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Feedlot performance of Dorper lambs on Opuntia-based diets with different nitrogen 

sources 

 

by 
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University of the Free State, Bloemfontein, South Africa 

Co-supervisor: Mr. J. Els 
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Degree: Magister Scientiae Agriculturae 

 

Three feedlot diets were evaluated with Dorper wether lambs at Bergvlug Experimental 

Farm, Khomas Region, Namibia. Bergvlug is located about 35 km east of Windhoek. The 

three treatment diets consisted of a conventional feedlot diet (treatment diet T0) and two 

Opuntia-based treatment diets (T1 and T2) containing different additional nitrogen sources, 

namely a non-protein nitrogen (NPN; feed grade urea) or natural protein (sunflower oilcake 

meal). Treatment diet T0 was based on coarsely ground lucerne hay, yellow maize meal, feed 

grade urea and molasses meal. The Opuntia-based treatment diets (T1 and T2) were 

reformulated and part of the lucerne was replaced by sun-dried and coarsely ground Opuntia 

cladodes at levels of 330 or 300 g/kg. In treatment diet T1 additional nitrogen was included 

as feed grade urea (non-protein nitrogen; NPN) and for treatment diet T2 the additional 

nitrogen was included as sunflower oilcake meal (a natural protein). 

 

The feed intake and water intake, the growth performance and carcass characteristics of the 

Dorper wether lambs were evaluated in the feedlot. Forty-five newly weaned Dorper wether 
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lambs, weighing on average about 22 kg, were randomly allocated to the three treatment 

diets. The 15 Dorper wether lambs per treatment diet were further subdivided into three 

subgroups or replicates of five lambs each. For the duration of the trial the lambs were kept in 

small pens in a shaded area (open-sided roofed shed). The Dorper wether lambs were fed the 

treatment diets until a target average slaughter weight of 35 kg per treatment diet was 

reached. 

 

During the feeding period in the feedlot, one replicate of five Dorper wether lambs per 

treatment diet was moved from the feedlot pens to metabolism cages for a week every third 

week to determine their individual daily feed and water intake and apparent digestibility of 

the three treatment diets. The daily urine and faecal excretions were also monitored. 

 

Chemical analysis of the three treatment diets used in this study showed that acid-detergent 

fibre (ADF), neutral-detergent fibre (NDF), organic matter (OM) and gross energy (GE) have 

decreased with inclusion of sun-dried and coarsely ground Opuntia cladodes, which is 

ascribed to the lower ADF, NDF, OM and GE content of the Opuntia cladodes. On the other 

hand, the ash and lipids increased with inclusion of sun-dried and coarsely ground Opuntia 

cladodes in the treatment diets. 

 

The inclusion of sun-dried and coarsely ground Opuntia cladodes at 330 or 300 g/kg in the 

treatment diets in general had little or no effect on the feed intake and digestibility of the 

treatment diets by Dorper wether lambs. Exceptions were observed for the intake and 

apparent digestibility of ADF and NDF as a result of the difference in fibre content of the 

treatment diets. Similar water intake and urine excretion were observed for Dorper wether 

lambs fed any one of the treatment diets during the three cage feeding periods. 

 

The results of the study confirmed that the feed intake and apparent digestibility of the 

treatment diets for Dorper wether lambs were not affected by: (1) the inclusion of sun-dried 

and coarsely ground Opuntia cladodes at 330 and 300 g/kg; or (2) two nitrogen sources used 

(NPN or natural protein) in the Opuntia-based diets. 

 

Considering the results of the Cage Periods 1 to 3, it can be summarised that the daily intake 

and apparent digestibility of DM and other chemical constituents of the Dorper wether lambs 

increased as the trial progressed, regardless of the treatment diets. It suggests that the 
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reticulo-rumen of Dorper wether lambs were getting better adapted over time to the diets and 

consequently digestibility improved. 

 

The average daily gain and feed conversion efficiency of Dorper wether lambs fed the 

Opuntia-based diet supplemented with natural protein were comparable to those fed the 

conventional feedlot diet. The Dorper wether lambs fed the Opuntia-based diet supplemented 

with NPN had a lower growth rate than those fed the conventional feedlot diet and the 

Opuntia-based diet supplemented with natural protein. Thus, although feed conversion 

efficiency was not significantly (P>0.05) different among treatment diets, Dorper wether 

lambs fed the conventional diet and the Opuntia-based diet supplemented with natural protein 

required less feed to gain weight than those fed the Opuntia-based diet supplemented with 

NPN. This suggests that supplementing an Opuntia-based feedlot diet with a natural protein 

source will markedly improve feed efficiency and average daily gain of lambs. This may 

reduce the feeding period required to reach the target slaughter weight and increase the 

economic benefit associated with the use of sun-dried and coarsely ground Opuntia cladodes 

in feedlot diets. 

 

Most of the carcass characteristics considered were not significantly different (P>0.05) 

among treatments. It suggests that carcass quality or grading is not markedly affected by 

inclusion of sun-dried and coarsely ground Opuntia cladodes in feedlot diets (up to 330 or 

300 g/kg) for Dorper wether lambs or by the nitrogen source used to balance the diets. The 

carcasses of the Dorper wether lambs fed the three different treatment diets fetched very 

similar prices per kg. However, the Dorper wether lambs fed treatment diet T1, the Opuntia-

based diet with the inclusion of feed grade urea (an NPN source), did not reach the average 

target slaughter weight of 35 kg, even after 91 days in the feedlot. Therefore, their lighter 

carcasses and poorer carcass grading at slaughter fetched a lower total price per carcass. 

 

The results of this study, the fourth study under the auspices of the UFS, opened the prospect 

of formulating affordable Opuntia-based diets for specific application to ruminant species of 

different ages and production classes. However, more research is needed to evaluate the 

growth performance, carcass characteristics and profitability of other small stock breeds and 

ruminant species fed sun-dried and coarsely ground Opuntia cladodes in feedlot diets, 

balanced with different nitrogen sources. 
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In most tropical livestock production systems, sheep are raised under range conditions, 

predominantly without any feed supplement. During the dry season, grazing material 

becomes scarce and pastures are deficient in protein and minerals. In addition, the 

natural rangeland or veld, which is the basic diet for sheep, is often overgrazed. 

According to Ben Salem et al. (2002), rapid increases in flock size associated with a lack 

of an appropriate management strategy (stocking rate, grazing period and duration, 

rangeland management), are the major causes of continuous degradation of rangelands. 

Under such unfavourable conditions, animals have low productivity due to low feed 

availability and quality. Coupled to that, it takes longer for animals to reach slaughter 

weight and often produce carcasses of a lower quality. 

 

Mutton and lamb producers especially in Namibia and South Africa use diets mostly 

containing lucerne and maize to fatten animals in feedlots. However, high prices of lucerne 

available on the market often limit its use as good quality roughage in feedlot diets. Most 

importantly, the aim of feedlot enterprises should be to produce animals of a particular 

weight and carcass quality or grade over a relatively short period. 

 

There is a need to investigate alternative feed sources for livestock to augment limited or 

scarce feed sources, thus enabling livestock to survive critical periods of feed shortages and 

still be able to produce good quality meat. These alternative feeds must be affordable but they 

must also be adapted to drought and harsh conditions in the tropical and subtropical areas 

(Nefzaoui & Ben Salem, 2001). 

 

In recent years, there has been an increasing interest in cactus pear (Opuntia) as an alternative 

feed for livestock in the tropical and subtropical regions of the world.  According to Santos et 

al. (2003) and Khalafalla et al. (2007), the increased importance of cactus pear in these 

regions is mainly due to their drought resistance, high biomass yield, palatability, salinity 

tolerance and soil adaptability. These factors make Opuntia species an important feed source 

for livestock, particularly during periods of drought and seasons of low feed availability. 

Furthermore, Opuntia converts water to dry matter or digestible energy far more efficiently 

than grasses and legumes (De Kock, 1980; 2001; Azocar, 2001) and can be fed to livestock as 
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fresh forage or stored as silage. These good characteristics of Opuntia species are of 

particular interest to animal scientists and livestock producers amidst the climatic changes 

predicted for coming decades. 

 

Opuntia cladodes are now widely used as animal feed (fodder and forage) in Mexico (Russel 

& Felker, 1987; Misra et al., 2006), Ethiopia (Tegegne, 2001; 2002) and South Africa 

(Zeeman, 2005; Einkamerer, 2008; Menezes, 2008). 

 

Opuntia cladodes are highly digestible by sheep (Felker, 1995; Nefzaoui & Ben Salem, 1996; 

2001; De Waal et al., 2006; Zeeman, 2005; Einkamerer, 2008; Menezes, 2008) and can be 

used as part of a complete diet (Firew, 2001; De Waal et al., 2006) or as a supplement to 

improve the feeding value of low quality roughage, such as cereal straw (Ben Salem et al., 

1996; 2004; Tegegne et al., 2005). However, digestibility depends on the age of the cladodes 

and decreases in older plant material (Nefzaoui, 1995). 

 

The nutritional value of Opuntia as livestock feed has been examined by several workers (De 

Kock, 1980; Retamal et al., 1987; Sirohi et al., 1997; Fuentes-Rodriguez, 1997; Tegegne, 

2001; Tegegne et al., 2002; 2005; Gebremariam et al., 2006; Misra et al., 2006; Vieira et al., 

2007; Felker et al., 2006; De Waal et al., 2006; Tien & Beynen, 2005; Zeeman, 2005; 

Tegegne et al., 2007; Einkamerer, 2008; Menezes, 2008). Moreover, the nutritive quality of 

Opuntia is highly variable depending on plant type (species and variety), cladode age, 

sampling season, part of the plant and agronomic conditions (soil type, climate, growing 

conditions) (Sirohi et al., 1997; Misra et al., 2006).  In addition, the nutritive value of a feed 

also depends on its chemical composition, the intake by animals and its digestibility (De 

Waal et al., 2006). 

