) in the 

Dorper (84.68 ± 3.94 mmol/L) compared to Merino (67.57 ± 4.59 mmol/L) sheep. Total 

VFA concentrations varied post feeding. As shown in Figure 7.5, 18 h post feeding the 

production 2 pellets, total VFA concentration was significantly higher (p < 0.05) in the 

Dorper (85.6 ± 10.39 mmol/L) compared to the Merino (53.88 ± 11.27 mmol/L); 

however, there was no such difference (p > 0.05) when fed the production 2 pellets.  

When considering breed independently of diet, the average (24 h) concentrations of 

acetic, iso-butyric and butyric acids were significantly higher (p < 0.05) in the Dorper 

(55.55 ± 2.88; 0.47 ± 0.03; and 10.33 ± 0.4 mmol/L, respectively) compared to the 

Merino (41.99 ± 3.31; 0.37 ± 0.04; and 7.48 ± 0.55 mmol/L, respectively). However, for 

both diets there were no differences (p > 0.05) in acetic acid and iso-butyric acid 

concentrations between the two sheep breeds.  
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Table 7.5 Least squares mean (± SE) rumen pH, ruminal NH3-N concentrations, ruminal fluid volumes and outflow rates in Merino and Dorper sheep fed either 
Production 1 pellets or Production 2 pellets. 

Diet Production 1 pellet Production 2 pellet p values 

Animal type Merino Dorper Merino Dorper Breed Diet Breed x Diet 

Rumen pH 6.66 (± 0.08) 6.78 (± 0.06) 6.73 (± 0.08) 6.63 (± 0.06) 0.494 0.209 0.380 

Ammonia concentration 
(mg NH3-N/L) 

91.01 (± 21.71) 86.25 (± 18.27) 75.81 (± 21.74) 118.49 (± 17.78) 0.344 0.675 0.237 

Ruminal fluid volume (L) 7.34 (± 0.90) 8.42 (± 1.05) 6.64 (± 0.84) 6.09 (± 0.85) 0.729 0.060 0.283 

Ruminal fluid outflow 
rate (L/d) 

2.62 (± 0.49) 3.05 (± 0.49) 2.42 (± 0.49) 4.22 (± 0.45) 0.034 0.331 0.175 
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Figure 7.3 Rumen pH over a 24 h period for Merino (•) and Dorper (ο) wethers fed either A) Production 1 pellets or B) Production 2 pellets. Significant differences 

between breeds at each time point are represented by * p < 0.05. 
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Figure 7.4 Ruminal ammonia concentrations over a 24 h period for Merino (•) and Dorper (ο) wethers fed either A) Production 1 pellets or B) Production 2 pellets. 

Significant differences between breeds at each time point are represented by * p < 0.05. 
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Table 7.6 Least squares mean (± SE) volatile fatty acid concentrations (mmol/L) in Merino and Dorper sheep fed either Production 1 pellets or Production 2 pellets. 

Diet Production 1 pellet Production 2 pellet p values 

Animal type Merino Dorper Merino Dorper Breed Diet Breed x Diet 

Total 71.57 (± 6.47) 84.25 (± 5.65) 63.58 (± 6.50) 85.10 (± 5.50) 0.006 0.562 0.467 

Acetic acid 46.54 (± 4.68) 56.79 (± 4.12) 37.44 (± 4.69) 54.31 (± 4.04) 0.003 0.204 0.453 

Propionic acid 17.60 (± 1.53) 15.98 (± 1.29) 15.64 (± 1.55) 17.64 (± 1.24) 0.893 0.918 0.202 

Butyric acid 6.05 (± 0.76) 9.51 (± 0.60) 8.91 (± 0.79) 11.15 (± 0.56) < 0.001 0.004 0.378 

Iso-butyric acid 0.36 (± 0.05) 0.47 (± 0.04) 0.38 (± 0.05) 0.47 (± 0.04) 0.025 0.830 0.864 

Iso-valeric acid 0.34 (± 0.08) 0.48 (± 0.08) 0.33 (± 0.08) 0.45 (± 0.08) 0.110 0.841 0.912 

Valeric acid 0.53 (± 0.07) 0.59 (± 0.07) 0.62 (± 0.07) 0.75 (± 0.06) 0.135 0.054 0.577 

Hexanoic acid 0.20 (± 0.05) 0.29 (± 0.05) 0.31 (± 0.05) 0.32 (± 0.05) 0.324 0.176 0.410 

Heptanoic acid 0.015 (± 0.006) 0.019 (± 0.005) 0.016 (± 0.006) 0.017 (± 0.005) 0.642 0.928 0.900 
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Figure 7.5 Total volatile fatty acid (VFA) concentrations over a 24 h period for Merino (•) and Dorper (ο) wethers fed either A) production 1 pellets or B) 

production 2 pellets. Significant differences between breeds at each time point are represented by * p <0.05. 
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Figure 7.6 Acetic acid concentrations over a 24 h period for Merino (•) and Dorper (ο) wethers fed either A) Production 1 pellets or B) Production 2 pellets. 

Significant differences between breeds at each time point are represented by * p <0.05. 
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Figure 7.7 Butyric acid concentrations over a 24 h period for Merino (•) and Dorper (ο) wethers fed either A) Production 1 pellets or B) Production 2 pellets. 

Significant differences between breeds at each time point are represented by * p <0.05 
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Between breed differences in the concentrations of individual VFA varied post feeding. 

When fed Production 1 pellets, 9 h post feeding acetic acid (Figure 7.6) and butyric acid 

(Figure 7.7) concentrations were significantly higher (p < 0.05) in the Dorper (73.6 ± 

7.49 mmol/L and 14.35 ± 1.5 mmol/L, respectively) compared to the Merino (55.23 ± 

7.55 mmol/L and 8.31 ± 1.63 mmol/L, respectively).  

When fed Production 2 pellets, 15 and 18 h post feeding acetic acid (Figure 7.6) 

concentrations were significantly higher (p < 0.05) in the Dorper (53.01 ± 6.93; and 

56.52 ± 6.93 mmol/L, respectively) than the Merino (30.18 ± 8.24; and 32.53 ± 7.52 

mmol/L, respectively). Similarly, 3 h post feeding butyric acid concentration (Figure 

7.8) was significantly higher (p < 0.05) in the Dorper (12.58 ± 1.55 mmol/L) than the 

Merino (6.88 ± 1.64 mmol/L) whilst 9 h post feeding hexanoic acid concentration was 

significantly lower (p  < 0.05) in the Dorper (0.59 ± 0.1 mmol/L) than the Merino (1.02 

± 0.12 mmol/L). 

7.3.8.2 Proportions  

The average (24 h) molar proportions of the individual VFA are shown in Table 7.7. 

The average (24 h) molar proportion of acetic acid was significantly higher (p < 0.05) in 

animals fed Production 1 pellets compared to those fed Production 2 pellets. 

Conversely, the molar proportions of butyric and valeric acids were significantly lower 

(p < 0.05) in animals fed Production 1 pellets than those fed Production 2 pellets. The 

molar proportions of iso-butyric, iso-valeric, hexanoic and heptanoic acids did not differ 

(p > 0.05) either between diets or between breeds.  

The average (24 h) molar proportions of acetic and butyric acids were significantly 

higher (p < 0.05) in the Dorper (65.91 ± 0.9 and 12.19 ± 0.45 %, respectively) than the 

Merino (62.92 ± 1.07 and 10.67 ± 0.58 %, respectively), while the average (24 h) molar 

proportion of propionic acid was higher (p<0.05) in the Merino (23.91 ± 0.87 %) 

compared to the Dorper (19.45 ± 0.75 %).  

Between breed differences in the molar proportions of individual VFA varied post 

feeding. As shown in Figure 7.8, when fed Production 1 pellets, the molar proportions 

of acetic acid were significantly higher (p < 0.05) in Dorper than in Merino sheep at 9 

and 15 h post feeding; however, when fed Production 2 pellets there were no such 

differences (p > 0.05) between the two breeds.  
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When fed Production 1 pellets, the molar proportions of propionic acid (Figure 7.9) at 6, 

9, 12, 15, 18 and 21 h post feeding were significantly higher (p < 0.05) in the Merino 

than the Dorper. Similarly, when fed Production 2 pellets, the molar proportions of 

propionic acid at 9, 18, 21 and 24 h post feeding were significantly higher (p < 0.05) in 

the Merino than the Dorper. Conversely, when fed Production 2 pellets the molar 

proportions of butyric acid (Figure 7.10) at 3 and 24 h post feeding were significantly 

lower (p < 0.05) in the Merino than the Dorper; however, no such differences (p > 0.05) 

existed between the two breeds when fed Production 1 pellets. 

Based on average (24 h) molar proportions, the ratio Pr: Ac+2 x Bu was significantly 

higher (p < 0.05) for the Merino than the Dorper sheep, regardless of which diet was 

fed. Between breed differences in the ratio varied post feeding. When fed Production 2 

pellets (Figure 7.11), the ratio of was significantly higher (p < 0.05) in Merino than in 

Dorper sheep at 6, 9, 12, 15 and 18 h post feeding; when fed Production 2 pellets, the 

ratio was significantly higher (p < 0.05) in the Merino than the Dorper at 9, 21 and 24 h 

post feeding.  

Based on average (24 h) molar proportions, the ratio Ac:Pr was significantly higher (p < 

0.05) for animals fed Production 1 pellets than those fed Production 2 pellets. The ratio 

was also significantly higher (p < 0.05) in the Dorper (3.52 ± 0.15%) than the Merino 

(2.79 ± 0.17%). Between breed differences in the ratio varied post feeding. As shown in 

Figure 7.12, when fed Production 1 pellets the ratio was significantly higher (p < 0.05) 

in the Dorper than the Merino at 6, 9, 12, 15 and 18 h post feeding. When fed 

Production 2 pellets the ratio was significantly higher (p < 0.05) in the Dorper than the 

Merino at 9, 21 and 24 h post feeding. 
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Table 7.7 Least squares mean (± SE) molar proportions (%) of volatile fatty acids in Merino and Dorper sheep fed either Production 1 pellets or Production 2 pellets. 

Diet Production 1 pellet Production 2 pellet p values 

Animal Type Merino Dorper Merino Dorper Breed Diet Breed x Diet 

Acetic acid 65.72 (± 1.52) 67.98 (± 1.31) 60.13 (± 1.52) 63.84 (± 1.28) 0.037 0.003 0.611 

Propionic acid 23.74 (± 1.23) 18.27 (± 1.07) 24.08 (± 1.24) 20.63 (± 1.05) 0.002 0.256 0.380 

Butyric acid 8.48 (± 0.81) 11.42 (± 0.65) 12.86 (± 0.83) 12.97 (± 0.62) 0.040 0.001 0.058 

Iso-butyric acid 0.53 (± 0.06) 0.61(± 0.05) 0.65 (± 0.06) 0.62(± 0.04) 0.595 0.025 0.231 

Iso-valeric acid 0.54 (± 0.10) 0.66 (± 0.08) 0.66 (± 0.10) 0.62 (± 0.08) 0.640 0.642 0.398 

Valeric acid 0.73 (± 0.12) 0.69 (± 0.11) 1.00 (± 0.12) 0.91 (± 0.11) 0.537 0.050 0.847 

Hexanoic acid 0.27 (± 0.08) 0.34 (± 0.07) 0.46 (± 0.08) 0.39 (± 0.07) 0.967 0.143 0.378 

Heptanoic acid 0.02 (± 0.005) 0.02 (± 0.005) 0.02 (± 0.004) 0.03 (± 0.006) 0.472 0.790 0.142 

Pr:Ac + 2 x Bu  0.29 (± 0.02) 0.20 (± 0.02) 0.28 (± 0.02) 0.23 (± 0.02) <0.001 0.570 0.238 

Acetic:propionic  2.98 (± 0.25) 3.81 (± 0.21) 2.60 (± 0.25) 3.23 (± 0.21) 0.002 0.050 0.664 
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Figure 7.8 Molar proportions of acetic acid (%) over a 24 h period for Merino (•) and Dorper (ο) wethers fed either A) Production 1 pellets or B) Production 2 

pellets. Significant differences between breeds at each time point are represented by * p <0.05. 
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Figure 7.9 Molar proportions of propionic acid (%) over a 24 h period for Merino (•) and Dorper (ο) wethers fed either A) Production 1 pellets or B) Production 2 

pellets. Significant differences between breeds at each time point are represented by * p <0.05.  
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Figure 7.10 Molar proportions of butyric acid (%) over a 24 h period for Merino (•) and Dorper (ο) wethers fed either A) Production 1 pellets or B) Production 2 

pellets. Significant differences between breeds at each time point are represented by * p <0.05.  
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Figure 7.11 Ratio of Pr:Ac+2xBu (%) over a 24 h period for Merino (•) and Dorper (ο) wethers fed either the A) Production 1 pellets or B) Production 2 pellets. 