 

Generally, Opuntia has a high moisture content of 70-93% (Lopez-Garcia et al., 2001; 

Tegegne, 2001) and apparent digestibility of about 75% (Einkamerer, 2008).  In addition, 

analysis of chemical composition shows that Opuntia cladodes (on dry matter basis) are rich 

in vitamin A, ash, calcium (Ca) (Tegegne et al., 2002), and readily available carbohydrates 

and it may serve as a good source of fermentable metabolizable energy (ME) (Tegegne et al., 

2005). 
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Several workers (De Kock, 1980; Tegegne et al., 2002; Ben Salem et al., 2002) have 

concluded that Opuntia cladodes are low in crude protein (CP), fibre, sodium (Na), and 

phosphorus (P). Therefore, in order to meet both maintenance and production requirements of 

animals, it is recommended that the diet is balanced with supplementary protein, e.g. oilseed 

cakes or non-protein nitrogen (NPN) such as urea (Nefzaoui & Ben Salem, 1996; Nefzaoui et 

al., 1995; Ben Salem et al., 2002; Misra et al., 2006), and fibre (straws or hay) (Nefzaoui et 

al., 1993). Failure to use a nitrogen supplement in Opuntia-based diets consumed by 

ruminants, may limit the ingestion of a diet and its efficient utilization, resulting in a low 

intake of energy (Steenkamp & Hayward, 1981). Ben Salem et al. (2002) concluded that 

protein supply improved the nutritive value of Opuntia-based diets fed to lambs and 

increased daily body weight gain. There was a further improvement when the level of bypass 

protein in the diet was increased. 

 

Opuntia has recently been receiving attention from scientists and growers alike in South 

Africa (Brutsch & Zimmerman, 1993; 1995). Studies in a research programme based at the 

University of the Free State, (Zeeman, 2005; De Waal et al., 2006; Einkamerer, 2008; 

Menezes, 2008) have extensively investigated increased inclusion levels of sun-dried and 

coarsely ground Opuntia cladodes up to 360 g/kg in diets for Dorper wether lambs on feed 

and water intake, apparent digestibility, and growth performance. These studies showed that 

sun-dried and coarsely ground Opuntia cladodes have a great potential as animal feed with no 

apparent detrimental effects on Dorper wether lambs. 

 

The performance and carcass characteristics of Dorpers and that of their crosses have been 

studied and reported by a number of authors (Milne, 2000; Cloete et al., 2000; Staab et al.,�

1999; Notter et al., 2004; Snowder & Duckett, 2003; Daniel & Held, 2005) under feedlot 

conditions. However, none of these studies have used Opuntia-based diets. 

�

The method and system of carcass grading practiced in different countries varies 

depending on the objectives of the system and on the degree of uniformity that exists 

among types and species of animals (Jeremiah, 1998). For example, in South Africa and 

Namibia, the grading system is based on external fat covering and age of the animal 

(South African meat classification system for beef, lamb, mutton and goat meat; 

Government notice no. R.863, 1 September 2006). Countries have established the system 

that best allows consistency of product for their consumers. Based upon the findings 
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obtained by Jeremiah (1998) on development of a quality classification system for lamb 

carcasses, only carcasses from lambs weighing 32 kg live or more and with no more than 

two permanent incisors can be classified as lambs. 

 

As mentioned previously, there is a need to help lamb producers to provide optimum 

nutrition for marketable animals to improve live weight and carcass grade at slaughter and 

thus the total edible meat produced. The production of quality lean meat involves many 

aspects of animal production especially nutrition (Sebsibe, 2009). The effect of nutrition on 

carcass composition is complicated as it involves the interactions between level of intake, the 

composition of the feed, and nutrient requirements of the animal (Momani Shaker et al., 

2003). 

 

Changing market demands for leaner meat is an increasing challenge because consumers 

regard fat as unhealthy and associate it with high cholesterol levels and a higher risk for heart 

disease. The ideal carcass can be described as one that has a minimum amount of bone, a 

maximum amount of muscle and an optimum amount of fat (Schilling, 2005). A certain 

proportion of fat is desirable to reduce drying out of the carcass (Sebsibe, 2009). On the other 

hand, too much fat is undesirable. 

 

Carcasses of animals are classified after slaughter for a number of characteristics. Carcass 

evaluation should be able to provide as much information as possible about the quality of the 

carcass as well as to identify characteristics that assist in placing monetary value on a carcass. 

Important factors or measurements used singly or in combination to assess the carcass value 

are: carcass weight, musculus longissimus dorsi area and fat thickness (Einkamerer, 2008). 

 

General information on the effect of nutritional level on fattening performance and carcass 

quality of lambs has been published and confirmed by several authors (Schoeman, 2000; 

Momani Shaker et al., 2003; Gruber et al., 2007; Snowder & Duckett, 2003). It was stated by 

Mareko et al. (2006) that the nature, yield and composition of a carcass at slaughter are 

affected by the production system under which the animal was reared. These authors 

described the intensive feeding system (fattening) with an ad lib. regime as the best method 

for lambs, specifically for meat production (Momani Shaker et al., 2003; Gokdal et al., 2004; 

Mareko et al., 2006; Daskiran et al., 2006; Louvandini et al., 2006). In his study Horak 
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(1999, cited by Momani Shaker et al., 2003) concluded that the high growth potential of 

lambs could not be achieved without concentrate feeds in the diet. 

 

In South Africa, increasing numbers of lambs and sheep are being finished off in feedlots 

(Van der Westhuizen et al., 2009). The question is then posed how these composite 

formulated diets change the proportion of the main body tissues? 

 

Although the studies mentioned previously (Zeeman, 2005; Einkamerer, 2008; Menezes, 

2008) have shown the high potential for the utilization of sun-dried and coarsely ground 

Opuntia cladodes as feed source, the performance of sheep on Opuntia-based diets under 

intensive feeding (feedlot) in terms of growth and carcass quality or grading need to be 

evaluated. 

 

Generally, it can be concluded that Opuntia is a good, affordable feed source which may 

reduce the use of expensive feeds and therefore reduce the feeding costs and raise the level of 

sheep production in the arid and semi-arid zones. Such Opuntia-based diets requires a low 

input of cereal grains and forage crops and can thus be recommended to use during the feed 

shortages prevailing in the arid and semi-arid areas of Southern Africa (Nefzaoui & Ben 

Salem, 1996; Nefzaoui & Ben Salem, 1996; Ben Salem et al., 2002; Misra et al., 2006; De 

Waal et al., 2006). 

 

However, for the Opuntia-based diets to become a viable alternative feed source for the 

mutton and lamb production industry, it must be able to maintain the carcass value or quality. 

 

This study is a therefore a follow up of other studies by Zeeman (2005), Einkamerer (2008) 

and Menezes (2008) which used different inclusion levels of sun-dried and coarsely ground 

Opuntia cladodes substituting lucerne hay, but with the same nitrogen source (urea). Zeeman 

(2005) tested four different inclusion levels namely 0, 120, 240 and 360 g/kg of sun-dried and 

coarsely ground Opuntia cladodes. However, in the studies by Einkamerer (2008) and 

Menezes (2008), the treatment diet containing 120 g/kg Opuntia cladodes was omitted since 

the result of the preceding study by Zeeman (2005) showed that this diet, in comparison with 

zero Opuntia was too low an inclusion level. Moreover, this diet did not have a significant 

effect on feed and water intake, apparent digestibility and the live body weight of the Dorper 

wether lambs. 
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The inclusion levels of 300 to 330 g/kg Opuntia in this study was therefore based on the fact 

that previous studies have investigated the effect of incremental levels of sun-dried and 

coarsely ground Opuntia cladodes up to 360 g/kg in diets on intake, digestibility, and growth 

without causing any negative effect on the performance of Dorper wether lambs. 

 

As mentioned previously, all three above mentioned studies (Zeeman, 2005; Einkamerer, 

2008; Menezes, 2008) used the same nitrogen source, namely the NPN source feed grade 

urea. Therefore, in addition to the inclusion of sun-dried and coarsely ground Opuntia 

cladodes in feedlot diets, this study aimed also to look at the effect of different nitrogen 

sources in Opuntia-based diets on lambs. This information is important because no research 

has been carried out using Opuntia-based diets in high production systems for Dorper lambs. 

Furthermore, the Dorper wether lambs used in the present study were also younger and 

weighed less (±22 kg) than in previous studies. This body weight of about 22 kg is usually 

recommended as an appropriate weaning entry weight for lambs in the feedlot. 

 

This study was conducted with Dorper wether lambs of about 22 kg to evaluate: 

• two Opuntia-based production diets containing levels of 300 to 330 g/kg compared to a 

conventional feedlot diet. 

• the effects of a non-protein nitrogen (NPN) source (feed grade urea) compared to a 

natural protein source (sunflower oilcake meal) in the two Opuntia-based diets. 
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2. Materials and Methods 
 

2.1 Study area 

The study was conducted at Bergvlug Experimental Farm, Ministry of Agriculture, Water and 

Forestry, Directorate of Veterinary Services, Khomas Region, Namibia. Bergvlug is located 

about 35 km east of Windhoek. The field work lasted from February to June 2009 with the 

approval of the Interfaculty Animal Ethics Committee of the UFS (Animal experiment 

nr. 02/09; dated 27 May 2009). 

 

2.2 Experimental feeds 

The Opuntia ficus-indica var. Algerian cladodes used in this study were collected from a fruit 

producing Opuntia orchard, on the farm Graceland near Okahandja in the Otjozondjupa 

region of Namibia. Graceland is about 70 km north of Windhoek and about 100 km from 

Bergvlug. Based on the assumption that 300 to 330 g/kg of sun-dried and coarsely ground 

Opuntia cladodes would be incorporated in the two treatment diets, it was estimated that 

about 1 063 kg of sun-dried Opuntia cladodes would be required for a trial period of about 70 

days. Therefore, about 11 000 kg fresh Opuntia cladodes were harvested, considering that the 

dry matter (DM) content is about 100 to 150 g/kg. 

 

The fresh Opuntia cladodes were harvested from February to May 2009. About 1 000 kg 

fresh cladodes were transported every week. The harvesting period was extended because of 

the rainy season which prevailed especially during February and March. Longer periods 

(about 14 to 18 days) were thus needed to dry the cladodes because of more cloudy days and 

less sunshine. In accordance with the procedures described by Zeeman (2005), Einkamerer 

(2008) and Menezes (2008), fresh Opuntia cladodes were harvested, cut into strips of about 

15 to 20 mm and dried in the sun. Cutting of fresh cladodes into strips was done on the farm 

Graceland using an electric cutter and packed in containers before being transported to 

Bergvlug to be dried in the sun. 

 

Corrugated zinc iron sheets were laid flat on the ground to dry the cladode strips in the sun. 