Significant differences between breeds at each time point are represented by * p <0.05.  
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Figure 7.12 Ratio of Ac:Pr (%) over a 24 h period for Merino (•) and Dorper (ο) wethers fed either A) Production 1 pellets or B) Production 2 pellets. Significant 

differences between breeds at each time point are represented by * p <0.05.. 
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7.4 Discussion 

7.4.1 Feed intake 

The pelleted diets fed were selected as they represent commercially available 

concentrate productions diets. The nutritional requirements for weight gain, according 

to Evergraze (2016), for a 20 kg Merino is 4.5 to 7.4 MJ ME/kg DM and 7.4 to 11.1 ME 

MJ/kg DM for 30 kg Xbred wethers, depending on desired rate of gain.  Given that the 

animals were fed at 3% LW, daily intake of ME exceeded these requirements and thus 

both rations would be considered true production diets. Whilst LW were not regularly 

monitored throughout the trial, the fact that all animals were in positive N balance 

supports these were production diets and that the animals would be in positive energy 

balance and gain weight on these rations. 

On the basis of LW, average feed intake did not differ (p > 0.05) between either the two 

sheep breeds or between the diets fed. However, total feed intake was higher in the 

Dorper (1453.11 ± 49.21 g/d) sheep compared to the Merino (846.71 ± 53.91 g/d) sheep 

as a consequence of the Dorpers being heavier than the Merinos.  

Quick and Dehority (1986) found no differences in feed intake based on LW between 

wool sheep and hair sheep. In comparing Merino, Dorper and Damara sheep, Scanlon et 

al. (2013) similarly found no difference in (restricted) feed intake between the three 

breeds.  

7.4.2 Nutrient and cellulose digestibility 

No breed differences were found in nutrient digestibility, which is similar to the results 

reported in Chapter 4, where these two breeds were fed roughage based diets. 

Researchers have previously reported differences in nutrient digestibility between low 

quality and high quality pelleted diets. For example, Sheridan et al. (2003) compared 

nutrient digestibility of both a low quality (ME 9.89 MJ/kg) and high quality (ME 12.11 

MJ/kg) feedlot pellet in South African Mutton Merinos and Boar goats. On the low 

quality pellet, the Boar goat was found to have higher CPD and DMD than the South 

African Mutton Merino, while on the high quality pellet there was no difference 

between breeds.  
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As was reported in Chapter 4, nutrient digestibility did not differ between the Dorper 

and Merino sheep when fed roughage diets, including a low-quality roughage diet 

(wheaten chaff).  Any breed differences in nutrient digestibility when fed a low quality 

roughage diet would presumably be due to difference in cellulose digestion. The lack of 

difference in cellulose digestion found in the current study further supports that there 

are no differences between Merinos and Dorpers in their ability to digest low quality 

(high cellulose) diets.  

7.4.3 Nitrogen balance 

When fed either Production 1 pellets or Production 2 pellets, the sheep were in positive 

N balance. Total N balance was significantly higher (p < 0.05) in the Dorper (17.6 g/d) 

compared to the Merino (10.2 g/d) sheep, regardless of the diet fed. This was a 

reflection of the higher total feed intake of the Dorpers as a consequence of them being 

heavier than the Merinos.  However, other researchers have found breed differences in 

N balance (N retention). Nolte and Ferreira (2004) found Merino lambs had a higher N 

retention than Dohne Merino lambs. Cronje (1992) found N retention was 33% higher 

in Angora goats (fibre breed) compared to Boar goats (meat breed) and suggested that N 

metabolism was more efficient in fibre producing small ruminants compared to meat 

producing small ruminants, which was not the case in the current study. 

As was expected, N balance was higher in animals fed Production 2 pellets (15.6 g/d) 

compared to Production 1 pellets (12.1 g/d) as a consequence of the higher CP content 

of the Production 2 pellets.  

7.4.4 Rumen pH 

Rumen pH can vary from 5.5 to 7.5 in sheep and this variation is influenced by the type 

of diet, rate and the frequency of feeding (Franzolin and Dehority 1996b). Rumen pH is 

not only affected by the fibre content of the diet, but also by the balance between 

fermentation acids and the secretion of buffers (Allen 1997). Across the two diets, there 

was no difference (p > 0.05) in rumen pH between the Dorper (6.70 ± 0.04) and Merino 

(6.75 ± 0.05) sheep. Differences in rumen pH between different breeds of sheep on the 

same diet has not been previously reported. However, differences existed relative to 

time after feeding. Regardless of which diet was fed, at 6 h after feeding rumen pH was 

significantly higher (p < 0.05) in the Dorper compared to the Merino.  
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Rumen pH is generally lowest directly after feeding, at around 0.5 to 4 h post feeding. 

This reflects the balance between rates of acid production, input of buffers from saliva 

and the presence or release of buffers or bases from the feeds (Owens and Goetsh 1988). 

This was not the case in this study where rumen pH was lowest 6 and 9 h post feeding. 

This could be due to the animals having higher levels of ruminal fermentation during 

these hours, which increases the acid load in the rumen (Rustomo et al. 2006). 

Methodological error could also indicate why pH was not found to be at its lowest at 

around 0.5 to 4 h post feeding. As ruminal samples were only collect at 3 h intervals and 

not hourly the fluctuation of ruminal pH may have been missed.  

The change in rumen pH at 6 and 9 h post feeding could also be due to subclinical 

acidosis which affects VFA absorption. Research has demonstrated that diet can affect 

the absorptive metabolism of tissue, and that high concentrate diets increase VFA 

disappearance from the rumen by absorption (Gabel et al. 1991). Feeding high quality 

concentrate diets increases the oxidation of acetic and butyric acids relative to those fed 

a low quality diet, suggesting that the regulation of VFA transport differs between 

animals fed diets of high and low concentrates (Penner et al. 2009).  On both diets at 6 

and 9 h post feeding animals experienced a depression in ruminal pH, an increase in 

total VFA concentration and a decrease in the molar proportions of acetic acid, which is 

an indication of ruminal acidosis, although no clinical signs were noted. These results 

are similar to other studies that used diets with differing forage to concentrate ratios 

(Harmon et al. 1991; McLeod and Baldwin 2000). 

Particle size also has an impact on rumen pH and salivatory secretion. The smaller the 

particle size the lower salivatory secretion occurs, thus the rumen buffering is not as 

efficient, so rumen pH is increased (Krause and Combs 2003). Given that particle size 

did not differ between the two diets, and that buffers were standard inclusion in the 

formulation of both pellets, this would also account for the lack of difference in pH 

between the two diets.  

The higher rumen pH in the Dorper compared the Merino sheep, regardless of diet, at 6 

h post feeding could be related to the particle outflow rates, which was not measured in 

this study. If the Merino had a lower particle outflow rate compared to the Dorper, this 

would result in a transient lower rumen pH in the Merino.  
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7.4.5 Ruminal ammonia concentrations  

Ruminal NH3-N concentrations are influenced by a number of factors including nature 

of the diet (including the proportions of rumen degradable and bypass protein), ruminal 

fluid outflow rates, composition of the microbial population and ruminal pH (Demeyer 

and Van Nevel 1979; Nolan and Leng 1983; Orpin and Letcher 1984).  

Average ruminal NH3-N concentrations did not differ (p > 0.05) between the breeds of 

sheep or between the diets fed. The CP content of the Production 1 and Production 2 

pellets differed (12.8% and 13.7% CP, respectively); however, the additional CP of the 

Production 2 pellet would presumably consist of rumen undegradable (bypass) protein, 

which would not have any influence on ruminal NH3-N concentrations. Bypass protein 

is related to greater intake, greater CP concentrations and faster outflow rate, which 

means more dietary protein becomes bypass protein because it moves through the 

rumen before microbial breakdown can occur (McDonald et al. 2002; Moran 2005), 

therefore it does not affect ruminal NH3-N concentrations. 

Whilst differences did not exist between the two sheep breeds in terms of average 

ruminal NH3-N concentrations, breed differences existed relative to time after feeding. 

When fed Production 1 pellets, at 3 h post feeding ruminal NH3-N concentrations were 

significantly higher (p < 0.05) in the Merino (302.8 mg/L) than in the Dorper (221.6 

mg/L). When fed Production 2 pellets, at 6 h post feeding rumen NH3-N concentrations 

were similarly significantly higher (p < 0.05) in the Dorper (114.6 mg/L) than the 

Merino (42.6 mg/L).  

The optimum ruminal NH3-N concentration to support microbial growth is 50-80 mg 

NH3-N/L (Satter and Slyter 1974). Low ruminal NH3 concentrations can restrict 

microbial growth and thus microbial protein synthesis (Slyter et al. 1979) and reduce 

the rate of digestion of fibre and cellulose (Lee et al. 1985).  Regardless of which 

production pellet was fed, ruminal NH3-N concentrations exceeded these concentrations 

at all sampling times, with the exception of 6 h post feeding Production 1 pellets to the 

Merino sheep and at 18, 21 and 24 h post feeding Production 2 pellets to the Merino 

sheep.   At this time microbial growth would have been suboptimal and thus may have 

had some impact, although likely minor, on total microbial protein synthesis. Once 

microbial needs and optimal levels of fermentation are met, any excess in ruminal NH3-

N/L is deemed excessive and unnecessarily costly (Mahrez et al. 1977). 
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7.4.6 Rumen volume and ruminal fluid outflow rates 

Regardless of which diet was fed, ruminal fluid volumes did not differ (p > 0.05) 

between the Dorper (7.25 L) and Merino (6.98 L) sheep. Rumen volumes typically 

range from 2 to 8 L in sheep (Purser and Moir 1966; Duric et al. 1994), as was the case 

in this study. 

Differences in ruminal fluid outflow rates can be a reflection of differences in nutrient 

digestibility and VFI, either between animals or between diets (Bartocci et al. 1997). 

When fed Production 2 pellets, ruminal fluid outflow rates were higher (p < 0.05) in the 

Dorper (4.22 L/d) compared to the Merino (2.42 L/d) sheep; however, there were no 

differences when the sheep were fed Production 1 pellets.  

Mwenya et al. (2003) found that Dorper sheep had significantly (p < 0.001) higher 

DMD and longer total mean retention times for both fluid and particles than indigenous 

fat sheep. Given that there were no differences in nutrient digestibility (suggesting no 

differences in particle outflow rates) or relative feed intake (LW basis) between the two 

breeds in this study, the reason(s) for the differences in ruminal fluid outflow rates are 

not readily explainable.  The outflow rates of particles was not measured in this study; 

furthermore, higher ruminal fluid outflow rates do not necessarily correlate to particle 

flow rates (Waghorn and Reid 1983). There are a number of factors that can modify 

passage rate of solids through the rumen including species, feeding level, forage: 

concentrate ratio (Ehle 1984; Bartocci et al. 1997), specific gravity of particles (Martz 

and Belyea 1986), particle size, amount of feed protein escaping fermentation (Hartnell 

and Satter 1979) and environmental temperatures (Barnett et al. 2015). However, all of 

these factors except species would have been consistent for this study.  

7.4.7 VFA concentrations and proportions  

Regardless of which production pellet was fed, the concentrations and proportions of 

both acetic and butyric acids were higher in Dorper sheep compared to Merino sheep, 

while the molar proportions of propionic acid were higher (p < 0.05) in the Merino than 

in the Dorper sheep. Differences in the molar proportions of individual VFA are of 

greatest importance when considering differences in LW and BCS; however, when LW 

was analysed based on pre-treatment weight (i.e., LW gain), there was no difference 

between sheep breeds. However, Dorper sheep had higher proportions of butyric acid, 

which tend to indicate fattening. Due to higher production found on the grazing trials 
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(Chapter 4 and 6) with Dorper sheep it can be assumed that fattening of the Dorper may 

be due to differences in molar proportions of acetic and butyric acids.  

Increased propionic acid also plays a role in CH4 production. Merino had a higher 

concentration and proportion of propionic acid which could align with decreased CH4 

production, while the increased acetic acid concentration and proportion in Dorpers 

would indicate increased relative CH4 production. Molar proportions of VFA influence 

the production of CH4 in the rumen. Acetic and butyric acids promote CH4 production, 

while propionic acid is a competitor for H use in the rumen and thus diets which favour 

propionic acid production such as starch/grained based diets decrease CH4 production 

(Moss et al. 2000). This indicates that potentially methanogens differ between the sheep 

breeds when fed the same diets. 

An explanation for the higher acetic acid and butyric acid concentrations and 

proportions in the Dorper compared to the Merino sheep could also be due to 

differences in microbial populations and thus, microbial growth. By affecting microbial 

growth, this will affect the concentrations and proportions of VFA (France and 

Dijkastra 2005), amino acid supply (Merchen et al. 1986) and in turn will have a major 

impact on energy efficiency in the animal (this is investigated further in Chapter 8). 

Microbial protein synthesis may increase due to an increase in rumen outflow rate 

(Stern et al. 1983). The increase may be due to a decrease in DM and CP degradation in 

the rumen with an increase in available protein in the large intestine (Tamminga 1979; 

Evans 1981; Ørskov 1992). Due to the nature of the trial, it was not possible to 

investigate potential differences in the composition of the rumen microbial population; 

in the first instance, potential differences in both the size and the composition of the 

protozoal and fungal population. Microbial populations play a major role in 

fermentative digestion. These organisms, which include bacteria, protozoa and fungi 

live in a symbiotic relationship with the host and convert lignocellulosic feeds into 

VFAs which serve as a source of energy for the host animal. Study of microbial 

populations within these different sheep breeds would allow a greater understanding of 

the differences in VFA concentrations and proportions found in this study. 

As previously reported in Chapter 4 (4.4.5) there is little published data on branched-

chain VFA, and more research needs to be undertaken to understand the importance of 

these acids in terms of the relationship they have with diets fed and differences between 
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sheep breeds. Branched chain VFA are required for the growth of several strains of both 

cellulolytic and non-cellulolytic rumen bacteria (Allison et al. 1961).  