This procedure instead of drying the cladode strips on a roof top enabled the speedy removal 

of the cladode strips when it started raining and returning them outdoors after the rain has 
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stopped. The cladode strips were spread by placing them in a single layer to allow space 

between strips and enhance air movement around them for faster drying (Figure 2.1). 

 

 
Figure 2.1 Opuntia cladode strips drying in the sun on corrugated zinc iron sheets. 

 

The sun-dried cladode strips were then ground in a hammer mill to pass through a 20 mm 

sieve. In agreement with Zeeman (2005), Einkamerer (2008) and Menezes (2008), experience 

showed that sun-dried Opuntia cladodes still tended to clog up the hammer mill during the 

grinding process and thus required the hammer mill to be opened and cleaned regularly. 

 

Apart from the sun-dried Opuntia cladodes, lucerne hay was also ground in a hammer mill to 

pass through a 20 mm sieve in order to have homogeneous mixed diets. Other feed 

ingredients used in the diets were yellow maize meal, sunflower oilcake meal, molasses meal 

(Enermol), feed grade urea and feed lime. These feeds were included in the physical form as 

purchased. 

 

2.3 Experimental animals 

The Dorper wether lambs used in this study were the property of the Ministry of Agriculture, 

Water and Forestry, Directorate of Agricultural Research and Training, Namibia. Forty five 

(45) newly weaned Dorper wether lambs with an average live weight of 22 kg were 

transferred from the Hardap Research Station, near Mariental, to Bergvlug Experimental 

Farm where the trials were conducted. Upon arrival at Bergvlug, the Dorper wether lambs 
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were kept on the veld for one week before the commencement of the trial. This allowed them 

to acclimatise to the new environment and to recover from any weaning shock, because they 

were just weaned from their mothers on the day they were transferred to Bergvlug. 

 

The Dorper wether lambs were vaccinated with Multivax P at the beginning of the trials to 

protect them against botulism, black quarter, pulpy kidney and clostridium. They were also 

treated against internal parasites. 

 

The 45 Dorper wether lambs were stratified according to live weight into nine (9) groups of 

five (5) lambs, thus ensuring comparable mean initial weights for groups. Three (3) replicates 

or subgroups of five lambs were then randomly allocated to each of the three treatment diets. 

For the duration of the trial the Dorper wether lambs were kept in a shaded area (open-sided 

roofed shed) and received the different treatment diets. 

 

2.4 Experimental design and treatment diets 

The experiment lasted for 90 days and was conducted using a complete randomized design 

with fifteen (15) Dorper wether lambs per treatment, divided into three (3) replicates or 

subgroups with five lambs each. This provided the minimum, but yet sufficient, number of 

animals for an accurate analysis of data. 

 

A conventional feedlot diet was used as the control diet (T0), consisting of coarsely ground 

lucerne hay, yellow maize meal, feed grade urea and molasses meal (Enermol). In the other 

two treatment diets (T1 and T2), the lucerne was replaced partly by sun-dried and coarsely 

ground Opuntia cladodes at levels of 300 to 330 g/kg (Table 2.1). Additional nitrogen was 

supplied in both treatment diets T0 and T1 in the form of non-protein nitrogen (NPN; feed 

grade urea) and in treatment diet T2 as a natural protein source (sunflower oilcake meal). 

 

The composition of the three treatment diets is presented in Table 2.1. 
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Table 2.1 Composition of the three treatment diets (T0, T1 and T2) fed to Dorper wether 

lambs 

 

  Treatment diets* 

Feed ingredient (kg air dry) T0 TI T2 

Sun-dried and coarsely ground Opuntia cladodes - 330 300 

Coarsely ground lucerne hay 577 255 190 

Yellow maize meal 358 340 275 

Feed grade urea 10 20 - 

Sunflower oilcake meal - - 180 

Molasses meal (Enermol) 40 40 40 

Feed lime  15 15 15 

* T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely 

ground Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 

 

The treatment diets used in this study were mixed at the project site. The diets were mixed in 

batches every week, following the sun-drying and processing of Opuntia cladode strips. 

Mixing of diets was done on a plastic sheet using spades (Figure 2.2). 

 

 
Figure 2.2 Mixing of treatment diets using spades. 

 

This study is a follow up of previous studies by Zeeman (2005), Einkamerer (2008) and 

Menezes (2008) which used different inclusion levels of sun-dried and coarsely ground 
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Opuntia cladodes. Zeeman (2005) used four different inclusion levels namely 0, 120, 240 and 

360 g/kg sun-dried and coarsely ground Opuntia cladodes. However, in studies by 

Einkamerer (2008) and Menezes (2008), the treatment diet T12 (containing 120 g/kg) was 

omitted because the result of the preceding study showed that this treatment diet did not 

result in any significant differences in terms of feed and water intake, and the apparent 

digestibility or live weight of the Dorper wether lambs when compared to control diets 

without Opuntia. The decision of a 300 to 330 g/kg inclusion level in the treatment diets of 

this study was, therefore, based on previous studies that have investigated the effect of 

incremental sun-dried and coarsely ground Opuntia cladodes in diets for Dorper wether 

lambs on intake, digestibility, and growth without finding any negative effect on their 

performance. 

 

2.5 Trials 

The study consisted of two facets, namely a growth trial in a feedlot and three digestibility 

trials of one week each in metabolism cages. 

 

2.5.1 Adaptation period 

The Dorper wether lambs were adapted separately in the three groups of 15 animals each in 

large open kraals to their respective treatment diets for two weeks. The regime for provision 

of water and feed for the remainder of the trial, as described in section 2.5.2.2 and 2.5.2.3, 

was implemented. 

 

2.5.2 Growth trials 

 

2.5.2.1 Trial period 

All 45 Dorper wether lambs were used in the growth trial to evaluate their growth 

performance and the feed and water intake on the three treatment diets. After the adaptation 

period of fourteen (14) days (see 2.5.1), each of the nine subgroups (three replicates per 

treatment) were randomly allocated and confined to smaller pens (4 m x 3 m) with concrete 

floors in an open-sided roofed shed where they received water on an ad libitum basis and the 

treatment diets. 

 

Initial body weight was obtained by weighing the Dorper wether lambs at the start of the 

adaptation period of the trial. Thereafter, the lambs were weighed every week on 
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Wednesdays at 10h00 during the trial until they reached an average target weight for 

slaughtering of 35 kg live body weight. All weighing was done without the lambs being 

withheld from feed and water. 

 

2.5.2.2 Feed intake 

The daily food was offered in three portions, namely at 08h30, 14h00 and 16h30. The feed 

offered and feed refused at two-day intervals for the nine subgroups were recorded to 

determine the average daily feed intake. Feed spilled on the floor by lambs in each pen when 

eating were picked up during the next hour after feeding and collected in plastic bags as part 

of feed refused. The lambs were fed at a 15% refusal level as calculated with a 3-days 

moving average (Einkamerer, 2008). 

 

2.5.2.3 Water intake 

Water was provided in each pen in a plastic trough with a capacity of about 16 litres. The 

water troughs were refilled with a known quantity of water when its content dropped to half 

or less. The refilled quantity of water was added to the volume of water provided earlier to 

calculate the total quantity of water provided for that particular day. The volume of water 

remaining the next morning was poured out and measured and the trough was refilled with 

clean water. The daily water intake was recorded as the difference between water provided 

the previous day and water remaining the next morning when the troughs were cleaned. 

 

2.5.3 Digestibility trials 

 

2.5.3.1 Trial period 

Digestibility trials were conducted at set intervals during the growth trials. The same replicate 

of five (5) Dorper wether lambs per treatment diet (randomly selected) was moved from the 

pens to metabolism cages for a week, every third week, namely during weeks 1, 5 and 8 (as 

determined from being fed in the small subgroups of five lambs). The metabolism cages were 

also housed in the open-sided shed (Figure 2.3). 
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Figure 2.3 Some of the Dorper wether lambs housed individually in metabolism cages. 

 

Initially the growth trial period was planned to run for 70 days. Based on the information 

collected in the feedlot, the projected growth rates of some treatment groups, especially 

treatment diet T2, indicated that they would reach the target average slaughter weight of 35 

kg before the planned time. Therefore, the third digestibility trial was rescheduled a week 

earlier in order for the data of Cage Period 3 to be collected before the Dorper wether lambs 

had to be slaughtered at an average of about 35 kg live weight. 

 

2.5.3.2 Feed intake 

The daily feed was offered to each Dorper wether lamb in three portions in the metabolism 

cages, namely at 08h30, 14h00 and 16h30. On day one, the lambs were offered 1 500 g feed. 

On the second and third day the amount of feed offered to lambs was calculated at a 15% 

refusal level, namely 15% more feed than ingested the previous day or days. From the fourth 

day and the days after, the feed for a 24-hour period was offered at a 15% refusal level of 

intake, calculated on a daily basis by using a 3-day moving average of the feed intake of each 

lamb during the preceding three days. 

 

2.5.3.3 Water intake 

Water was provided to each Dorper wether lamb in plastic buckets of about 5 litres. The 

water buckets were refilled with a known quantity of water when its content dropped to half 

or less. The refilled quantity of water was added to the volume of water provided earlier to 

get the total quantity of water provided for that particular day. The volume of water 

remaining in the bucket the next morning was poured out, measured and the bucket was 

refilled with clean water. The daily water intake was recorded as the difference between 
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water provided the previous day and water remaining the next morning when the buckets 

were cleaned. 

 

2.5.3.4 Feeds and refusals 

Daily feed refusals were removed and weighed before the morning feeding, then dried in a 

force draught oven at 100°C. At the end of the collection period, the feed refusals for each 

Dorper wether lamb were mixed and pooled. Representative samples were taken, ground to 

pass a 1 mm sieve and stored in plastic bottles for chemical analysis. 

 

During the first period in the metabolism cages, data were collected only for six (6) days (not 

seven) because the Dorper wether lambs were adapted to the new housing conditions in the 

metabolism cages for one day before the collection period started. 

 

During the trial periods, random samples of each treatment diet (T0, T1 and T2) were taken 

every day and pooled separately in marked paper bags. At the end of the trial period, all 

treatment diet samples were dried in a force draught oven at 100°C, ground to pass a 1 mm 

sieve and stored in plastic bottles for chemical analysis. 