The ratio of Pr:Ac + 2 x Bu was significantly higher (p < 0.05) in the Merino than in the 

Dorper sheep, regardless of diet fed, while conversely the ratio of Ac:Pr was higher in 

the Dorper (p < 0.05) compared to the Merino sheep. The ratio of Ac:Pr tends to 

increase as the fibre content of the diet increases (Orskov et al. 1978); although, in this 

study the fibre content of the two production pellets was similar. Orskov et al. (1978) 

suggested that if the Ac:Pr ratio exceeds 4:1, sheep would limit their intake to that 

which could be metabolised at normal energetic efficiency. All of the Ac:Pr ratios in 

this study were less than 4:1 and therefore would not have impacted on feed intake. 

Differences in time after feeding have occurred in total VFA concentrations, the 

concentration and proportions of acetic and butyric acids, the concentration of hexanoic 

acid and the proportion of propionic acid and the ratio of Pr:Ac+2xBu and Ac:Pr. This 

could be due to differences in cellular material synthesised (Hegarty 2004) in the rumen 

at this time post feeding and/or an indication of an increase in available ME to the 

Dorper from the diets (Baldwin and Allison 1983).  

7.5 Conclusion 

No difference in nutrient digestibility was found in Merino and Dorper sheep when fed 

two high quality concentrate diets. However, differences were found in ruminal outflow 

rate and in the concentration and proportion of VFA, such as acetic and butyric acids. 

These differences could be due to differences in particle outflow in the rumen and/or 

differences in microbial populations in the Merino and Dorper sheep. Energy 

metabolism may assist in getting a better understanding of why there seems to be 

differences between Merino and Dorper sheep, especially in terms of VFA production.   
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CHAPTER 8: EFFECTS OF EXOGENOUS ADMINISTRATION OF 

SPECIFIC HORMONES AND METABOLITES ON CIRCULATING 

HORMONE AND METABOLITE CONCENTRATIONS IN 

MERINO AND DORPER SHEEP BREEDS. 

8.1 Introduction 

Energy utilisation is the energy balance of the whole body in individual animals, which 

is related to the intake of energy and the subsequent losses in energy (faeces, urine, 

gases and heat production), which in turn determines the amount of energy retained by 

the animal and the efficiency of growth in the animal (Webster 1989). Energy balance is 

dependent on the ME of the feed offered, heat production due to metabolic processes 

and the energy retained within an animal due to the actual deposition of fat and protein 

tissue mass. Variations in heat production and energy retained are likely to have 

significant impacts on whether some animals are more efficient than others in their 

utilisation of energy (Blaxter 1989; Webster 1989). 

There are a number of factors that influence the utilisation of energy in the ruminant, 

including differences in nutrient digestibility, differences in microbial substrate supply, 

differences in the supply of glucose precursors, the physiological state of the animal and 

differences in the stress response of animals.   

As reported in Chapters 5 and 7, when fed the same diets, no differences in nutrient 

digestibility in Merino and Dorper sheep were identified; therefore, it can be assumed 

that this factor would not contribute to differences in energy utilisation between these 

two breeds of sheep.  

Ammonia is derived mainly from endogenous and exogenous urea or other non-protein-

N sources or from microbial catabolism of amino acids and peptides (Nolan and Leng 

1972), while VFA are the end-products of microbial fermentation. As previously 

reported, when Merino and Dorper sheep were fed concentrate-based diets (Chapter 7) 

there were no differences in ruminal NH3-N concentrations. However, differences in 

VFA concentrations and proportions were evident and this may subsequently result in 

differences in microbial growth and (microbial) protein synthesis, and consequently 

differences in energy utilisation between these two breeds of sheep.  
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The concentrations of VFA not only have a potential impact on microbial growth and 

protein synthesis, but may also impact directly on the energy status of the animal via 

supply of glucose precursors, in particular propionic acid. When fed a low quality 

roughage diet (Chapter 5) the proportions of propionic acid were significantly higher (p 

< 0.05) in Dorper compared to Merino sheep. In contrast, when fed a concentrate-based 

diet, propionic acid proportions were significantly higher (p < 0.05) in Merino 

compared to the Dorper sheep (Chapter 7). The differences in the molar proportions of 

propionic acid could potentially influence gluconeogenesis; however, it would not be to 

the same degree as if the differences were in the concentrations of propionic acid, as 

then there would be an absolute increase in the supply of glucose precursor. 

When there is an increase in glucose supply and glucose utilisation, weight gain occurs. 

Insulin, produced by the β cells of the pancreatic islets, stimulates the uptake and 

metabolism of glucose by most cells of the body, especially skeletal muscle and adipose 

tissue. Compared to non-ruminants, insulin concentrations are less variable in ruminants 

as the release of energy from VFA is slower and therefore the range of blood glucose 

concentrations is smaller (compared to non-ruminants), ranging from 2.5-4.44 mmol/L 

in cattle (Hossner 2005) and 2.75-3.35 mmol/L in sheep (Reid 1950). 

When glucose is limited and the rate of gluconeogenesis does not meet the glucose 

requirements, alternative energy sources are needed. These alternative energy sources 

are primarily fats from adipose tissue and protein from muscle (Brockman and Laarveld 

1986).  

Differences in the stress response may also impact on energy utilisation when 

comparing different breeds of sheep. A stress response changes the metabolic efficiency 

of the animal due to the preferential redirection of nutrients to allow the animal to cope 

with the stressor and maintain physiological homeostasis. In times of psychological or 

physical stress (such as mustering, transportation and starvation) or when glucose is 

limited (Bowden 1971), ruminants have the ability to mobilise their adipose tissue to 

form non-esterified fatty acids (NEFA) and diffusion of NEFA into the blood provides 

energy to tissues throughout the body (Chilliard et al. 1998). Plasma NEFA 

concentrations are higher before feeding than after feeding and are modified by the 

nutritional status of the animal (Chilliard et al. 2000). Plasma NEFA concentrations are 

therefore a useful index of energy status as well as being related to body fatness 

(Bowden 1971; Henry et al. 2000).  
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Release of the hormone epinephrine is usually in response to periods of sudden stress, 

fasting, exercise and the ‘fight or flight’ response. In response to events that reduce 

blood glucose concentrations, epinephrine is among the most effective regulators of 

adipose tissue lipolysis (Chilliard et al. 1998) as it stimulates gluconeogenesis and 

promotes glycogenolysis in both the liver and in skeletal muscles (Sherwin and Sacca 

1984) to provide energy to the animal. Epinephrine also suppresses pancreatic insulin 

release and induces glucagon secretion. These effects combine to assure that high blood 

glucose concentrations are maintained for use as an energy source. In addition, lipolysis 

of adipose tissue is enhanced providing NEFA and glycerol that can be metabolised for 

energy production or used to produce additional glucose by the process of 

gluconeogenesis (Hossner 2005). 

The stress response or the susceptibility of an animal to a stressor may have a 

significant impact on energy utilisation. Stress increases metabolic rate in the animal 

through increased catabolism. Furthermore, components of the hypothalamic-pituitary-

adrenal (HPA) axis are implicated in appetite and energy homeostasis regulation 

(Guillemin 2005) and the actions of the sympathetic adrenal-medullary (SAM) axis also 

acts to increase energy availability to the animal. The relationship of the HPA axis and 

SAM axis, in conjunction with the susceptibility of the animal to a stressor are 

significant in determining energy utilisation in the animal (Matteri 2001). 

Stress in animals induces numerous physiological changes, such as circulatory and 

respiratory changes as well as an increase in body temperature (Astruc et al. 2002). 

These physiological changes can be caused by homeostatic signals or changes in the 

response to these signals, thus making a stress response a useful tool for assessing tissue 

sensitivity and the response of the animal to hormone and metabolite challenges. A 

number of studies have been undertaken comparing energy metabolism between 

different breeds of sheep (Forbes et al. 1998; Hatfield et al. 1999; Martin et al. 2011; 

Ponnampalam et al. 2012); however, no comparative studies have been undertaken 

using Merino and Dorper sheep.  

The aim of this study was to: 

• Examine and compare the basal and hormone/metabolite (insulin and 

epinephrine) induced stress response between Merino and Dorper sheep as a 

measurement of energy metabolism when fed a high quality diet. 
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8.2 Materials and Methods 

This study was conducted as a separate but direct follow-on of the feeding trial reported 

in Chapter 7. All trial procedures were undertaken with approval of CSU’s Animal Care 

and Ethics Committee (protocol number: 14/009).  

8.2.1 Experimental animals 

Five Merino wether weaners (30.4 ± 2.38 kg) and five Dorper wether weaners (51.0 ± 

2.38 kg), previously used for the study reported in Chapter 7, were selected. The sheep 

were maintained in individual pens (1.5 x 1.5 m), and were fed the experimental diet for 

two weeks prior to the commencement of the hormone challenges. The wethers were 

fed the same concentrate-based diet (EasyOne®) as they were fed for the study reported 

in Chapter 7. The nutritive value of the diet is presented in Table 7.1. 

The animals were fed for production (as opposed to maintenance) at a level equivalent 

to 3% of their LW on a DM basis. The daily feed allocation was split into two equal 

portions, one that was fed at 0900 and the other fed at 1630. The split feeding was 

undertaken to minimise fluctuations in circulating metabolite and hormone 

concentrations. On the day of the challenges, the animals were fed 2 h prior to the first 

blood sample being collected. Fresh, clean water was available at all times. 

8.2.2 Sample collection and analysis 

8.2.2.1 Insertion of jugular catheters 

The sheep were inserted with an in-dwelling polyethylene jugular catheter (Tyco 

Electronics/ BIOCORP Aust. Pty Ltd, Huntingdale, Vic; 3166, i.d. 1.0 mm, o.d. 1.5 

mm) the day before the commencement of the hormonal challenges. To prepare the 

insertion site the animal was restrained, and the wool clipped from the area around the 

jugular furrow and vein, which was subsequently disinfected with a chlorohexadine 

surgical scrub and a chlorhexadine/alcohol (70% ethanol) solution. Once the jugular 

vein was located a 14 gauge needle and wire guide were inserted into the vein; the wire 

guide was inserted into the vein to approximately 20 cm. The needle was then removed 

and the polyethylene catheter was then threaded onto the wire guide and into the vein, 

up to approximately 20 cm, and the wire guide was removed. The catheter was then 

affixed to the skin using superglue and sticking plaster, close to the insertion point. The 

extra tubing (of approx. 30 cm) that was outside the animal’s body was placed along the 
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neck, and taped at the top of the neck. A Tensoblast bandage was then wrapped around 

the animal’s neck to reduce the movement of the catheter.   

When the catheter (and 3-way tap) was not in use it was maintained with a heparin 

saline locking solution (10 000 IU heparin and saline with a total volume of 5 mL). To 

prevent dislodging, the catheter and 3-way tap were tucked away under a protective 

covering at the back of the neck.  

At the conclusion of the study, the catheters were removed (pressing a gauze over the 

insertion site and gently removing) and the site was treated with a topical antibiotic 

spray (Oxytetracycline hydrochloride 2.0 mg/g Terramycin™ Pinkeye Aerosol, Pfizer 

Animal Health, Pty Ltd, West Ryde, NSW 2114). The sheep were injected 

intramuscularly in the neck with a long acting broad spectrum antibiotic (Ilium Oxytet-

200) at a dose of 1 mL/10 kg LW at the conclusion of this experiment.  

8.2.2.2 Blood collection 

The blood samples were collected from the jugular catheters, using a 3-way stop-cock 

which was attached to the external end of the tubing. At collection, a 5 mL syringe was 

attached to the stop-cock, and once opened a 1-2 mL sample of blood was collected into 

the syringe. The syringe was then removed and the evacuated blood disposed of, and a 

further 5 mL of blood was collected. Once the sample was collected, 2-3 mL of a 

heparinised saline solution (50 IU/mL) was used to flush the catheter, to prevent blood 

clotting in the tubing. The stop-cock was then closed and the syringe removed, this 

procedure occurred every time a sample was collected. The blood sample was then 

transferred from the syringe to a 4 mL evacuated glucose tube (containing sodium 

fluoride and potassium oxalate) for both glucose and NEFA analysis, and placed on ice. 

The whole blood samples were then centrifuged at 3000 rpm for 10 min at 4ºC and the 

plasma was decanted into duplicate sample tubes and stored at -20ºC until analysis. 

8.2.2.3 Insulin and epinephrine challenges 

Insulin (day 1) and epinephrine (day 2) challenges were undertaken over the course of 

two consecutive days, with one type of challenge on each day. On the first day of the 

challenges, all the animals were fed 2 h prior to the commencement of blood collection. 

After three basal samples were collected at -30, -15 and -1 min relative to the injection 

time, insulin (Actrapid Human Insulin, 10 mL vial containing 100 IU/mL: Novo 
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Nordisk Pharmaceuticals Pty, Ltd, Baulkham Hills, NSW, Australia) was administered 

at a rate of 10 µg/kg LW (Ponnampalam et al. 2012). Following the injection the 

catheter was flushed with 5 mL of heparinised saline. Blood samples were then 

collected at 5, 10, 15, 20, 30, 45, 60, 90 and 120 min relative to time of injection.  