 

2.5.3.5 Faeces 

Faeces from individual Dorper wether lambs were collected separately on a daily basis, 

pooled in marked paper bags and dried in a force draught oven at 100°C. At the end of the 

trial period of seven (7) days the total dry matter (DM) of faeces was weighed and recorded 

per lamb. The oven dried faeces for each lamb were mixed and pooled. Representative 

samples were taken by means of the quartering technique (H.O. de Waal, 2009; personal 

communication), ground to pass a 1 mm sieve, and stored in plastic bottles for chemical 

analysis. 

 

2.5.3.6 Urine collection 

Individual total daily urine excretion for each Dorper wether lamb was collected in glass 

bottles and the volumes recorded. The urine was collected on a sheet metal chute from the 

base of the metabolism cages and directed via urine collection plates into the bottles. Every 

morning before feeding, the urine for each lamb was collected into a plastic measuring 

cylinder, the total urine volume recorded and the urine flushed away. The empty bottles were 

then properly placed back under the urine collection plates of the metabolism cages. 
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2.6 Chemical analysis of feeds, refusals and faeces 

 

2.6.1 Sample preparations 

All composite samples (faeces, feeds and refusal) were prepared for analysis by grinding it in 

a hammer mill to pass through a 1 mm sieve. Some particles did not readily pass through the 

sieve. These particles were collected and mixed thoroughly with the rest of the milled 

samples as homogenous as possible before being stored in plastic bottles. The prepared 

samples were stored in clean and clearly labeled plastic bottles pending analysis. 

 

2.6.2 Dry matter (DM) 

The dry matter (DM) content of the treatment diets, individual feed refusals and faeces 

collected during the digestibility trials were determined by weighing about 2 g of samples 

ground to pass a 1 mm sieve into previously weighed crucibles and dried overnight in a force 

draught oven at 100ºC (AOAC, 2000). The dried samples were removed from the oven and 

cooled to room temperature in desiccators before being weighed again. 

 

The DM of samples was calculated as follows: 

 
Weight of sample (g) after drying 

DM (g/kg) = —————————————–—— x 1000 
Weight of sample (g) before drying 

 

2.6.3 Ash or inorganic matter 

The samples used to determine DM were also used to determine the ash or inorganic matter 

content of each sample. After weighing the dried samples, the crucibles plus dry samples 

were placed in a muffle furnace and incinerated overnight at 550°C (AOAC, 2000). Finally, 

crucibles plus ash were cooled to room temperature in desiccators and weighed again. 

 

The ash content of each sample was determined as follows: 

 

Weight of sample after incineration (g) 
Ash (g/kg DM) = ——————————————–––————— x 1000 

Weight of dried sample before incineration (g DM) 
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2.6.4 Organic matter (OM) 

Organic matter was calculated by subtracting the ash content from 1 000 or using the 

following formula: 

 

Weight of sample (g) – weight of ash (g) 
OM (g/kg DM) = ——————————––––———––– x 1000 

Weight of sample (g DM) 

 

2.6.5 Crude protein (CP) 

Crude protein was determined by the Kjeldahl method as described by AOAC (2000) and 

according to the standardized analytical procedures of the Agri Laboratory Association of 

Southern Africa (AgriLASA, 2007). Approximately 0.2 g DM of each sample was weighed 

on a filter paper and introduced into a digestion tube. Two Kjeldahl selenium catalyst tablets 

and 20 ml concentrated sulphuric acid were added to each digestion tube. The set-up 

digestion tubes, manifold and exhaust tubes connected to the scrubber were then introduced 

into the digestion block and the samples were digested at maximum heat for 1 hour. The 

samples were then digested with sulphuric acid (H2SO4) in the presence of the catalyst that 

increased the boiling point of sulphuric acid. After the digestion process, the samples are 

allowed to cool for 15 to 20 minutes before distillation. 

 

The digestion tubes with samples were then introduced to the preheated Distillation unit of a 

BUchi 339. Steam was introduced into the sample tube to facilitate the transfer of nitrogen to 

the receiving flask. During the distillation, ammonia that was formed during the digestion 

process was liberated by adding sodium hydroxide (NaOH) to the digested materials, distilled 

off and collected in boric acid (H3BO4). The quantity of nitrogen collected was then 

determined by titration of the borate formed with 0.1 N hydrochloric acid (HCl). 

 

After titration was completed, the results were automatically calculated and printed out by the 

machine. The percentage protein of the diets, refusals and faeces was calculated by 

multiplying the nitrogen value with a factor of 6.25. 

 

2.6.6 Lipids (Ether extract, EE) 

Ether extract (EE) was determined according to the standardized analytical procedures of the 

Agri Laboratory Association of Southern Africa (AgriLASA, 2007). The ether extract (EE) 
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content of each sample was determined by weighing about 2 g of samples ground to pass a 1 

mm sieve into clean dried extraction thimbles. Glass cotton wool was inserted in a thimble to 

keep the sample in place during extraction and then place the extraction thimbles containing 

the samples in the extractor. A clean and dried Soxhlet flask was weighed and connected to 

the extraction apparatus after being filled to about 2/3 of its capacity with petroleum ether. 

The cooling water supply and heating mantle were turned on and the temperature was 

adjusted to achieve a condensation rate of ether at 5-6 drops per hours for at least 4 hours. As 

the cool water condensed the ether vapours, it dropped onto the sample placed into the 

extraction thimble and the fat extracted by the ether dropped back into the flask.  

 

After the extraction period, the remaining ether was evaporated and the flasks were placed in 

a drying oven at 100°C to dry overnight. The flasks were then cooled in desiccators and 

weighed again to determine the extracted residues. 

 

The EE fraction of samples was determined as follows: 

 

[Flask (g) + Ether extract] – Flask (g) 

EE (g/kg DM) = ——————————————––– x 1000 
Sample (g DM) 

 

2.6.7 Neutral-detergent fibre (NDF) 

Neutral-detergent fibre (NDF) of feed, refusals and faeces were determined according to 

procedures described by Goering and Van Soest (1970) and Robertson and Van Soest (1981). 

This procedure was used to determine the insoluble portion of the analysed samples (feeds 

and faeces), consisting of hemicellulose, cellulose, lignin, cutin and silica (cell wall fraction). 

Respective samples of about 1 g were weighed into sintered glass crucibles and placed in the 

extraction unit. The machine and cooling system were turned on and 100 ml cold neutral 

detergent solution (NDS) was added to each crucible, and boiled for 1 hour. The NDS was 

drained out by suction and the samples were washed with hot water and then rinsed with 

acetone. 

 

After completing the drying process with vacuum extraction, samples were placed in a drying 

oven to dry overnight at 100°C. Dry samples were removed from the oven and placed in 

desiccators to cool and weighed again before being placed in a muffle furnace and incinerated 
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overnight at 550°C. The incinerated samples were taken from the furnace, cooled in a 

desiccator, and weighed again. 

 

The NDF content was calculated as follows: 

 

[Sample (g DM) – Sample after boiling & drying (g)] – Ash (g) 
NDF (g/kg DM) = ––––––——————————————————————— x 1000 

Sample (g DM) 

 

2.6.8 Acid-detergent fibre (ADF) 

Acid-detergent fibre (ADF) was determined according to procedures described by Goering 

and Van Soest (1970) and Robertson and Van Soest (1981). This procedure was used to 

determine lignocelluloses and silica of the analysed samples (feeds and faeces). Respective 

samples of about 1 g were weighed into sintered glass crucibles and placed in the extraction 

unit. The machine and cooling system were turned on and 100 ml cold acid detergent solution 

(ADS) was added to each crucible with the sample residue and then boiled for an hour. 

 

The solution was drained out by suction and the samples were washed three times with 

boiling water and then rinsed twice with acetone. The remaining residues were dried 

overnight in a drying oven at 100°C. Dried samples were taken from the oven and transferred 

in a desiccator to cool before being weighed. The samples were incinerated overnight at 

550°C in a muffle furnace. The ash samples were removed from the furnace, allowed to cool 

in desiccators, and weighed. 

 

The ADF content of samples was calculated as follows: 

 

[Sample (g DM) – Sample after boiling (g)] – Ash (g) 
ADF (g/kg DM) = –––——————————————————–––– x 1000 

Sample (g DM) 

 

2.6.9 Gross energy (GE) 

The gross energy (GE) content of the respective sampled material was determined on a DM 

basis using an adiabatic bomb calorimeter (AOAC, 2000). Gross energy (GE) was measured 

in joule (J). 
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The procedure described by Menezes (2008) was used to determine GE. About 0.2 g samples 

were used for faeces and for other materials a sample of about 0.4 g was used. All samples 

were weighed accurately before being analysed. 

 

2.6.10 Apparent digestibility coefficients 

The apparent digestibility coefficient of a feed or nutrient is calculated by the following 

formula (McDonald et al., 2002): 

 

   Feed or nutrient intake (g DM) - feed or nutrient excreted in faeces (g DM) 
Apparent digestibility =  

Feed or nutrient intake (g DM) 

 

Where intake (kg) = kg feed or nutrient presented - kg feed or nutrient refused. 

 

Note that in this study the apparent digestibility was presented as a coefficient. 

 

2.7 Carcass evaluation 

The Dorper wether lambs were fed three treatment diets until a target average live weight of 

35 kg for the treatment group was reached. When the treatment group reached the target 

weight, lambs were individually weighed to obtain the Final Live Weight (FLW). They were 

transported the same day to the registered commercial abattoir MEATCO, in Windhoek, 

Namibia which is about 35 km from Bergvlug. The Dorper wether lambs were fasted for a 

period of 18 to 24 hours with water available, at the abattoir before being slaughtered. 

 

2.7.1 Slaughter technique 

As Namibia is a net exporter of meat to the European Union (EU) and to some Muslim 

countries, animals have to be slaughtered in accordance with the EU laws of ethics and 

welfare, combined with Halaal slaughter method. It is required by law that an animal is 

electrically stunned before being slaughtered. This is in order to ensure that the animal does 

not suffer pain during slaughter (Anil et al., 2004). Therefore, on the slaughter day the 

Dorper wether lambs were brought into a stunning box one by one, whereby a low voltage 

alternating electric current was applied by means of two electrodes. The electrodes were 

placed on either side of the head using tongs to render the animal unconscious before it is 

slaughtered. After stunning, the animals were Halaal slaughtered by the Muslim expert by 

cutting the carotids, jugular vessels, oesophagus and trachea in a single cut in order to allow 
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blood to drain from the carcass. The carcasses were hanged on the bleeding rail and the 

dressing operations began after the animals were completely dead. 

 

2.7.2 Carcass grading 

Hot dressed carcasses were immediately graded after slaughter by experienced meat grader 

officials from MEATBOARD of Namibia. Carcass grading was done according to the South 

African Meat Classification System for beef, lamb, mutton and goat meat (Government 

notice no. R.863, 1 September 2006). Quality grades as done by the Meat Board grader 

combines three separate factors that affect the palatability and tenderness of the meat namely 

maturity, subcutaneous fat and muscle conformation: 

• The carcass grading system uses three maturity groups, referred to by letters – A 

(indicating the carcass from the youngest animals with no permanent teeth) to C 

(indicating carcasses from old animals with more than six permanent teeth). 

• Fat was measured by means of visual appraisal into fat classes on an increasing scale 

varying from score 0 (no visible subcutaneous fat on the carcass) to score 6 

(excessively overfat – obese – carcass surface covered with subcutaneous fat). 

• Conformation grading was also done by visual assessment of the muscular and skeletal 

formation of the carcass. The conformation codes range between 1 (very flat) to 5 (very 

round). Thus, the conformation descriptions in the grade specifications referred to the 

thickness of muscling and the fullness of the carcass (Strydom & Smith, 2005). 

 

2.7.3 Carcass weight 

After dressing and evisceration procedures, carcasses were weighed to obtain hot carcass 

weight (HCW). The final live weight and the hot carcass weight were used to determine 

dressing out percentage (DOP). The dressing out percentage of a hot carcass was calculated 

using the formula suggested by Mareko et al. (2006): DOP = (HCW/FLW) x 100. Carcasses 

were chilled in a cooler at a temperature of 0 to 2°C for 24 hours to obtain the cold carcass 

weight. 

 

2.7.4 Carcass measurements 

The chilled carcass of each Dorper wether lamb was divided down the spinal column by a 

longitudinal cut on the vertebral column into two half-carcasses using a meat band saw and 

the left side of the carcass was used for further measurements (Gokdar et al., 2004). The 
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carcasses were measured for carcass characteristics including meat pH, carcass length, 

shoulder and buttock circumferences, fat thickness and the width and depth of the musculus 

longissimus dorsi. 

 

2.7.5 pH measurements 

The pH determination of the carcasses was carried out 1 hour (pH1) and 24 hours (pH24) 

after slaughtering in the left musculus longissimus dorsi (Jones et al., 1995. A portable digital 

pH meter with a penetration electrode was used (Figure 2.4). 

 

 
Figure 2.4 pH of the carcass measured in the musculus longissimus dorsi. 

 

2.7.6 Carcass length 

The individual carcass length of each Dorper wether lamb (distance between the base of the 

tail and the base of the neck) was measured using a calliper before the carcasses were split 

into halves. 

 

2.7.7 Shoulder and buttock circumferences 

The shoulder and buttock circumferences were measured with a flexible tape measure (A. 

Hugo, 2009; personal communication). 
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2.7.8 Fat thickness 

After the chilled carcass of each Dorper wether lamb was divided down the spinal column 

into half-carcasses, a fraction of ribs (10th -12th ribs) was taken by transverse cuts between the 

12th and 13th ribs and between the 9th and 10th ribs from the left side of each carcass (Figure 

2.5). 

 

 
Figure 2.5 Three-ribs sample cut removed from the left side of a carcass. 

 

Fat thickness was measured at ¼, ½ and ¾ positions on the 12th rib from the chine bone end, 

with a vernier calliper (Figure 2.6) and the average of three measurements taken (Jones et al., 

1995; A. Hugo, 2009; personal communication). 
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Figure 2.6 Marked positions on the cut where the fat thickness was measured. 

 

2.7.9 Musculus longissimus dorsi depth and width 

The depth and the width of the musculus longissimus dorsi exposed by cutting the carcass 

between the 12th and 13th ribs, were measured with a vernier calliper (Figure 2.7). 

 

     
Figure 2.7 The width and depth of the musculus longissimus dorsi measured with a 

calliper. 
  

 

2.7.10 Estimation of carcass composition 

A 3-rib cut (9th through to 11th ribs) was removed from the left side of each carcass and was 

physically separated by blunt dissection into muscle, fat and bone (Figure 2.8), as described 

by Einkamerer (2008). The composition of each tissue was used as an estimation of the 

carcass composition. 
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Figure 2.8 Muscle, fat and bone tissues dissected from the 3-rib cut. 

 

2.8 Statistical analysis 

Data were subjected to analysis of variances (ANOVA) using the General Linear Model 

(GLM) procedures of SAS (2006). The effects of the treatments on daily gain, feed intake, 

digestibility, water intake and carcass characteristics were assessed. 

 

The following model was used: 

Yij = µ + ti + eij 
Where Yij = measured variable for the ijth treatment; 
µ = overall mean; 
ti = effect of the ith dietary treatment (1-3) 
 eij = error term. 
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3. Feed intake by Dorper wether lambs in the feedlot and digestibility 

trials 
 

Commercial lamb and mutton production is an important part of the livestock industry in 

South Africa and Namibia. Most commercial farmers use extensive production systems and 

sell weaned lambs as well as culled ewes and rams. Due to the extensive nature of the 

production systems as well as the seasonality of the rainfall and its effects on quantity and 

quality of veld, these sheep are often not ready or fat enough to be marketed. Therefore, it is 

common practice to use short intensive feeding periods to fatten or “round off” animals and 

improve carcass grading before slaughtering. This is done in feedlots both on farms or at 

specialised enterprises. 

 

Feedlot diets invariably incorporate substantial quantities of good quality roughage such as 

lucerne hay. Lucerne has a high demand for water and, therefore, it is mostly produced 

commercially under irrigation. Since water resources are becoming increasingly scarce and 

expensive, an important feed such as lucerne is also becoming increasingly scarce and 

expensive, thus limiting the profitability of sheep feedlot operations. Therefore, there is a 

need to identify and develop affordable alternative feed sources for ruminant feedlot diets. 

 

Over the past decade, sun-dried and coarsely ground Opuntia cladodes have been used 

experimentally as a feed source for ruminants. Previous studies by Zeeman (2005), 

Einkamerer (2008) and Menezes (2008) at the University of the Free State, Bloemfontein 

clearly demonstrated that sun-dried and coarsely ground Opuntia cladodes can replace a 

substantial part of lucerne hay (up to an inclusion level of 360 g/kg) in diets for young Dorper 

wether lambs. Additional nitrogen (N) was included as an NPN source, namely feed grade 

urea. 

 

Therefore, this study focused on evaluating two feedlot diets for Dorper wether lambs, 

containing inclusion levels of about 1/3 sun-dried and coarsely ground Opuntia cladodes of 

the total diet and two different nitrogen sources (NPN and a natural protein). 

 

Three treatment diets were used in this study (see section 2.4) and it was hypothesized that 

Dorper wether lambs fed Opuntia-based feedlot diets: 
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1) will have the same feed intake and apparent digestibility than those on a conventional 

feedlot diet. 

2) with the inclusion of two different nitrogen sources, namely non-protein nitrogen 

(NPN) or natural protein, will not affect feed intake and digestibility of the diets. 

 

To test these hypothesis, a conventional feedlot diet (T0) was used as control diet and 

compared with two Opuntia-based diets (T1 and T2) containing different nitrogen sources, 

namely feed grade urea (an NPN source) or sunflower oilcake meal (natural protein source). 

 

In addition to the feedlot study, the feed intake and apparent digestibility of the three 

treatment diets were determined with some of the Dorper wether lambs in metabolism cages, 

as well as their water intake, urine excretion and faecal output. 

 

3.1 Chemical composition of the three treatment diets 

The chemical composition of the three treatment diets is presented in Table 3.1. Full detail of 

the methodology used in this study is presented in Chapter 2. 

 

Table 3.1 Chemical composition of the three treatment diets (T0, T1 and T2) 

 

 

Chemical constituents 

 Treatment diets* 

 T0 T1 T2 

Dry matter (g DM/kg feed)  933.4 898.6 911.1 

Crude protein (g CP/kg DM)  153.8 149.0 141.3 

Acid-detergent fibre (g ADF/kg DM)  249.9 241.5 228.0 

Neutral-detergent fibre (g NDF/kg DM)  465.4 410.5 418.9 

Lipids (g lipids/kg DM)  23.8 24.9 25.3 

Ash (g ash/kg DM)  72.4 112.0 104.6 

Organic matter (g OM/kg DM)  889.8 850.8 860.9 

Gross energy (MJ/kg DM)  16.8 15.4 15.9 

* T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely 

ground Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 

 

The dry matter (DM) content of the three treatment diets varied slightly.  Zeeman (2005) 

reported that the DM content of diets decreased with increasing inclusion levels of sun-dried 

and coarsely ground Opuntia cladodes, while Einkamerer (2008) and Menezes (2009) 
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concluded that incremental levels of sun-dried and coarsely ground Opuntia cladodes up to 

an inclusion level of 360 g/kg do not have an effect on DM content of diets. 

 

The differences in crude protein (CP) content of the diets were relatively small. Every effort 

was made to balance the diets with regard to CP content (see Table 2.1). However, inclusion 

of sun-dried and coarsely ground Opuntia cladodes in the diets inevitably reduces the CP 

content of the diets because of the relatively low CP content of Opuntia cladodes (Ben Salem 

et al., 1996; Nefzaoui & Ben Salem, 2000; Ben Salem et al., 2002; Batista et al., 2003). The 

latter authors concluded that the CP content of Opuntia cladodes is much lower than the 

maintenance requirements of ruminants. Therefore, an NPN source (feed grade urea) and a 

natural plant protein source (sunflower oilcake meal) were used in this study to balance the N 

content of the two Opuntia-based diets namely (treatment diets T1 and T2) and maintain a 

final CP level required to promote growth as comparable as possible to that for treatment diet 

T0. It should be noted that treatment diet T0 also contained a small quantity of feed grade 

urea (see Table 2.1). 

 

Acid-detergent fibre (ADF), neutral-detergent fibre (NDF), organic matter (OM) and gross 

energy (GE) have all decreased slightly with inclusion of sun-dried and coarsely ground 

Opuntia cladodes in the diets (Table 3.1). In agreement with the Opuntia inclusion levels by 

Zeeman (2005), Einkamerer (2008) and Menezes (2008), the observed results are explained 

by the lower ADF, NDF, OM and GE content of Opuntia cladodes. 