The next day the wethers were fed and treated similarly and blood samples were 

obtained following the same time schedule as that of the insulin challenge. Epinephrine 

(Aspen Adrenaline Injection, 1mg/1 mL; 1.82 mg adrenaline tartrate/mL: Aspen, Aspen 

Pharmacare Pty, Ltd, St Leonards, NSW, Australia) was administered at a rate of 0.8 

µg/kg LW (Ponnampalam et al. 2012).  

Both the insulin and epinephrine were prepared in a saline solution (0.9% NaCl) before 

injection. Following the last blood collection for the epinephrine challenge, the catheters 

were removed (as previously described).      

8.2.3 Laboratory analyses 

8.2.3.1 Plasma glucose concentrations 

Plasma glucose concentrations were determined using enzyme immunoassay (Thermo 

Infinity Glucose reagent TR15421; Thermo Scientific) analysed by an automated 

spectrophotometer (Konelab 30i, Thermo Scientific). The sensitivity of the assay was 

0.038 ΔAbs per mmol/L or 0.002 ΔAbs per mg/dL. The mean of the plasma glucose 

concentrations of samples collected at -30, -15 and -1 min was used as a baseline for 

each of the experimental animals. Concentration over time, maximum (following 

epinephrine challenge) or minimum (following insulin challenge) concentration, time of 

maximum concentration, change in glucose and post-challenge hormone/metabolite 

concentrations were also calculated from the mean plasma glucose concentrations. 

8.2.3.2 Plasma NEFA concentrations 

Plasma NEFA concentrations were measured using enzymatic end-point assay (Radox 

NEFA FA118; Radox) analysed by a chemistry analyser (Kone Clinical Chemistry 

Analyser). The uncertainty of measurement for 95% level of confidence was ± 0.098 

mM at 4.14 mM.  The mean of the plasma NEFA concentrations of samples collected at 

-30, -15 and -1 min was used as a baseline for each of the experimental animals. 

Concentration over time, maximum (following epinephrine challenge) or minimum 

(following insulin challenge) concentration, time of maximum concentration, change in 
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NEFA post-challenge hormone/metabolite concentrations were also calculated from the 

mean plasma NEFA concentrations. 

8.2.5 Statistical analyses 

Post-challenge hormone/metabolite concentrations were corrected for pre-challenge 

concentrations, by the subtraction of the mean baseline concentrations for each of the 

experimental animals. Changes in the plasma glucose and NEFA concentrations over 

time and post-challenge hormone/metabolite concentrations were analysed by repeated 

measures analysis using the mixed model procedure in the SAS statistical program 

(SAS Institute Inc. 1997). The analysis examined the fixed effects of breed and time 

after challenge as well as the interaction between fixed effects. The data for glucose and 

NEFA were also analysed by comparing pre-treatment and treatment segments using 

area under the concentration-time curve (AUC) over all time. These were analysed 

using SigmaPlot 8.0 and Microsoft Excel 2016. Calculation of AUC provides an 

indication of the total exposure to a hormone over time. True AUC was measured and 

then the baseline value was subtracted from each individual data point to assess if the 

baseline value for each individual animal and breed had an overall effect. The adjusted 

AUC values were subjected to an unpaired t-tests between the two sheep breeds. An 

alpha of 0.05 was used for all statistical tests. 

8.3 Results 

8.3.1 Baseline metabolite/hormone concentrations 

Baseline blood glucose and NEFA concentrations (averaged over the three pre-

challenge samples) and AUC prior to the insulin and epinephrine challenges are 

presented in Tables 8.1, 8.2, 8.3 and 8.4, respectively. For both challenges, baseline 

blood glucose concentrations and AUC glucose were significantly higher (p < 0.05) in 

the Dorper compared to the Merino sheep, whilst baseline blood NEFA concentrations 

and NEFA AUC did not vary (p > 0.05) between the two breeds.  

8.3.2 Insulin challenge 

The 10 µg/kg LW dose of insulin caused a relatively constant rate of decline in plasma 

glucose concentrations between 1 and 30 min following the injection (Figure 8.1A) in 

both breeds. Mean (Table 8.1) glucose concentrations at 5, 10, 30, 40 and 60 min post 

injection (Figure 8.1A) were significantly (p < 0.05) higher in the Dorper compared 
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with the Merino sheep. However, the overall magnitude of the change (adjusted AUC 

from baseline) in glucose concentrations following the injection of insulin (Table 8.1 

and 8.2) did not differ (p > 0.05) between the two breeds, although the post-injection 

concentrations (subtracted from baseline) in plasma glucose concentrations at 45 min 

post injection was significantly higher (p < 0.05) in the Dorper compared to the Merino 

sheep (Figure 8.2A). 

As shown in Figure 8.1B NEFA concentrations initially declined in response to the 

injection, and then from 15 min after injection rose steadily to concentrations higher 

than baseline concentrations. Mean and minimum NEFA concentrations did not differ 

(p > 0.05) between the Merino and Dorper sheep (Table 8.1); however, the post-

injection concentrations (subtracted from baseline) in plasma NEFA concentrations at 

120 min post injection (Figure 8.2B) was significantly higher (p < 0.05) in the Dorper 

compared to the Merino sheep. Overall, the magnitude of the change (from baseline) in 

NEFA concentrations and adjusted AUC (minus baseline) NEFA following the 

injection of insulin (Table 8.1 and 8.2) did not differ (p > 0.05) between the two breeds. 

The time of minimum plasma glucose and NEFA concentrations did not vary (p > 0.05) 

between the two breeds, with glucose concentration minimising at 35-51 min after the 

injection and plasma NEFA concentrations minimising 17-19 min after the injection 

(Table 8.1).  
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Table 8.1 Mean (± SE) plasma glucose and non-esterified fatty acid (NEFA) concentrations and 
time of minimum concentrations following injection of 10 µg insulin/kg LW. 

Parameter Merino Dorper 

Basal glucose concentration (mmol/L) 3.61 (± 0.10)a 4.03 (± 0.10)b 

Post injection 

Glucose concentration (mmol/L) 2.35 (± 0.12)a 2.93 (± 0.12)b 

Minimum glucose concentration (mmol/L) 1.36 (± 0.10)a 2.12 (± 0.10)b* 

Time of minimum glucose concentration 

(min) 

51.0 (± 6.06) 35.0 (± 6.06) 

Change in glucose concentration (mmol/L) 2.25 (± 0.12) 1.91 (± 1.12) 

Basal NEFA concentration (mmol/L) 0.25 (± 0.17) 0.17 (± 0.18) 

Post injection 

NEFA concentration (mmol/L) 0.34 ± 0.12 0.33 ± 0.12 

Minimum NEFA concentration (mmol/L) 0.05 (± 0.03) 0.08 (± 0.04) 

Time of minimum NEFA concentration 

(min) 

19.6 (± 4.18) 17.6 (± 4.25) 

Change in NEFA concentration (mmol/L) 0.21 (± 0.14) 0.11 (± 0.15) 

Values within rows with varying superscript differ (p < 0.05) * p < 0.001 
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Table 8.2 Mean (± SE) area under the response curve (AUC) and adjusted (minus baseline) 

AUC for plasma glucose and non-esterified fatty acid (NEFA) concentrations following 

injection of 10 µg insulin/kg LW.  

Parameter Merino Dorper p-value (Breed) 

AUC glucose (mmol/L.min)  (339.7 ± 34.30)a  (481.5 ± 19.62)b 0.007 

Adjusted (minus baseline) AUC 

Glucose (mmol/L.min) 

(181.30 ± 16.35) (166.13 ± 9.14) 0.44 

AUC NEFA (mmol/L.min) (49.27 ± 22.59) (48.35 ± 15.77) 0.97 

Adjusted (minus baseline) AUC 

NEFA (mmol/L.min) 

(7.19 ± 6.59) (10.63 ± 13.28) 0.82 

*Means within each row with different superscripts differ significantly (p <0.05).
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Figure 8.1 Mean (A) plasma glucose and (B) plasma NEFA concentrations following injection of insulin in Merino (●) and Dorper (○) wethers fed a concentrate-

based, pelleted diet. Significant differences between the two sheep breeds at each time point are represented by * (p < 0.05); error bars are the standard error of the 

least square means.

A B 
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Figure 8.2 Post-challenge concentrations (following subtraction of baseline concentrations) in (A) plasma glucose and (B) plasma NEFA concentrations following 

injection of insulin in Merino (●) and Dorper (○) wethers fed a concentrate-based, pelleted diet. Significant differences between the two sheep breeds at each time 

point are represented by * (p < 0.05); error bars are the standard error of the least square means. 
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8.3.3 Epinephrine challenge 

Following the injection of epinephrine, mean glucose concentration and glucose 

concentrations at all sampling times post injection were significantly higher (p < 0.05) 

in the Dorper compared to the Merino sheep (Figure 8.3). Whilst maximum glucose 

concentration was also significantly higher (p < 0.001) in the Dorper compared to the 

Merino sheep (Table 8.2), the post-injection concentration (when subtracted from 

baseline) in glucose concentrations following the injection of epinephrine (Table 8.2 

and Figure 8.4A) did not differ (p > 0.05) between the two breeds. 

Mean and maximum NEFA concentrations (Table 8.2) as well as NEFA concentrations 

at any of the sampling times post injection (Figure 8.3B) did not differ (p > 0.05) 

between the two breeds. When subtracted from baseline, NEFA concentrations 

following the injection of epinephrine (Table 8.1 and Figure 8.4B) also did not differ (p 

> 0.05) between the two breeds. 

The time of peak plasma glucose and NEFA concentrations did not vary (p > 0.05) 

between the two breeds, with glucose concentration peaking at 10-16 min after the 

injection and plasma NEFA concentrations peaking 5-8 min after the injection.  
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Table 8.3 Mean (± SE) plasma glucose and non-esterified fatty acid (NEFA) concentrations and 
time of peak concentration following administration of 0.8 µg epinephrine/kg LW.  

Parameter Merino Dorper 

Baseline glucose concentration (mmol/L) 3.53 (± 0.16)a 4.07 (± 0.17)b 

Post injection 

Glucose concentration (mmol/L) 4.17 ± 0.13a 5.06 ± 0.13b 

Maximum glucose concentration (mmol/L) 4.74 (± 0.20)a 5.76 (± 0.20)b* 

Time of maximum glucose concentration 

(min) 

16.8 (± 5.53) 10.3 (± 5.88) 

Change in glucose concentration (mmol/L) 1.31 (± 0.23) 1.80 (± 1.81) 

Baseline NEFA concentration (mmol/L) 0.19 (± 0.11) 0.23 (± 0.11) 

Post injection 

NEFA concentration (mmol/L) 0.20 ± 0.09 0.22 ± 0.09 

Maximum NEFA concentration (mmol/L) 0.40 (± 0.14) 0.40 (± 0.14) 

Time of maximum NEFA concentration 

(min) 

5.0 (± 1.41) 8.0 (± 1.41) 

Change in NEFA concentration (mmol/L) 0.21 (± 0.06) 0.18 (± 0.06) 

*Means within each row with different superscripts differ significantly (p <0.05).
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Table 8.4 Mean (± SE) area under the response curve (AUC) and adjusted (minus baseline) 

AUC for plasma glucose and non-esterified fatty acid (NEFA) concentrations following 

administration of 0.8 µg epinephrine/kg LW.  

Parameter Merino Dorper p-value (Breed) 

AUC glucose (mmol/L.min) 720.6 ± 29.48a 878.05 ± 16.81b 0.002 

Adjusted AUC glucose 

(mmol/L.min) 

98.48 ± 5.03 121.38 ± 11.43 0.13 

AUC NEFA (mmol/L.min)  18.41 ± 10.48)  (20.73 ± 7.94) 0.86 

Adjusted AUC NEFA  

(mmol/L.min) 

 (8.92 ± 5.05)  (15.83 ± 9.16) 0.53 

*Means within each row with different superscripts differ significantly (p < 0.05) 

As shown in Figure 8.2A and B and Figure 8.4A and B, once the baseline was 

subtracted from the plasma concentrations, both sheep breeds had the same response to 

the hormone/metabolite challenges. 
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Figure 8.3 Mean (A) plasma glucose and (B) plasma non-esterified fatty acid (NEFA) concentrations following injection of epinephrine in Merino (●) and Dorper 

(○) wethers fed a concentrate-based, pelleted diet. Significant differences between the two sheep breeds at each time point are represented by * (p < 0.05)’ error bars 

are the standard error of the least square means. 
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Figure 8.4 Post-challenge concentrations (following subtraction of baseline concentrations) in (A) plasma glucose and (B) plasma non-esterified fatty acid (NEFA) 

concentrations following injection of epinephrine in Merino (●) and Dorper (○) wethers fed a concentrate-based, pelleted diet. Significant differences between the 

two sheep breeds at each time point are represented by * (p < 0.05); error bars are the standard error of the least square means.
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8.4 Discussion 

8.4.1 Basal plasma glucose concentrations 

Ruminants absorb little dietary carbohydrate as hexose sugar, instead glucose needs are 

met by gluconeogenesis, and thus the regulation of glucose production in ruminants is 

via regulation of gluconeogenesis.  The most important glucose precursor in ruminants 

is propionic acid. Blood glucose concentrations typically range from 2.75-3.35 mmol/L 

in sheep (Reid 1950). 