 

The ash content (Table 3.1) increased with inclusion of sun-dried and coarsely ground 

Opuntia cladodes in the diets. This was expected because of the high ash content of Opuntia 

cladodes (Batista et al., 2003). Despite the low lipid content of Opuntia cladodes (Zeeman, 

2005), the lipid content of the Opuntia-based diets showed small increases (Table 3.1). 

 

3.2 Feed and water intake of Dorper wether lambs in the feedlot 

The experiment was conducted using a completely randomized design with fifteen (15) 

Dorper wether lambs per treatment diet, divided into three (3) replicates or subgroups. All 45 

Dorper wether lambs were used for the growth trial in the feedlot to evaluate their growth 

performance and the feed and water intake while consuming treatment diets (T0, T1 and T2). 

For a more detailed description of the methodology used in this part of the study, refer to 

Chapter 2 Materials and Methods. 
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In the following two sections the feed intake (3.2.1) and water intake (3.2.2) of the Dorper 

wether lambs measured in the feedlot are presented and discussed. 

 

3.2.1 Feed intake of Dorper wether lambs in the feedlot 

The feed offered and feed refused at two-day intervals for all nine subgroups of five Dorper 

wether lambs each were recorded to determine the average daily feed intake (Table 3.2). 

 

Table 3.2 The average (mean±s.e.) daily feed intake by Dorper wether lambs in the 

feedlot during the study period 

 

 Treatment diets*   

 T0 T1 T2 P CV1 (%) 

Air dry feed intake (kg/day/head) 1.147±0.050a 1.131±0.071a 1.209±0.022a 0.538 7.3 

DM intake (kg/day/head) 1.071±0.045a 1.016±0.064a 1.102±0.020a 0.454 7.2 

Feeding period (days) 77 91 77   

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 

 

No significant differences (P>0.05) were observed between treatment diets (Table 3.2). 

However, numerically the feed intake by the Dorper wether lambs fed treatment diet T2 was 

the highest and those fed treatment diet T1 was the lowest. 

 

3.2.2 Water intake of Dorper wether lambs in the feedlot 

Although not significantly different (P>0.05), the daily water intake by Dorper wether lambs 

fed treatment diet T2 was numerically higher, followed by treatment diet T0 and for 

treatment diet T1 it was the lowest (Figure 3.1). Previous studies by Zeeman (2005), 

Einkamerer (2008) and Menezes (2008) reported higher daily water intake by Dorper wether 

lambs when fed Opuntia-based diets. 
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Figure 3.1 Average daily water intake (ml/lamb) of Dorper wether lambs in the feedlot 

during the study period. 

 

The daily water intake by the Dorper wether lambs also increased as the feeding period 

progressed irrespective of the treatment diets. This observation is to some extent in agreement 

with the results by Einkamerer (2008). The higher water intake may in part be ascribed to the 

increase in live body weight of the Dorper wether lambs over the trial period (see later Table 

4.1), but also the progressive long-term effect of adaptation to the treatment diets. 

 

3.3 Intake during the digestibility trials 

 

3.3.1 Dry matter and nutrient intake and apparent digestibility of treatment diets 

One replicate group of five (5) Dorper wether lambs per treatment diet was moved from their 

feedlot pens to metabolism cages for a week, namely during weeks 1, 5 and 8 (as determined 

from being fed in the small subgroups of five lambs; see section 2.5.3). The DM and nutrient 

intake and apparent digestibility were determined during the three cage periods. The results 

for intake are shown in Tables 3.3, 3.5 and 3.7 and for the apparent digestibility of the diets in 

Tables 3.4, 3.6 and 3.8, respectively. 
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3.3.1.1 Cage Period 1 

Except for ash and acid-detergent fibre (ADF), there were no significant differences (P>0.05) 

in intake of DM and other nutrients by Dorper wether lambs between the treatment diets 

(Table 3.3). The values of ash were higher for treatment diet T2 (P<0.05) compared to 

treatment diets T0 and T1. The values for ADF were similar for treatment diets T0 and T2 but 

significantly higher (P<0.05) than treatment diets T1 (Table 3.3). Similar DM, CP, NDF, 

Lipids, GE and OM intakes were recorded in the different treatment groups. No plausible 

explanation can be provided for the low but not significantly different (P>0.05) DM intake by 

Dorper wether lambs fed treatment diet T1. 

 

Table 3.3 The daily intake (mean±s.e.) of DM and chemical constituents of the treatment 

diets by Dorper wether lambs during the Cage Period 1 

 

 Treatment diets*   
Intake of chemical constituents T0 T1 T2 P CV1 

(%) 
Dry matter (g DM/day) 1049.9±80.7a 775.1±143.9a 1120.8±126.7a 0.142 27.4 

Crude protein (g CP/day) 168.9±12.2a 123.4±22.9a 160.3±18.4a 0.217 27.2 

Acid-detergent fibre (g ADF/day) 282.2±21.3a 180.2±29.7b 271.7±26.7a 0.033 23.9 

Neutral-detergent fibre (g NDF/day) 560.4±36.2a 390.3±61.9a 559.6±54.7a 0.062 23.1 

Lipids (g lipid/day) 24.2±1.6a 22.3±3.7a 32.5±4.1a 0.109 27.9 

Gross energy (MJ GE/day) 18.9±1.5a 12.7±2.3a 18.4±2.1a 0.086 26.6 

Ash (g ash/day) 83.0±5.9b 93.0±16.7b 140.1±13.8a 0.020 27.5 

Organic matter (g OM/day) 966.8±74.8a 682.0±127.2a 980.7±112.9a 0.127 27.4 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 

 

The apparent digestibility coefficients recorded for DM, CP, ADF, GE and OM (Table 3.4) 

were similar for the different treatment diets. Only NDF and lipids showed significantly 

higher (P<0.05) apparent digestibility for treatment diets T1 and T2 compared to treatment 

diet (T0) (Table 3.4). 
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Table 3.4 Apparent digestibility coefficients (mean±s.e.) of DM and chemical 

constituents of the treatment diets by Dorper wether lambs during the Cage 

Period 1 

 

 Treatment diets *   

Chemical constituents T0 T1 T2 P CV1 (%) 

Dry matter (DM) 0.697±0.022a 0.718±0.015a 0.713±0.011a 0.659 5.3 

Crude protein (CP) 0.740±0.017a 0.772±0.010a 0.753±0.009a 0.221 3.7 

Acid-detergent fibre (ADF) 0.544±0.045a 0.642±0.009a 0.625±0.012a 0.056 10.1 

Neutral-detergent fibre (NDF) 0.698±0.024b 0.774±0.005a 0.757±0.012a 0.013 4.8 

Lipids 0.629±0.026b 0.767±0.046a 0.849±0.012a 0.001 9.3 

Gross energy (GE) 0.696±0.021a 0.738±0.012a 0.722±0.009a 0.169 4.6 

Ash 0.418±0.035a 0.459±0.043a 0.517±0.010a 0.136 15.6 

Organic matter (OM) 0.721±0.021a 0.754±0.013a 0.741±0.011a 0.359 4.7 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance  

 

These results could be explained by a number of factors. Firstly, the high levels of easily 

digestible carbohydrates present in Opuntia cladodes are positively correlated to increases in 

apparent DM digestibility of Opuntia-based diets (Ben Salem et al., 1996; 2004; Misra et al., 

2006). Secondly, the low fibre content of Opuntia cladodes is positively linked to a higher 

digestibility of a feed, therefore it was to be expected that inclusion of Opuntia cladodes 

would result in a higher apparent digestibility (Nefzaoui & Ben Salem, 2000). Similar results 

were reported by Menezes (2008). Thirdly, the additional relatively high fibre content of the 

sunflower oilcake meal may have played a small but unknown role. 

 

3.3.1.2 Cage Period 2 

In general, results similar to those found during Cage Period 1 were also recorded during 

Cage Period 2 (Table 3.5). Similar intakes were observed between all groups. Except for 

lipids, GE and ash, there were no significant differences (P>0.05) for daily intake of the other 

chemical constituents of treatment diets by Dorper wether lambs (Table 3.5) during Cage 

Period 2. Similar results were observed for ash during the Cage Period 1. The same reasons 

given for the results of Cage Period 1 are also valid in this case. 
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Table 3.5 The daily intake (mean±s.e.) of DM and chemical constituents of the treatment 

diets by Dorper wether lambs during the Cage Period 2 

 

 Treatment diets*   

Intake of chemical constituents T0 T1 T2 P CV1 (%) 

Dry matter (g DM/day) 1294.4±98.6a 1140.6±164.8a 1567.4±33.4a 0.056 18.9 

Crude protein (g CP/day) 220.6±16.2a 187.3±27.0a 216.9±4.9a 0.402 19.8 

Acid-detergent fibre (g ADF/day) 302.0±25.6a 412.6±49.9a 377.3±5.8a 0.087 20.0 

Neutral-detergent fibre (g NDF/day) 584.4±42.6a 526.0±72.3a 668.8±10.1a 0.160 18.5 

Lipids (g lipid/day) 36.1±2.7ab 28.5±4.3b 41.9±1.0a 0.026 18.9 

Gross energy (MJ GE/day) 21.9±1.8ab 18.3±2.6b 25.3±0.5a 0.016 19.0 

Ash (g ash/day) 99.7±7.3b 122.8±18.4b 165.7±4.3a 0.006 20.2 

Organic matter (g OM/day) 1194.8±91.3a 1017.8±146.4a 1401.6±29.1a 0.059 18.8 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 

 

The apparent digestibility of the chemical constituents of the treatment diets (Table 3.6) did 

not differ significantly (P>0.05) during the Cage Period 2 among treatment diets, except for 

ADF and lipids. The apparent ADF digestibility was highest for treatment diet T! and lowest 

for treatment diet T0. For lipids the lowest apparent digestibility was for treatment diet T0 

and highest for treatment diet T2. 

 

3.3.1.3 Cage Period 3 

Apart from ash, ADF and NDF, the daily intake (Table 3.7) by Dorper wether lambs of 

chemical constituents did not differ significantly (P>0.05) among the treatment diets. The 

values for ADF and NDF were similar for treatment diets T0 and T2, but significantly higher 

(P<0.05) than for treatment diet T1. The values for ash were higher (P<0.05) for treatment 

diet T2 than treatment diet T0, but not significantly different (P>0.05) from treatment diet T1. 