The Dorper is a non-woolled, meat breed, and due to it being developed from the 

Blackhead Persian (a fat-tailed breed), and thus it is prone to deposit more fat than the 

Merino (Kilminster and Greeff 2011). The LW of the Dorper tends to be higher than 

that of the Merino, when compared at similar ages. For example, Schoeman (2000) 

reported that the BW of the Dorper at 12-18 months of age was approximately 40-45% 

heavier in the Merino. This was also found in this study where animals of similar age 

were different in weight. The Dorper was significantly heavier (51.0 ± 2.38 kg) 

compared to the Merino (30.4 ± 2.38 kg); and although BCS was not measured, they 

presumably also had higher BCS as previously found (Chapters 5 and 6).  

Body condition is defined as the relationship between fat and non-fat tissues in the 

animal, and is a widely accepted measurement of nutritional status in sheep (Caldeira et 

al. 2007). Caldeira et al. (2007) showed that increased BCS was associated with 

increased blood glucose concentrations. Ewes with a BCS of 4 had a mean glucose 

concentration of 3.29 ± 0.11 mmol/L, and at BCS of 2 had a mean glucose 

concentration of 3.02 ± 0.10 mmol/L. They also found that animals with an increasing 

BCS generally exhibited changes or a gradual rise in plasma glucose concentrations, 

particularly in those with a high BCS. The mean baseline glucose concentration for the 

Merino sheep ranged from 3.53– 3.61 mmol/L, while for the Dorper sheep ranged from  

4.03– 4.07 mmol/L; which is higher than values reported by Caldeira et al. (2007), but 

the change in mean glucose concentrations between BCS is similar to what was found 

between the two sheep breeds. Therefore it can be assumed that Dorpers had a higher 

BCS than the Merino, and this accounted for the different baseline plasma glucose 

concentrations between the sheep breeds.   
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A BCS of 4-5 has been linked to obesity in the ruminant animal (Francis et al. 1999). 

Obesity, especially in ruminants has variable effects on the metabolic pathways of 

insulin and glucose. Francis et al. (1999) found lean genotype sheep had higher basal 

blood glucose concentrations compared to fat genotype sheep, but basal blood insulin 

concentrations did not vary between the two genotypes. However, there has been other 

work investigating insulin and glucose concentrations in the nutritionally obese breeds, 

Suffolk (McCann and Bergman, 1988) and Dorset (McCann et al. 1987) sheep, which 

showed that both basal blood insulin and glucose concentrations were greater in obese 

animals when compared to lean animals. Eryavuz et al. (2007) compared basal 

hormone/metabolite concentrations between fat-tailed and thin tailed sheep breeds and 

found that the fat-tailed breed (Akkaraman) had a significantly lower (p < 0.05) basal 

plasma glucose concentration (2.72 ± 0.10 mmol/L) compared to the thin tailed 

Anatolian Merino (3.11 ± 0.09 mmol/L) sheep breed. This data contradicts what was 

found in this study and the previous studies mentioned earlier.  

Ponnampalam et al. (2012) found insulin resistance was associated with fatness, which 

may contribute to differences in insulin. They also suggested that differences of 

sensitivity to epinephrine may be related to the relative differences in both hepatic and 

muscle glycogen stores between breeds and to differences in the glycolytic potential of 

muscle fibres.  

8.4.2 Basal plasma NEFA concentrations 

Plasma NEFA concentrations are a useful tool in determining energy status as well as 

being related to body fatness in the ruminant (Chillard et al. 2000; Henry et al. 2000). 

When NEFA is released from adipose tissue, it is a net result of lipolysis of adipocyte 

triacyglycerols by hormone sensitive lipase, and the re-esterification in situ of some of 

the liberated fatty acids (Chillard et al. 2000). NEFA is increased in the body during 

periods of low or negative energy balance, brought on by such things as lactation and 

under nutrition (Dunshea et al. 1988). Chillard et al. (2000) reported that when sheep 

were fed a diet of 0.5% of their maintenance requirements, plasma NEFA 

concentrations ranged from 0.2-0.5 mmol/L and when fed 1.1% of maintenance 

requirements plasma NEFA concentrations ranged from 0.0-0.30 mmol/L. These results 

are similar to those found in this study. The Merino (0.19-0.2 mmol/L) and Dorper 

(0.17-0.23 mmol/L) wethers were fed a production-type pellet diet (as opposed to 
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maintenance level feeding) and their plasma NEFA concentrations were similar to those 

animals fed a diet at 1.1% of maintenance requirements.   

Ponnampalam et al. (2012) found that when Merino and second cross (2X) lambs were 

fed a moderate quality diet, the Merino (44.4 ± 2.3 kg) lambs had lower basal NEFA 

plasma concentrations compared to the 2X (50.4 ± 3.6 kg) lambs. However, there were 

no differences (p < 0.05) in plasma NEFA concentrations between Merino and Dorper 

sheep. Due to the Merinos having significantly (p < 0.05) lower LW and therefore 

presumably lower BCS than the Dorpers, NEFA was expected to be higher in the 

Merino.  

8.4.3 Metabolic responses to insulin challenge 

Administration of insulin caused a typical, rapid hypoglycaemic response in all sheep. 

Post injection mean and minimum glucose concentrations were higher (p < 0.05) in the 

Dorper sheep compared to the Merino sheep; however, the magnitude of the response to 

insulin did not vary between the two sheep breeds.   

Pre and post injection of insulin, NEFA concentrations did not vary between the two 

genotypes. This is in contrast to the findings of Ponnampalam et al. (2012), where at 

around 30 min post insulin injection there was a rebound in the plasma NEFA 

concentrations in Merino lambs compared to the 2X lambs. This was not found in this 

study, which indicates that neither the Dorper nor the Merino sheep produced energy in 

the body by breaking down fat sources such as triglycerides. This indicates the animals 

were not in a state of stress during this challenge (or during the epinephrine challenge). 

However, if a diet of low quality was fed, a NEFA response may have occurred.   

The magnitude of the response to insulin in both plasma glucose and NEFA 

concentrations did not vary between the two sheep breeds. 

8.4.4 Metabolic responses to epinephrine challenge 

The use of an exogenous hormone or metabolite to stimulate the normal metabolic 

response of an animal is a powerful technique for determining if there is variation in the 

physiological processes related to energy utilisation (Dunshea and King 1995; Dunshea 

et al. 1998; Ostrowska et al. 2002).  Epinephrine stimulates lipolysis, glycogenolysis 

and glucogenesis in the animal and therefore provides energy. Lipolysis of adipocytes 
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triglycerides and re-esterification of liberated fatty acids cause NEFA to be released 

from adipose tissue.  

The increases in plasma glucose and NEFA concentrations after the administration of 

epinephrine indicate that the dose was sufficient to elicit a response. The epinephrine 

injection caused a rapid increase in NEFA concentrations and caused rapid 

hyperglycaemia (Figure 8.3 A and B). Actual glucose and NEFA concentrations were 

higher in Dorper (5.06 ± 0.13; 0.23 ± 0.11 mmol/L) compared to the Merino (4.17 ± 

0.13; 0.19 ± 0.11 mmol/L), but the magnitude of the response in both plasma glucose 

and NEFA concentrations did not vary between the two breeds. This is similar to 

findings of Ponnampalam et al. (2012) where NEFA concentrations did not differ 

between two sheep breeds, but plasma glucose concentrations were found to be higher 

in 2X lambs compared to Merino lambs.  

The response of plasma glucose and NEFA concentrations did not differ and thus there 

was no difference between the two breeds in the stress response to the epinephrine 

injection. Martin et al. (2011) observed metabolic differences between meat sheep and 

other sheep types when Merino and first cross (1X) sheep were selected for leanness, 

basal glucose and NEFA concentrations decreased, therefore the stress response in the 

leaner animals was lower.  

Traditionally, sheep breeds have been divided into two categories; wool and meat. Wool 

sheep tend to produce wool of fine, medium and coarse quality, while meat sheep tend 

to produce wool of lesser quality and quantity but have greater growth rates and have 

superior carcass characteristics compared to wool breeds (Blackburn et al. 2011). 

Difference in fat deposition has also been found between wool and sheep breeds. It has 

been suggested that fat-tailed sheep breeds, such as the Dorper, deposit more 

subcutaneous fat in the lumbar region than other breeds (Zygoyiannis et al. 1990; 

Sariudo et al. 1997). Wool breeds tend to deposit less fat cover and more internal fat 

than meat breeds but have an identical amount of intramuscular fat (Fahmy et al. 1992).  

Therefore, any metabolic differences between the Merino and the Dorper may be related 

to the fundamental differences in physiology that are associated with meat and wool 

breeds (Ponnampalam et al. 2012), and the difference in fatness/BCS between these two 

sheep breeds (McCann et al. 1986; 1987; McCann and Bergman 1988). 
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8.5 Conclusion 

In this study baseline glucose concentrations were higher in Dorper than Merino sheep, 

but the magnitude of the response to both the epinephrine and insulin challenges did not 

vary between the sheep breeds when fed a high quality diet, therefore the stress 

response was the same.  
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CHAPTER 9: GENERAL DISCUSSION  

Within Australia sheep breeds are traditionally divided into categories based on wool 

and meat producing characteristics. Wool breeds are typically bred for fine, medium and 

coarse wool, while meat breeds tend to produce lesser quality and quantity of wool, but 

have greater growth rates and carcass characteristics (Blackburn et al. 2011). Feed 

intake and feed efficiency have been found to be moderately heritable traits (Pitchford 

2004; Commack et al. 2005); therefore, meat sheep breeds such as the Dorper may have 

improved their partition of nutrients from food more towards meat production (Van 

Beem et al. 2008) whereas wool sheep may convert their nutrients more towards wool 

attributes. Wilkes et al. (2012) found that fat-tailed Damara (meat) sheep were able to 

employ different mechanisms to exploit low-quality and high-quality feeds, thereby 

maximising the energy available from digestion. On a low-quality diet the Damara 

consumed a similar amount of feed as Merino sheep, but obtained 10% more apparent 

digestible energy. On the high quality diet, the Damara had a similar digestibility as the 

Merino, but had a greater voluntary intake. Metabolic differences between meat and 

wool sheep have also been recorded. Hatfield et al. (1999) found that Suffolk ewes 

which had been selected for meat production had greater plasma glucose concentrations 

compared to Targhee ewes, which were selected for wool production.  

Production parameters have been found to differ between Merino and Dorper sheep, but 

this research is limited. In research conducted in Australia, Munn et al. (2016) found 

dry Dorper ewes had daily energy (food) and water needs that were identical to those of 

a standard Merino wether, indicating Dorpers may have an equivalent grazing pressure 

to Merinos. Research has shown that diet selection can differ between Merino and 

Dorper sheep.  du Toit et al. (1995) found Afrino and Merino sheep selected a diet 

containing around 50% Karoo bushes (low palatability) while the Dorper selected a diet 

containing over 70% Karoo bush. The Dorper thus selected a diet less palatable than 

that of the other breeds of sheep. In a follow-up study, du Toit (1998) found Merino and 

Dorper sheep selectively grazed different parts and proportions of the herbage on offer, 

with Merino selecting more grasses, while the Dorper selected Karoo bushes and plants 

with a greater woody component. Overall, there was around an 8% difference in diet 

selection, with the largest difference found during the plant reserve storage and dormant 

seasons. However, research conducted in South Africa by Engels et al. (1974), Botha et 

al. (1983) and du Toit and Blom (1995) indicated that diet selection does not differ 

between Dorper and Merino sheep and therefore production differences may be a 
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consequence of physiological (genetic) differences, and/or differences in feed intake, 

digestive efficiency and/or energy metabolism.  

The Dorper has been found to perform well under sub-optimal conditions, which 

enables them to adapt to drier regions. An increase in reproduction and carcass 

characteristics under less than ideal conditions and a difference in diet selection, 

compared to the Merino may allow the Dorper to be better suited to the more arid areas 

of Australia, such as the rangelands (Alemseged and Hacker 2014). This would have a 

major impact on the Australian sheep industry as this would influence the wool and 

meat markets and allow meat sheep production systems to be successfully used in semi-

arid areas.  

9.1 Live Weight and Body Condition Score 

Production differences between animals can be measured in different ways, but the most 

effective measurements are BCS and LW of the animal. Body condition score is an 

easy, cost effective method to measure body tissue reserves and is independent of frame 

size (Sakaguchi 2009) within and between breeds and pregnancy status (Kenyon et al. 

2014), while LW of the ewe is related to her production, her progeny and ultimately the 

profitability of the sheep enterprise (Ferguson et al. 2011; Oldham et al. 2011; Young et 

al. 2011).  

The main finding in the grazing studies was that animal performance in terms of change 

in LW and BCS in both the Merino and Dorper sheep differed for all the grazing 

experiments (wheaten stubble, winter wheat, lucerne/clover mix pasture and canola). 

When ewes grazed wheaten stubble or lucerne/clover mix pasture, change in LW was a 

more accurate measurement of production than when ewes were grazing winter wheat 

and canola, due to the LW being compromised by pregnancy status. For all of the 

grazing experiments BCS was a meaningful assessment of animal production as it was 

not compromised by pregnancy status of the animal (Kenyon et al. 2014).  