This same trend was observed throughout the three digestibility trials (Cage Periods 1, 2 and 

3). The main differences were observed in the ADF and NDF. 
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Table 3.6 Apparent digestibility coefficients (mean±s.e.) of DM and chemical 

constituents of the treatment diets by Dorper wether lambs during the Cage 

Period 2 

 

 Treatment diets *   

Chemical constituents T0 T1 T2 P CV1 (%) 

Dry matter (DM) 0.731±0.024a 0.708±0.073a 0.780±0.013a 0.527 13.6 

Crude protein (CP) 0.787±0.019a 0.788±0.052a 0.812±0.010a 0.832 9.2 

Acid-detergent fibre (ADF) 0.572±0.040b 0.756±0.062a 0.696±0.017ab 0.032 14.4 

Neutral-detergent fibre (NDF) 0.700±0.027a 0.732±0.072a 0.759±0.015a 0.666 13.9 

Lipids 0.715±0.026b 0.777±0.055ab 0.858±0.007a 0.045 10.1 

Gross energy (GE) 0.718±0.023a 0.728±0.074a 0.797±0.011a 0.425 13.5 

Ash 0.371±0.052a 0.356±0.146a 0.539±0.033a 0.324 48.5 

Organic matter (OM 0.761±0.021a 0.750±0.065a 0.809±0.011a 0.561 11.6 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 

 

Table 3.7 The daily intake (mean±s.e.) of DM and chemical constituents of the treatment 

diets by Dorper wether lambs during the Cage Period 3 

 

 Treatment diets*   

Intake of chemical constituents T0 T1 T2 P CV1 

(%) 

Dry matter (g DM/day) 1356.3±74.5a 1199.8±159.2a 1533.9±69.6a 0.138 17.9 

Crude protein (g CP/day) 215.2±11.9a 186.3±23.9a 247.1±11.6a 0.073 17.4 

Acid-detergent fibre (g ADF/day) 309.9±18.7a 240.2±29.8b 344.8±13.8a 0.016 16.4 

Neutral-detergent fibre (g NDF/day) 630.4±33.5a 443.6±58.7b 598.4±26.0a 0.018 16.8 

Lipids (g lipid/day) 34.0±2.0a 32.2±4.6a 33.7±1.9a 0.908 20.7 

Gross energy (MJ GE/day) 23.3±2.8a 19.6±2.6a 26.2±1.2a 0.068 17.4 

Ash (g ash/day) 99.5±6.0b 129.5±17.0ab 144.7±7.2a 0.041 20.1 

Organic matter (g OM/day) 1256.8±68.6a 1070.3±142.3a 1389.3±62.6a 0.110 17.7 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 
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Table 3.8 Apparent digestibility coefficients (mean±s.e.) of DM and chemical 

constituents of the treatment diets by Dorper wether lambs during the Cage 

Period 3 

 

 Treatment diets *   

Chemical constituents T0 T1 T2 P CV1 (%) 

Dry matter (DM) 0.684±0.017a 0.704±0.058a 0.749±0.017a 0.451 11.4 

Crude protein (CP) 0.730±0.013a 0.782±0.039a 0.819±0.010a 0.074 7.1 

Acid-detergent fibre (ADF) 0.486±0.027a 0.511±0.099a 0.624±0.028a 0.276 25.3 

Neutral-detergent fibre (NDF) 0.620±0.018a 0.612±0.079a 0.688±0.022a 0.493 17.0 

Lipids 0.621±0.026a 0.745±0.056a 0.754±0.026a 0.057 12.3 

Gross energy (GE) 0.681±0.018a 0.720±0.056a 0.764±0.018a 0.299 11.1 

Ash 0.300±0.046a 0.417±0.109a 0.438±0.046a 0.385 42.7 

Organic matter (OM) 0.714±0.015a 0.739±0.052a 0.781±0.014a 0.360 9.7 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 

 

Similar coefficients of apparent digestibility were observed for all chemical constituents of all 

treatment diets during Cage Period 3 (Table 3.8). It seems that after sufficient adaptation to 

the treatment diets containing sun-dried and coarsely ground Opuntia cladodes, no significant 

differences (P>0.05) in apparent digestibility of the diets were experienced. 

 

Considering the results of all three cage periods, it can be summarised that the daily intake 

and apparent digestibility of DM and most of the other chemical constituents of the treatment 

diets by Dorper wether lambs increased or showed very small decreases as the trial 

progressed from Cage Period 1 to Cage Period 3, regardless of the treatment diets. 

Einkamerer (2008) also observed a similar trend, which may suggest that with time the 

Dorper wether lambs became better adapted to the treatment diets in the trial. 

 

The lack of significant differences in most of the chemical constituents of treatment diets in 

terms of daily intake and apparent digestibility suggest that inclusion of sun-dried and 

coarsely ground Opuntia cladodes in the diets, as well as the different types of nitrogen, did 

not have a marked influence on those variables. 
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3.4 Water intake and urine excretion 

In this study neither the inclusion of sun-dried and coarsely ground Opuntia cladodes in the 

treatment diets nor the quality of nitrogen in the diet had any significant influence (P>0.05) 

on the daily water intake by the Dorper wether lambs (Table 3.9). 

 

Although not significantly different (P>0.05), Dorper wether lambs fed treatment diets T2 

and T0 tended to have a higher daily water intake than those fed treatment diet T1. These 

results are in line with those reported by Zeeman (2005), Einkamerer (2008) and Menezes 

(2008). These authors reported that the daily water intake by Dorper wether lambs tended to 

increase with higher inclusion levels of sun-dried and coarsely ground Opuntia cladodes in 

the diet. Part of the higher water intake was simply induced by the higher feed intake. 

 

Table 3.9 The average (mean±s.e.) daily water intake during the three cage periods by 

Dorper wether lambs 

 

 Treatment diets   

 T0 T1 T2 P CV1 (%) 

Cage Period 1 (ml/day) 1831.3±324.9a 1840.0±233.5a 2002.3±328.0a 0.902 35.3 

Cage Period 2 (ml/day) 2582.9±165.4a 2032.3±273.6a 2218.6±196.4a 0.229 21.3 

Cage Period 3 (ml/day) 2519.7±282.1a 2110.9±306.9a 2787.4±292.5a 0.298 26.6 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 30-33% sun-dried and coarsely ground Opuntia 

cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 

 

In this study, daily water intake by Dorper wether lambs increased as the trial progressed 

from Cage Period 1 to Cage Period 3 (Tables 3.9), regardless of the treatment diets. 

 

Inclusion of sun-dried and coarsely ground Opuntia cladodes in the treatment diets or the 

type of nitrogen source used had no significant effect (P>0.05) on the urine excretion (Table 

3.10) by Dorper wether lambs during the three cage periods. 

 

Similar to the daily water intake, urine excreted by Dorper wether lambs increased as the trial 

progressed from Cage Period 1 to Cage Period 3, regardless of the treatment diets. 
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3.5 Faecal excretion 

During the Cage Periods 1 and 2, no significant differences (P>0.05) were observed in the 

faecal DM excretion by Dorper wether lambs (Table 3.11) among treatment diets. However, 

faecal DM excretion differed significantly (P<0.001) among treatment diets during Cage 

Period 3. These results are also in line with the lower NDF intake of lambs fed treatment diet 

T1 during this last Cage Period 3 (Table 3.7). 

 

Table 3.10 The average (mean±s.e.) daily urine excreted during the three cage periods by 

Dorper wether lambs 

 

 Treatment diets *   

Chemical constituents T0 T1 T2 P CV1 (%) 

Cage Period 1 (ml/day) 420.3±71.9a 571.3±52.6a 637.0±138.1a 0.291 39.1 

Cage Period 2 (ml/day) 573.1±77.3a 666.0±106.9a 692.3±109.7a 0.679 34.4 

Cage Period 3 (ml/day) 1102.5±183.7a 804.9±135.5a 1144.6±187.8a 0.341 37.5 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 

 

Irrespective of the dietary treatments, faecal DM excreted by Dorper wether lambs increased 

as the trial progressed from Cage Period 1 to Cage Period 3. Overall, the Dorper wether 

lambs fed treatment diets T2 and T0 excreted similar quantities of faecal DM in all three cage 

periods, which were higher than for treatment diet T1. 

 

Table 3.11 The average (mean±s.e.) faecal DM excreted during the three cage periods by 

Dorper wether lambs  

 
 Treatment diets*   

Faeces excreted  T0 T1 T2 P CV1 (%) 

Cage Period 1 (g DM/day) 316.8±80.7a 216.4±37.9a 321.5±33.0a 0.073 25.7 

Cage Period 2 (g DM/day) 342.0±20.7a 285.7±6.0a 343.8±19.3a 0.049 11.5 

Cage Period 3 (g DM/day) 424.3±6.2a 319.1±15.1c 381.4±16.7b <0.001 8.0 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b,c Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 
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3.6 Conclusions 

 

In general, the inclusion of sun-dried and coarsely Opuntia cladodes at 300 or 330 g/kg of the 

feedlot diets had little or no effect on the feed intake and digestibility of the treatment diets of 

Dorper wether lambs. Exceptions were observed for the intake and apparent digestibility of 

ADF and NDF as a result of different fibre contents of the treatment diets. Similar water 

intake and urine excretion were observed for Dorper wether lambs fed any one of the 

treatment diets during the three cage feeding periods. 

 

In line with the above conclusions, a similar faecal DM excretion was observed for all three 

the treatment groups during the first two cage feeding periods. However, during the third 

cage feeding period, the Dorper wether lambs fed treatment diet T1 excreted less faecal DM, 

probably as a result of the lower fibre (ADF and NDF) content of treatment diet T1. 

 

Both hypotheses stated at the beginning of this part of the study were confirmed, namely that 

the feed intake and apparent digestibility of the feedlot diets for Dorper wether lambs would 

not be affected by: (1) the inclusion of sun-dried and coarsely ground Opuntia cladodes at 

300 to 330 g/kg; and (2) the nitrogen source used (NPN or natural protein). 
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4. Growth performance and carcass characterisation 
 

As discussed previously in Chapter 3, commercial lamb and mutton production is an 

important part of the livestock industry in South Africa and Namibia. Weaned lambs as well 

as culled ewes and rams are sold to feedlots where they are fattened to improve carcass 

grading quality before being slaughtered. The feedlot diets invariably include good quality 

roughage such as lucerne hay. Therefore, it is common to use short intensive feeding periods 

to fatten or “round off” animals before slaughtering. This is done at feedlots both on farm or 

at specialised enterprises. 