During both Experiment 1 (grazing winter wheat) and Experiment 3 (grazing winter 

wheat or canola), the Merino and Dorper ewes lost weight over the experimental 

periods. This was expected as ewes were lambing and the foetus and placenta can 

increase LW in the ewe up to 9 kg during late pregnancy (Fraser et al. 1939). However, 

when grazing winter wheat in Experiment 1, the BCS of both the Merino and Dorper 
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ewes did not decrease, therefore the true LW (corrected for conceptus weight) may not 

have decreased to the same extent over the grazing period.  

When ewes grazed canola or winter wheat (Experiment 3) the average BCS of the 

Dorper and Merino ewes differed at the start of the grazing period, but did not differ at 

the end of the grazing period. This change (in BCS) was reflected in the change of LW 

in the Dorper ewes (although it is acknowledged that LW was not the most accurate 

measurement due to pregnancy satus). The change in BCS in the Dorper ewes once 

lambing had ceased could indicate that it is more difficult to accurately determine the 

BCS of Dorper ewes during pregnancy than Merino ewes, or that Dorpers utilised their 

fat reserves more than the Merino ewes post lambing. Thus the nutritional needs of the 

Dorper was not met at lambing/lactating so the energy deficit is met by mobilisation of 

fat reserves, thus reducing BCS (Banchero et al. 2006).  

When ewes grazed lucerne/clover mix pasture the LW and BCS of both the Merino and 

Dorper ewes increased over the experimental period. This coincided with increased 

FOO, and thus likely increased DMI. When grazing wheat stubble Merino ewes lost 

weight while the Dorper ewes maintained weight and, based on faecal n-alkanes, this 

was potentially due to differences in intake and/or diet selection between the two 

breeds.  

From the production data presented in this thesis, Dorper ewes perform better than 

Merino ewes when grazing a low quality diet. This is similar to results found by Brand 

(2000) where once nutrients became limited Dorpers selected a diet of lower quality 

compared to Merinos. This means that under suboptimal grazing conditions Dorper 

sheep are better suited as they are less selective grazers and will consume a diet of a 

large range of different plant species. Thus, compared to Merinos, Dorpers may be 

better suited to the more arid areas of Australia, such as the rangelands (Alemseged and 

Hacker 2014). 

9.1.1 Limitations and future research  

There are three main limitations to this thesis in terms of LW and BCS. The first was 

that these measurements were not taken during the animal house studies (Chapters 5 and 

7), as they were designed as metabolism studies, not production studies. For research to 

be significant in measuring production they need to run for more than 6 weeks. 

Therefore, it would have been beneficial to conduct extended pen feeding trials to align 
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metabolism studies with production responses in the sheep. This would have allowed 

for more accurate information into production responses in the sheep on the different 

feed types. 

The second limitation was due to the pregnancy status of the ewes, in particular when 

grazing winter wheat and canola. Pregnancy status compromised LW due to the impact 

of foetus and placenta weights on ewe LW. Therefore, further studies are needed to 

investigate the true impact of diet type on production when fed either high or low 

quality pasture diets. For these studies inclusion of animals of different physiological 

states (pregnant, weaner lambs, wethers etc) would be beneficial, as it will allow a 

wider indication of how animals perform based on their differing nutritional needs 

throughout life. 

The third limitation was that nutrient partitioning was not measured, thus production 

cannot be truly compared when sheep of breed types are used (wool vs meat). Further 

research into nutrient partitioning in Merino and Dorper sheep would confirm if Merino 

sheep direct a greater proportion of nutrients towards wool production and if the Dorper 

sheep directs nutrients towards fat and meat production.  

9.2 Nutrient Digestibiltiy 

Nutrient digestibility is a function of the type of diet fed (Silanikove 2000) and the 

composition of the rumen microbial population (Hegarty 2004). Based on the results of 

pen-feeding trials, regardless of the type of diet fed, nutrient digestibility did not vary (p 

> 0.05) between the Merino and Dorper sheep breeds. This was consistent with the 

findings of Engels et al. (1974) and De Waal and Biel (1989) but in contrast with the 

findings of Schoeman (2000) and Mwenya (2003) who found that DMD was higher in 

Dorper sheep compared to a range of wool sheep breeds, including the Merino when fed 

low quality (native pasture or maize stover) diets. All of these studies were conducted in 

grazing environments where the animals were fed ad libitum and intake was measured 

using either faecal markers or by oesophageal fistulation.  

In the studies reported in this thesis nutrient digestibility was not measured under either 

ad libitum feeding or under grazing conditions. Dias et al. (2011) found that animals fed 

a restricted diet increase their chewing rate when eating and ruminating, which, along 

with a longer digesta retention time, contributed to enhanced nutrient digestibility. Thus 

this indicates that digestibility for both sheep breeds may be higher in the pen-feeding 
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trials compared to the results that would be achieved under grazing conditions or if the 

animals were fed ad libitum.  

Differences in feed intake and diet selection have been shown to effect nutrient 

digestibility (Poppi et al. 1981). Feed intake is a measure of how much feed is 

consumed by the animal and is generally correlated with the amount of nutrients that 

can be extracted from the feed, i.e. the digestibility (Illus and Gordon 1991). For the 

pen-feeding trials, the animals were fed a restricted amount of feed (which was 

generally fully consumed) and therefore neither feed intake nor diet selection would not 

have had any effect on nutrient digestibility when comparing the two sheep breeds. 

Providing feed ad libitum would have provided the opportunity for variation in feed 

intake between the two breeds and determination of what impact this may have on 

nutrient digestibility. When grazing lucerne/clover mix pasture BCS and LW increased 

in both the Merino and the Dorper sheep. This may have been due to either an increase 

in feed intake, and/or differences in diet selection and/or differences in nutrient 

digestibility. Under grazing conditions with ad libitum feed intake, de Waal et al. 

(1981) found feed intake (W0.75 kg) was higher in Merino compared to Dorper sheep.  

Diet selection is influenced not only by forage availability (Shipley 1999) but also the 

botanical composition of the pasture, the season (Ouédraogo-Kóne et al. 2006; 

Mphinyane et al. 2015) and differences in the nutritive value and intake of selected 

diets. For example, when animals select a diet of higher quality (such as increased CP) 

it is expected that DMD will also be higher (Poppi et al. 1981; Dias et al. 2011). Based 

on measurement of faecal n-alkanes, when grazing on a monoculture, such as winter 

wheat (Chapter 6) there appeared to be no potential differences in diet selection between 

breeds, but when grazing mixed pastures such as lucerne and clovers (Chapter 6) or 

when the animals grazed low quality feed such as cereal stubble (Chapter 4), diet 

selection appeared to differ between the two sheep breeds.  

At times, the changes in faecal n-alkane profiles corresponded to differences in LW 

changes between the Dorper and Merino sheep. For example, when grazing the 

lucerne/clover mix pasture, the decrease in LW of Merino ewes was greatest during 

Weeks 4 and 6 of grazing, which corresponded to a change in several faecal n-alkanes 

over the same period, potentially due to differences in intake and/or diet selection.  

Differences in diet selection on the lucerne/clover diet and cereal stubble may be due to 

the selection of different plant species or parts of the plants, which in turn could impact 

http://www.sciencedirect.com/science/article/pii/S0921448899001583#BIB11
http://www.sciencedirect.com/science/article/pii/S0921448899001583#BIB11
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not only on feed intake but also on nutrient digestibility. For example, the proportion of 

lucerne increased as the experimental period progressed (46.3% to 67.2%) while the 

proportion of clover species decreased (53.7% to 32.8%). The increase in the proportion 

of lucerne relative to clovers could indicate that lucerne was more actively growing 

compared to the clovers. Lucerne and (subterranean) clover have different growth 

cycles; lucerne is a perennial species while subterranean clover is a self-seeding annual 

species. During the experimental period, the differences in production of these two 

species (and the other clover species) could have been due to the differences in the stage 

of their growth cycles. The change in proportion of the species could also indicate that 

one or both of the sheep breeds were actively seeking and eating the clovers, thus 

reducing its proportion in the available feed compared to the lucerne. The change in 

dietary proportions also coincided with a decrease in estimated DMD (from 79.9% to 

74.3%) and CP (from 31.2% to 24.6%) of the diet on offer. This decrease in the 

estimated DMD and CP of the lucerne/clover mix pasture on offer could explain the 

temporal changes of faecal n-alkanes for both sheep breeds over the experimental 

period, with the Merino and Dorper ewes potentially selecting a diet higher in clovers 

compared to lucerne.  

Du Toit (1998) found that Merino and Dorper sheep selectively grazed different parts 

and proportions of the herbage on offer. Merino sheep selected more grasses (higher 

DMD), while the Dorper selected Karoo bushes and plants with a greater woody 

component, which would have a decreased DMD because of the greater lignin 

component in the woody material. Overall, there was around an 8% difference in diet 

selection, with the largest difference found during the plant reserve storage and dormant 

seasons. The faecal n-alkanes assessment supports that there were dietary differences 

between the Merino and Dorper sheep when grazing either cereal stubble or and 

lucerne/clover mix pasture. However, without dosing the Merino and Dorper with n-

alkanes and matching the alkane pattern of the plant species on offer, with that found in 

the faeces of the grazing animal, an accurate measurement of voluntary feed intake and 

diet composition cannot be established.  

9.2.1 Limitations and future research  

The main limitation for the research into nutrient digestibility was that neither feed 

intake, specific diet nor nutrient digestibility were measured under ad libitum feeding. 

Utilising n-alkane dosing of animals would provide the opportunity to determine feed 
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intake and diet selection (Dove and Mayes 1991; Dove and Mayes 1996; Kelman et al. 

2003; Dove and Mayes 2005) but would not provide information on the digestibility of 

the selected diet. However, it may assist in understanding and accounting for the 

temporal changes in ruminal NH3-N concentrations and VFA concentrations and molar 

proportions, including differences between sheep genotypes, as reported in this thesis.  

9.3 Ruminal Parameters  

9.3.11 Rumen pH 

Rumen pH can vary from 5.5 to 7.5 in sheep and this variation is influenced by the type 

of diet, and the rate and the frequency of feeding (Franzolin and Dehority 1996b). 

Rumen pH is not only affected by the fibre content of the diet, but also by the balance 

between fermentation acids and the secretion of buffers (Allen 1997). The digestibility 

of DM affects rumen pH, with DMD declining with decreasing pH in the rumen 

(Duffield et al. 2004). Rumen pH is also affected by ruminal NH3-N and VFA 

concentrations. When ruminal NH3-N concentrations decrease and VFA concentrations 

increase, rumen pH decreases (Reid et al. 1957). When animals are given 

predominantly roughage diets, the endproducts of rumen fermentation are more 

consistent in terms of VFA and energy yield. This is due to the relatively slow process 

of the breakdown of cellulose from these roughage diets, which gives the microbial 

system time to process and absorb endproducts of fermentation (Eadie and Mann 1969). 

During this time there is also more production of saliva that has a buffering effect on the 

rumen, thus pH increases and the rumen becomes more alkaline (Reid et al. 1957). 

However, when concentrate diets are fed, and the diet contains higher soluble 

carbohydrates or starch, fermentation can increase, which increases VFA 

concentrations, decreases pH and decreases rumen NH3-N concentrations (Lana et al. 

1998). 

Across the experimental chapters in this thesis, there were no differences in rumen pH 

between the Merino and Dorper sheep. This was expected given there were no 

differences in ruminal NH3-N or VFA concentrations between the two sheep breeds.  

9.3.2 Ruminal ammonia concentrations 

Ammonia is the primary N source for rumen bacterial growth (Nolan and Leng 1972) 

with some 82% of bacteria isolated from the rumen using NH3-N as their principal 
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source of N (Bryant 1973). Ruminal NH3-N concentrations are influenced by a number 

of factors including nature of the diet (including the proportions of rumen degradable 

and bypass protein), ruminal fluid outflow rates, composition of the microbial 

population, ruminal pH (Nolan and Leng 1983; Orpin and Letcher 1984) and recycling 

of N via saliva.   

As was expected, ruminal NH3-N concentrations were significantly higher (p < 0.05) in 

sheep fed lucerne chaff compared to those fed wheaten chaff (Chapter 5). However, the 

average ruminal NH3-N concentration (55.8 mg NH3-N/L ruminal fluid) for the wheat 

stubble (Chapter 4) was higher than when sheep were fed wheaten chaff (29.8 mg NH3-

N/L ruminal fluid). This was not expected as dietary CP contents typically have a 

positive correlation with ruminal NH3-N concentrations (Satter and Slyter 1974) and the 

CP content of the wheat stubble (2.4% CP) was lower than that of the wheaten chaff 

(6.1% CP). An explanation for the disconnect between the low dietary CP and ruminal 

NH3-N concentrations could be due to the use of ‘pluck’ samples to estimate the 

nutritive value of the diet consumed by the animals. This method may not have given an 

accurate representation of the diet being consumed by the ewes; for example, larger 

amounts of grain and green feed may have been selected by the animal. 

When consuming diets of higher quality such as lucerne chaff (Chapter 5), concentrate 

pellets (Chapter 7) and grazing pastures such as winter wheat, lucerne/clover mix or 

canola there were no differences (p > 0.05) in average ruminal NH3-N concentrations 

between the Merino and Dorper sheep. As ruminal NH3-N concentrations did not differ 

between the two sheep breeds, it is expected that there would also be no difference in 

microbial protein synthesis. However, differences in microbial protein synthesis may 

differ between the diets fed. For example when fed wheaten chaff (Chapter 4), ruminal 

NH3-N concentrations were well below the optimum for the growth of rumen bacteria 

(Satter and Slyter, 1974). This low ruminal NH3-N concentration would have 

contributed to the lower nutrient digestibility of the wheaten chaff diet compared to that 

of lucerne chaff. An unexpected result was that despite the very low ruminal NH3-N 

concentrations, the sheep were still in a positive N balance when fed wheaten chaff. 

When grazing winter wheat (Chapter 6; Experiment 1), average ruminal NH3-N 

concentration was less than the optimal rumen NH3-N concentrations, potentially 

limiting microbial protein synthesis. However, net protein supply to the animals may 

not have been compromised if the winter wheat had significant rumen undegradable 
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protein content. The fact that the BCS of the sheep was either maintained (Dorper) or 

increased (Merino) over the period of grazing on winter wheat indicated that protein 

supply was not limited. 

When grazing lucerne/clover mix pasture (Chapter 6; Experiment 2), winter wheat or 

canola (Chapter 6; Experiment 3), ruminal NH3-N concentrations exceeded optimal 

concentrations for microbial growth and protein synthesis. Ruminal NH3-N 

concentrations did not differ (p > 0.05) between the Dorper and Merino sheep when fed 

low protein diets (Chapter 4). In contrast.Hunter and Siebert (1985) found that ruminal 

NH3-N concentrations were higher in B. indicus cattle when fed a diet that was deficient 

in N. The differences observed on the low N diet were attributed to differences in N 

recycling between the two species. Such differences do not appear to exist between 

Merino and Dorper sheep.  

There were temporal changes in ruminal NH3-N concentrations over the experimental 

periods for the grazing trials. When grazing the winter wheat these temporal changes 

were likely due to changes in the nutritive value (increased CP content) of the feed over 

the grazing period rather than differences in diet selection (as the animals were grazing 

a monoculture). Higher (rumen degradable) CP levels have a positive correlation with 

ruminal NH3-N concentrations. When grazing the lucerne clover mix pasture, the 

temporal changes may reflect not only differences in the nutritive value of the 

individual plant species but also the species composition of the diet selected by the 

sheep.  

Although these temporal differences existed in ruminal NH3-N concentrations in the 

grazing trials this data may not be reflective of the average ruminal NH3-N 

concentrations. Time after feeding has a major impact on ruminal NH3-N 

concentrations, and in grazing situations, time after feeding is hard to determine and 

animals are also fed on an ad libitum basis. When feed intake was restricted and time 

after feeding was measured (Chapter 7) differences did not exist between the two sheep 

breeds in terms of average ruminal NH3-N concentrations; however, breed differences 

were found to exist relative to time after feeding. When fed Production 1 pellets at 3 h 

post feeding ruminal NH3-N concentrations were higher in the Merino than the Dorper 

and similarly, when fed Production 2 pellets at 6 h post feeding, rumen NH3-N 

concentrations were higher in the Dorper than the Merino. Therefore, time of sampling 

may have a major impact on ruminal NH3-N concentrations. 
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9.3.3 Volatile fatty acids 

The concentration and molar proportions of VFA are relative to the nature of the feed 

(Bergman 1990) and reflect the balance between the rate of production and the rate of 

loss. Total VFA concentration can vary between 30 – 200 mM, but is normally around 

70 to 130 mM (France and Dijkstra 2005). The concentrations of the individual acids is 

a reliable index of the relative production rates of the acids when forage diets are fed, 

but is less reliable when animals are fed concentrate diet (Hegarty and Gerdes 1999; 

Knapp et al. 2014; Zhou et al. 2015). The major factors that affect VFA concentrations 

are VFA production, VFA absorption and the interconversions among VFA and rumen 

pH (Van Soest 1987; Schulze et al. 2016).  

Although both VFA concentrations and proportions are a reflection of the end-product 

of microbial fermentation; however, in this thesis the main focus was on VFA 

proportions as most of the studies were conducted in animals either grazing pastures 

(Chapters 4 and 6) or in an animal house (Chapter 5) with sheep that did not have 

ruminal fistulas, therefore ruminal fluid samples were collected via a stomach tube. 

Individual VFA concentrations were not reported in these studies due to the potential 

effects of saliva contamination, which occurs when ruminal fluid samples are collected 

using a stomch tube.. Proportions of individual VFA are less affected by this collection 

method, thus making VFA proportions a more accurate reflection of ruminal 

fermentation (Terré et al. 2013).  

Forage diets usually give rise to a high production of acetic acid, relative to propionic 

acid. Acetic acid is the major- energy yielding substrate under these conditions, thus the 

higher the proportion of acetic acid produced in the rumen, the greater overall efficiency 

of the animal on this type of diet (Cronje et al. 1991). When the Merino and Dorper 

sheep were fed a low quality roughage diet, such as wheaten chaff (Chapter 5) or cereal 

stubble (Chapter 4) total molar VFA concentrations did not vary (p > 0.05) between the 

two sheep breeds. However, when fed the cereal stubble diet the molar proportions of 

acetic and valeric acids were significantly higher (p < 0.05) in the Merino compared to 

Dorper ewes, although the molar proportions of propionic acid did not vary (p > 0.05) 

between the breeds. As reviewed by Orskov et al. (1979), several studies have shown 

that acetic, propionic and butyric acids are utilised with an equal efficiency for 

maintenance. However, for growth and fattening acetic acid is used with an efficiency 

considerably less than that of propionic and butyric acids. On this basis, given the 
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higher proportion of butyric acid, the mature Merino ewes should theoretically have 

increased in LW when fed the cereal stubble diet due to fattening (higher production 

potential) than the Dorper ewes, while in reality they lost weight.   

This is in contrast to the results reported in Chapter 5, where the molar proportions of 

propionic acid were significantly higher (p < 0.05) in Dorper compared to Merino sheep 

when fed a diet of wheaten chaff. The reason(s) for this difference, given that both diets 

were roughage, is unclear but may be related to differences in diet selection between the 

two breeds (when grazing the cereal stubble) and this may have resulted in differences 

in not only VFA proportions but also feed intake and/or nutrient digestibility. 

When the Merino and Dorper sheep were fed wheaten chaff feed intake (offered at the 

rate of 2% BW) and nutrient digestibility did not differ (p > 0.05). While nutrient 

digestibility and feed intake were not measured on the cereal stubble diet (Chapter 4), 

differences in faecal n-alkanes were found between the two sheep breeds indicating 

differences in either feed intake and/or diet selection. The composition of the diet 

selected may be influenced not only by (sheep) breed but also the quality (nutritive 

value) of the available feed. The difference in diet selection when grazing the cereal 

stubble may have contributed to the differences in LW status of the two breeds over the 

grazing period.  If the diet selected by the Dorper ewes was of higher quality than that 

selected by the Merinos this may account for the maintenance of LWin the Dorpers and 

the LW loss in the Merino ewes in this study. For example, if the diet selected by the 

Dorper sheep was higher in protein than that selected by the Merino, this would affect 

the DMD of the diet. This increase of protein and DMD would have a positive impact 

on feed intake, as the higher the DMD of the diet, the more feed intake increases 

(EverGraze 2016). The Dorper thus may have selected a diet of higher nutritive value 

and had a higher relative level of feed intake than the Merino.  

Because both Dorper and Merino ewes grazed the same plots it was not possible to 

determine if there were differences in feed intake. Under grazing conditions with ad 

libitum feed intake, de Waal et al. (1981) found feed intake (W0.75 kg) was higher in 

Merino compared to Dorper sheep. This was unlikely to have been the case in this study 

as a higher relative feed intake by the Merino would have been reflected in a positive 

difference in LW gain, which was not the case.  

Differences in VFA proportions when the sheep were fed either wheaten chaff or cereal 

stubble could have also been due to differences in the composition of microbial 

http://www.sciencedirect.com/science/article/pii/S0921448899001583#BIB11
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populations in the rumen. Differences in ruminal flora and fauna exist between different 

species and breeds as well as between individual animals. These differences are likely to 

reflect differences in diet selection, the rate at which it is ingested and rumen kinetics 

(Hegarty 2004).  The composition of the rumen microflora is known to be responsive to 

changes in diet, age and the health of the host animal and varies according to 

geographical location, season and feeding regimen (Kocherginskaya et al. 2001; Li et 

al. 2009).  

Lu et al. (2005) found that a high fibre diet favoured the growth of cellulolytic microbes 

as a result of increased substrate supply and an increase in salivation. This subsequently 

resulted in increased production of acetic and butyric acid. Tajima et al. (2001) found 

that when a hay diet was fed, numbers of fibrolytic bacteria were very high, but when 

the diet was changed to become high in grain, the number of fibrolytic bacteria dropped 

dramatically (10 to 20 fold). Because VFA are the major end-products of bacterial 

fermentation in the rumen, differences in VFA concentrations and proportions will be a 

result of differences in the bacterial population, which will be a reflection of differences 

in diet (substrate supply) and/or between species. Therefore, the differences in VFA 

proportions between the wheaten chaff diet and the cereal stubble diet could be due to 

the presence of grain in the diet and thus differences in numbers and species of 

cellulolytic microbes in the rumen. The increase in the proportion of propionic acid 

while on the wheaten chaff diet could also be due to a smaller population of protozoa in 

the rumen. The size of the protozoal population (or lack thereof) has a number of 

effects; the concentration of propionic acid in the ruminal fluid increases, NH3-N 

decreases, methanogenesis is reduced, and the numbers of bacteria and fungi numbers 

increase (Kamra 2005). The increase in the proportion of propionic acid and the 

decrease in rumen NH3-N concentrations with the feeding of the wheat chaff diet could 

thus be due to a decrease in the size of the protozoal population (compared to the cereal 

stubble diet).  

When fed concentrate-based, production pellets (Chapter 7) the concentrations and 

proportions of both acetic and butyric acids were higher (p < 0.05) in Dorper sheep 

while propionic acid proportions were higher (p < 0.05) in the Merino. The proportion 

of propionic acid is typically higher on concentrate diets compared to roughage based 

diets (Leng and Brett 1966; Judson et al. 1967). An explanation for the higher acetic 

and butyric acid concentrations and proportions in the Dorper compared to the Merino 
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sheep could be due to differences in methanogens within the rumen. Molar proportions 

of VFA influence the production of CH4 in the rumen. Acetic and butyric acids promote 

CH4 production, while propionic acid is a competitor for H use in the rumen and thus 

diets which favour propionic acid production such as starch/grained based diets 

decrease CH4 production (Moss et al. 2000). Van Nevel and Demeyer (1977) found that 

when CH4 production decreased, propionic acid concentrations also decreased, due to 

inhibition of methanogens. This suggests methanogens may differ between the two 

sheep breeds when fed the same diets. 

Differences in ruminal fluid outflow rates can be a reflection of differences in nutrient 

digestibility and feed intake, either between animals or between diets (Bartocci et al. 

1997). When fed Production 2 pellets, ruminal fluid outflow rates were higher (p < 

0.05) in the Dorper (4.22 L/d) than the Merino (2.42 L/d) sheep; however, there were no 

differences when the sheep were fed Production 1 pellets. The increase could potentially 

be due to a decrease in DM and CP degradation in the rumen with an increase in 

available protein in the large intestine (Tamminga 1979; Evans 1981; Ørskov 1992); 

however, this was not the case, therefore differences in the composition of the microbial 

population is the more logical explanation for differences in VFA proportions between 

the two sheep breeds.   

When grazing either winter wheat or canola (Chapter 6, Experiment 3), average total 

VFA concentration did not differ (p > 0.05) between the Merino and Dorper sheep. This 

was likely a reflection of the two breeds selecting similar diets, which would be 

expected when grazing a monoculture. This is supported by the lack of difference in the 

average concentrations of the various faecal n-alkanes (C22 - C35) did not vary (p > 

0.05) between the two breeds. Temporal changes in total VFA concentrations and 

proportions were recorded, which is likely a reflection of changes in the nutritive value 

of the diets as DMD decreased for both the winter wheat and canola over the grazing 

period.  

When grazing lucerne/clover mix pasture total average VFA concentration was 

significantly higher (p < 0.05) in the Dorper compared to the Merino sheep. This 

suggests that there were differences in diet selection as was reflected by differences in 

faecal n-alkanes, with C27 being significantly higher (p < 0.05) in the Dorper sheep 

compared to the Merino sheep. The molar proportions of valeric acid were also 

significantly higher (p < 0.05) in the Dorpercompared to the Merino; again likely due to 



181 

differences in diet selection and/or differences in the composition of the rumen 

microbial population, which could ultimately impact on nutrient supply and microbial 

efficiency in the animal.  

Because VFA are the major end-products of bacterial fermentation in the rumen, 

differences in VFA proportions will be a result of differences in the bacterial 

population, which will be a reflection of differences in diet (substrate supply) and/or 

feed intake between species.  

9.3.4 Limitations and future research 

There are two major limitations in the studies of ruminal parameters. The first is that it 

would have been beneficial to conduct extended pen feeding trials to align metabolism 

studies with production responses in the sheep. This would have allowed explanation of 

production responses in the sheep on the different feed types. Also it would have been 

beneficial to not just restrict feed these animals, but also have ad libitum feeding. This 

would have allowed a comparison of the breeds on low quality and high quality diets to 

see if feed intake influences not just production differences between the two sheep 

breeds on both low and high quality diets, but also see if feed intake has an effect on 

VFA proportions between the two sheep breeds.  

The other major limitation was not having knowledge of the composition of the rumen 

microbial population. The digestion of feed and the subsequent conversion for energy 

requirements to the host animal are performed by a complex symbiotic relationship of 

microbes within the rumen (Denman and McSweeney 2006). Not all of the microbes in 

the rumen have not been isolated and characterisedwhich limits the understanding of the 

microbial ecology and the microbial-microbial and host-microbial interactions in the 

rumen (Li et al. 2009). Future research should involve the use of real-time PCR, which 

allows for rapid quantification of a target DNA sequence (Freeman et al. 1999), which 

has been used in monitoring microbial populations in the rumen (Klieve et al. 2003).   

9.4 Energy Metabolism 

Energy balance is dependent on the ME of the feed offered, heat production due to 

metabolic processes and the energy retained within an animal due to the actual 

deposition of fat and protein tissue mass. There are a number of factors that influence 

the utilisation of energy in the ruminant including differences in nutrient digestibility, 
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differences in microbial substrate supply, differences in the supply of glucose 

precursors and differences in the stress response of animals. The results reported in 

Chapters 8 indicate that there were no differences between the Merino and Dorper sheep 

in response to insulin and epinephrine challenges indicating there was no difference in 

the stress response between the two breeds. However, the baseline values for both 

challenges indicated that Dorper sheep had higher baseline glucose concentrations than 

the Merino sheep when fed a higher quality diet.  

In research investigating insulin and glucose concentrations in Suffolk (McCann and 

Bergman 1988) and Dorset (McCann et al. 1987) sheep it was found obese animals had 

greater basal blood insulin and glucose concentrations compared to lean animals. The 

higher basal glucose concentrations in the Dorper sheep could be a reflection of them 

having higher BCS compared to the Merino sheep. Although BCS was not measured 

during the hormone/metabolite trial, in the grazing trials (Chapters 4 and 6) the Dorper 

sheep had significantly higher (p < 0.05) BCS compared to the Merino sheep. This 

difference in basal glucose concentrations and higher BCS could be an indication that 

this breed is less sensitive to insulin, which potentially makes these animals insulin 

resistant. Ponnampalam et al. (2012) found insulin resistance was associated with 

fatness. However, research conducted by Hatfield et al. (1999) found that Suffolk ewes 

which had been selected for meat production had greater plasma glucose concentrations 

compared to Targhee ewes (selected for wool production) which is in agreement with 

the results for the Dorper and Merino sheep used in this research. Thus is it likely that it 

is not just fatness of the animal which influences blood glucose concentrations but also 

insulin resistance and/or physiological differences between meat and wool sheep breeds.  

9.4.1 Limitations and future research 

The major limitation of the metabolic/hormone challenge study was that the 

metabolic/hormone challenges were not conducted on diets of low nutrient digestibility. 

The results in Chapters 4, 6 and 8 indicate there were no differences in nutrient 

digestibility between Dorper and Merino sheep, suggesting that production differences 

between these two breeds exhibited when grazing low quality diets were thus the result 

of either differences in diet selection or differences in energy metabolism as a 

consequence of differences in the end-products of rumen fermentation, in particular 

increased proportions of propionate. Ponnampalam et al. (2012) found that when the 

nutritive value of feed is limited glucose and insulin concentrations increase in the 
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animal, indicating energy is being mobilised in response to β-adrenergic stimulation, 

which is likely an adaptation of undernutrition. Further research is warranted to 

understand if a similar response is found when Merino and Dorper sheep graze on a low 

quality diet.  

9.4 Conclusion 

Animal house and grazing studies were undertaken to investigate potential differences 

in animal production nutrient digestibility, ruminal parameters and energy metabolism 

in Merino and Dorper sheep fed diets of varying quality.  

Throughout the grazing trials production differed between the Merino and Dorper 

sheep. When grazing a low quality diet (Chapter 4), after an initial decline in condition, 

Dorper sheep maintained BCS and LW over the experimental period, while Merino 

ewes declined in BCS and LW. This indicates that the Dorper ewes were better suited to 

the low quality diet than the Merinos. However, when ewes grazed high quality diets 

(Chapter 6), BCS and LW differed depending on the pasture base. On a mixed cultivar 

(Experiment 2: lucerne/clover mix) both Merino and Dorper ewes increased in BCS and 

LW over the experimental periods. In contrast, when grazing winter wheat 

(Experiments 1 and 3) or canola (Experiment 3), the Merino and Dorper ewes lost 

weight over the experimental periods. However, this was expected as ewes were 

lambing during the experimental periods. When the ewes grazed winter wheat 

(Experiment 1), the BCS of both the Merino and Dorper ewes did not decrease, 

therefore the true LW (corrected for conceptus weight) may not have decreased to the 

same extent as the data suggests. When ewes grazed either canola and winter wheat in 

Experiment 3, the average BCS of the Dorper and Merino ewes differed at the start of 

the grazing period (being higher in the Dorper) but not at the end of the grazing period. 

This change (in BCS) was reflected in the change of LW in the Dorper ewes and could 

have been due to the mobilisation of fat to meet the nutritional needs of lambing and 

lactating.  

Nutrient digestibility did not differ between the two sheep breeds. Due to the types of 

diets fed or and grazed by the sheep in the experiment reported this thesis, it cannot be 

determined if Dorper sheep are intermediate feeders as is suggested in the literature 

review. The results; however, indicate that that there were differences in diet selection 

and/or feed intake between the two sheep breeds when fed certain diets, for example 
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lucerne/clover mix pasture or cereal stubble, as reflected by differences in faecal n-

alkane profiles. 

There were no major differences in ruminal pH, NH3-N and total VFA concentrations 

between the two sheep breeds. However, major differences were found in VFA 

proportions between the two breeds, especially when fed on low quality diets such as 

wheaten chaff and wheat stubble. Because VFA are the major end-products of bacterial 

fermentation in the rumen, differences in VFA proportions were a result of differences 

in the bacterial population, which will be a reflection of differences in diet (substrate 

supply) and/or feed intake between species.  

There were no differences between the Merino and Dorper sheep in response to insulin 

and epinephrine challenges indicating there was no difference in the stress response 

between the two breeds.  

Future research needs to be conducted into establishing if diet selection does differ in 

the Dorper and if this sheep breed is more of an intermediate feeder in Australia, 

compared to Merino sheep which appear to be grazers. This research should include 

more complex grazing systems, such as the rangelands, especially given to the increase 

of popularity of this breed in these areas of Australia.  
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APPENDICES 

Appendix 1: Body Condition Scoring 

 

Figure A1.1 Description of how to body condition score sheep. Source: Lifetime Wool (2005). 
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Appendix 2: Chromatograms of Volatile Fatty Acids 

An example of chromatograms showing the separation of acetic, propionic, iso-butyric, 

butyric, iso-valeric, valeric, hexanoic and heptanic acids in ruminal fluid. 

 

Figure A2.1 Chromatogram comparing the difference between volatile fatty acid (VFA) 

standard 2 and VFA sample 1 analysed on 21/01/2015.  

 

 

 

 Figure A2.2 Chromatogram of the volatile fatty acids in sample 6 analysed on 21/01/2015.   
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Appendix 3: Rumen Cannulation Methodology 

Significant daily variations occur in rumen parameters including pH, VFA 

concentrations and proportions and ammonia concentrations and thus taking a single 

ruminal fluid sample is unlikely to reflect even the daily average of these parameters.  

Sheep fitted with rumen cannula are commonly used in nutrition studies that involve 

investigation of these rumen parameters as it allows collection of multiple ruminal fluid 

samples. Furthermore, it avoids contamination of ruminal fluid samples with saliva (as 

occurs when ruminal fluid samples are collected with a stomach tube); saliva 

contamination affects VFA concentrations and ammonia concentrations.  

Animals: Merino (6) and Dorper (6) wethers 

Anaesthesia and monitoring protocol 

The sheep will be fasted for 24 h prior to being anaesthetised. The sheep will be 

premedicated with Buprenorphine (0.01 mg/kg IV using a 22 g needle and syringe) 

prior to induction of anaesthesia with Propofol (4 mg/kg IV using a 20 g needle and 

syringe). Anaesthesia will be maintained by the placement of an endotracheal tube with 

the cuff inflated, and by the provision of isoflurane (1.5-2%) and oxygen via an 

anaesthetic machine. A wide bore stomach tube will be placed orally to evacuate the 

rumen of ingesta and fluid during the procedure to prevent aspiration of ruminal 

contents.  

The external jugular vein will be cannulated with an over-the-wire catheter placed by a 

cut down technique for monitoring of central venous pressure and facilitating fluid 

management (colloid or crystalloid therapy). 

An intravenous infusion of physiological saline will be given via the central line at 

surgical maintenance rates (10 mL/kg/h) for the duration of the procedure. 

During the surgical procedures on the sheep their heart rate, respiratory rate, blood 

oxygen (spO2) and carbon dioxide (ETCO2) concentrations, blood gases, arterial blood 

pressure, central venous pressure and ECG will be continually monitored and recorded 

regularly (every 5 min at least) on the anaesthetic monitoring chart, together with the 

drugs administered during the procedure. 
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Cannulas 

The cannula to be used is constructed from stiff rubber and contains a wide flange at 

one end of the tube, and a number of rings along the body of the tube to assist in 

maintaining the cannula within the ruminal and body walls. 

The internal diameter of the cannula to be used is 31 mm with an insertion length of 62 

cm. 

 

 

Figure A3.1: Sheep cannula. 

Surgical technique 

The sheep will be placed in left lateral recumbency, with the head and chest slightly 

elevated to alleviate pressure from the abdominal contents on the diaphragm. The left 

paracostal area will be clipped from the 10th rib to the cranial aspect of the left ilial wing 

of the pelvis, and the skin prepared with serial applications of an antiseptic and 

detergent solution (Savlon – Chlorhexidine and Cetrimide), 70% alcohol and finally the 

antiseptic Chlorhexidine. The prepped area will then be isolated with sterile drapes prior 

to the start of the surgical procedure. All instruments and equipment used will be sterile 

and the surgical team will be prepared properly for aseptic surgery. 

A 6-8 cm paracostal laparotomy will then be performed using standard aseptic 

techniques, and the adjacent ruminal wall located. The ruminal wall will be sutured to 

the body wall around the laparotomy incision to prevent spillage of rumen contents into 

the peritoneal cavity with 2/0 monofilamant absorbable sutures. A purse-string suture 

will then be placed into the rumen wall immediately internal to the body wall sutures 

using 2/0 monofilamant permanent suture material (polypropylene). 
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Figure A3.2: Position of left paracostal incision. 

A 4 cm rumenotomy incision will be made to allow insertion of the cannula into the 
ruminal lumen and the purse-string suture pulled tight to stabilize the cannula to the 
rumen and body wall. Additional 2/0 monofilament absorbable sutures will be used to 
further stabilise the cannula flange to the body wall. 

Intra-operatively the sheep will also receive an intravenous injection of the antibiotic 
Cefamezin (22 mg/kg), which will be repeated for every 2 h of surgical time (unlikely to 
be required as surgery should be completed within 1 h), and the analgesic Carprofen (4 
mg/kg). 

The sheep will then be recovered in sternal recumbency, and observed continuously 
until standing. 

Post-operative Care Plan 

For the first 7 d post-surgery clinical observations will be performed three times daily. 

All observations and interventions will be recorded on the post-op monitoring chart (see 

attached). In particular, animal behaviour will be monitored for signs of pain/distress 

including infection around the surgical site, teeth grinding, foot stomping, lip curling, 

vocalisation, restlessness, depression, and lack of appetite. Heart and respiratory rates, 

body temperature, appetite, rumination, degree of lameness and activity will be 

recorded.  

Analgesia will be maintained throughout this period by the subcutaneous administration 

of Buprenorphine (0.01 mg/kg) three times daily, together with Carprohen (4 mg/kg) 

daily. 

After the first week the animals will be monitored daily, paying particular attention to 

demeanour, appetite and any signs of lameness and discomfort. The cannula and 
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adjacent tissues will be inspected daily and any discharge cleaned away with an 

antiseptic solution and an antiseptic wound ointment (Betadine) applied to the wound 

under the cannula flange. This will be recorded on the daily monitoring chart. Analgesia 

will be provided as required under the direction of the surgeon. 
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Appendix 4: SAS syntax for data analysis 

An example of a typical model statement for analysis of repeated measures data using 

SAS (SAS Institute Inc., 1997) is as follows (model statement taken from analysis of 

glucose concentrations from baseline when animals were injected with insulin, reported 

in Chapter 6).  

libname Metab "E:\"; 

data Insulin; 

infile "E:\2014 Animal house\Paper work\Stats\Change in baseline 
Insulin.csv" dlm=',' firstobs=2 missover; 

input Pen Breed$ Diet$ Weight FeedIntake Time Glucose DiffGlu NEFA 
DiffNEFA; 

run; 

 

proc mixed method=reml covtest; 

 class Pen Breed Time; 

 model DiffGlu = Breed Time Breed*Time; 

 repeated Time / subject=Pen(Breed) type=cs r rcorr; 

lsmeans Breed Time Breed*Time / pdiff; 

lsmeans Breed*Time/slice=Time; 

run; 
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