 

Over the past decade, sun-dried and coarsely ground Opuntia cladodes have been used 

experimentally as a feed source for ruminants. Previous studies by Zeeman (2005), 

Einkamerer (2008) and Menezes (2008) at the University of the Free State, Bloemfontein 

clearly demonstrated that sun-dried and coarsely ground Opuntia cladodes can replace a 

substantial part of lucerne hay (up to an inclusion level of 360 g/kg) in diets for young Dorper 

wether lambs. 

 

The growth performance and carcass characteristics are important when finishing lambs in a 

feedlot. These aspects have been reported for Dorper lambs under intensive conditions by 

Milne (2000), Cloete et al. (2000), Staab et al. (1999), Notter et al. (2004), Snowder and 

Duckett (2003) and Daniel and Held (2005). However, none of these studies have used 

Opuntia as part of the feedlot diets. Therefore, this study focused on evaluating two feedlot 

diets for Dorper wether lambs, containing inclusion levels of about 1/3 sun-dried and coarsely 

ground Opuntia cladodes of the total diet and two different nitrogen sources (NPN and a 

natural protein). 

 

Three treatment diets were used in this study (see section 2.4) and it was hypothesized that 

Dorper wether lambs fed Opuntia-based diets: 

1) will have the same growth performance and carcass characteristics in a feedlot than 

those fed a conventional feedlot diet. 

2) with the inclusion of two different nitrogen sources, namely non-protein nitrogen 

(NPN) or natural protein, will not affect growth performance and carcass 

characteristics. 
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To test these hypothesis, a conventional feedlot diet (T0) was used as control diet and 

compared with two Opuntia-based diets (T1 and T2) containing two different nitrogen 

sources, namely feed grade urea (an NPN source) or sunflower oilcake meal (natural protein 

source). The composition of the treatment diets (T1, T2 and T3) is shown in Table 3.1. Full 

detail of the methodology used in this study is presented in Chapter 2. 

 

4.1 Growth performance of Dorper wether lambs 

The live body weight changes of Dorper wether lambs fed treatment diets T0 and T2 were 

slightly higher (P>0.05) than those fed treatment diet T1 (Figure 4.1), but their growth curves 

were very similar until the end of the feeding trial period. 

 

 
 

Figure 4.1 Average live body weight of Dorper wether lambs during the feeding period in 

the feedlot 

 

Average initial body weight of the Dorper wether lambs was the same for all three treatment 

diets (Table 4.1), but the Dorper wether lambs fed treatment diets T0 and T2 reached the 

target weight of 35 kg for slaughtering after about 11 weeks. Two weeks later the Dorper 

wether lambs fed treatment diet T1 were still weighing on average only about 32.5 kg (Table 
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4.1) and it was decided to slaughter them. However, in terms of live body weight changes, 

there were no significant differences (P>0.05) among treatments. 

 

Table 4.1 Performance of the Dorper wether lambs during the feeding period in the 

feedlot and the cost of diets 

 
    Treatment diets *   

Variable   T0 T1 T2 P CV1% 

Initial live body weight (kg) 21.23±0.55a 21.13±0.46a 21.67±0.50a 0.730 9.13 

Final live body weight (kg) 35.46±0.11a 32.43±0.53a 35.60±0.64a 0.057 11.0 

Total weight gain (kg) 13.90±0.41a 11.30±0.09a 13.93±0.32a 0.064 25.6 

Average daily weight gain (ADG) (g) 180.6±3.7a 125.4±0.8b 181.0±2.9a <0.001 24.6 

Feed intake (kg DM/day/head) 1.147±0.050a 1.131±0.071a 1.209±0.022a 0.538 7.3 

FCR (kg DM intake/kg gain) 6.07±0.73b 8.25±0.27a 6.11±0.16b 0.036 10.9 

Cost of diet/kg (N$) 3.14±0.01a 2.42±0.02b 2.70±0.01b 0.001 0.9 

Cost of diet/head/day (N$) 3.71±0.18a 2.73±0.19b 3.26±0.01b 0.007 5.7 

Feeding period (days) 77 91 77   

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 

 

The observations in this study on the live body weight of Dorper wether lambs fed Opuntia-

based diets were in agreement with the findings by Zeeman (2005), Einkamerer (2008) and 

Menezes (2008). Their studies showed that the inclusion of 360 g/kg sun-dried and coarsely 

ground Opuntia cladodes in diets did not have a significant effect on live body weight of 

Dorper wether lambs. However, it must be noted that the Dorper wether lambs used in the 

studies by Zeeman (2005), Einkamerer (2008) and Menezes (2008) were older and also 

heavier than those used in this study. Therefore, comparisons of animal performance must be 

viewed with caution. 

 

In this study, the average daily gain (ADG) of the young Dorper wether lambs (Table 4.1) 

was significant (P<0.05) lower for Dorper wether lambs fed treatment diet T1 compared to 

those fed treatment diets T2 and T0. 
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When comparing the two Opuntia-based diets (T1 and T2), the ADG was significantly higher 

(P<0.05) for lambs fed the diet containing natural protein (T2) (Table 4.1) than for those fed 

the diet with NPN (T1). Degu et al. (2008) reported similar results, namely that plant oilcake 

meals enhanced the growth performance of lambs on Opuntia-based diets. 

 

The differences in ADG observed between treatment diets T1 and T2 could be partially 

attributed to the quality of N sources, specifically the amino acid profile, used to balance the 

Opuntia-based diets. Feed grade urea, an NPN source, was included in treatment diet T1 and 

sunflower oilcake meal (a source of natural plant protein) was included in treatment diet T2. 

Unlike the NPN source, the natural protein source provided amino acids and promoted better 

growth in animals. Newly weaned young lambs that have recently still been suckling, may 

still be lacking in development of the reticulo-rumen and is, therefore, still more dependent 

on dietary amino acids. As emphasised by Schilling (2005), protein is an essential dietary 

element that is necessary for proper soft tissue development in growing lambs and sufficient 

protein should therefore be provided to promote the desired growth rates. 

 

It has been well documented (Sirohi et al., 1997; Ben Salem et al., 2002; 2004; Misra et al., 

2006; Tegegne et al., 2005) that Opuntia cladodes have a low protein content and, therefore, 

additional N should be included in Opuntia-based diets to improve its nutritive value. 

Mendez-Llorente et al. (2008) observed improved growth by lambs fed an Opuntia-based 

diet containing fish meal. A similar observation was made by Misra et al. (2006) when 

groundnut meal was included in an Opuntia-based diet. Therefore, the results of the current 

study are in agreement regarding the positive effects of the inclusion of a natural protein 

source in Opuntia-based diets to promote growth of lambs. 

 

Level of feed intake can have a great affect on the cost of livestock production (Schilling, 

2005). This author stated that although a lower daily feed intake results in corresponding 

decreases in the cost of feeding, it also reduces average daily gain (ADG) and increases the 

number of days required to reach the target weight. As shown previously in Table 4.1, the 

Dorper wether lambs fed treatment diets T0 and T2 had higher ADG’s and thus required 

fewer days to reach the target slaughter weight than Dorper wether lambs fed treatment diet 

T1. Furthermore, the Dorper wether lambs fed treatment diet T1 (containing NPN) failed to 

reach the target average body weight of 35 kg. It was therefore decided to slaughter these 

Dorper wether lambs after 91 days in the feedlot at an average body weight of 32.5 kg. 
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Efficiency of gain or feed conversion ratio (FCR) is another important determinant of feedlot 

efficiency. According to Schilling (2005), a decrease in the quantity of feed needed by an 

animal to reach a target weight may increase profitability. The results presented in Table 4.1 

show that the Dorper wether lambs fed treatment diets T0 and T2 had a similar FCR, but 

these FCR’s were significantly better (P<0.05) than those fed treatment diet T1. Thus, the 

Dorper wether lambs fed treatment diet T1 required more feed than those fed treatment diets 

T0 and T2 to gain the same live body weight in the feedlot. 

 

The basic information used for estimating the cost of the diets (Table 4.1) was derived mainly 

from the prices of different ingredients used to formulate the treatment diets and the quantity 

of feed eaten by the Dorper wether lambs during the feeding periods in the feedlot (see 

Chapter 3 for detail). 

 

The information presented in Table 4.1 was used to estimate the cost of feeding one Dorper 

wether lamb a conventional feedlot diet (treatment diet T0) to reach a target slaughter weight 

of 35 kg after 77 days. This amounts to a total feed cost of N$278.20 per head. However, it 

required N$26.96 less in feed cost for a lamb fed treatment diet T2 to reach the target 

slaughter weight of 35 kg after the same feeding period of 77 days. Although, it took longer 

(91 days) for Dorper wether lambs fed treatment diet T1 to approach the target slaughter 

weight, the feed costs were however less than for treatment diets T0 and T2, namely N$29.39 

and N$2.43 per head respectively. This can be partly explained by the lower unit cost of diets 

and cost of diet/head/day for treatment diet T1 compared to treatment diets T0 and T2. 

 

4.2 Carcass evaluation 

 

4.2.1 Carcass weight and dressing percentage 

Carcass characteristics of the Dorper wether lambs in the three treatment groups (T0, T1 and 

T2) are presented in Table 4.2. The hot and cold carcass weights did not show significant 

differences (P>0.05) among treatment diets. This was expected because the target live weight 

of 35 kg was predetermined. The dressing percentage was, however, slightly significantly 

(P<0.06) higher for Dorper wether lambs fed the Opuntia-based treatment diets (T1 and T2) 

than those fed the conventional feedlot diet (T0). 
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Results of carcass weight for Dorper wether lambs fed Opuntia-based diets at an inclusion 

level of 300 to 330 g/kg were slightly lower than those (17.77 kg) reported by Einkamerer 

(2008) at a similar inclusion level of sun-dried and coarsely ground Opuntia cladodes. 

However, the Dorper wether lambs in the study by Einkamerer (2008) were older and heavier 

than those used in the present study. 

 

4.2.2 Carcass value characteristics (grading) 

Carcass value characteristics (grading) were assessed according to visible subcutaneous fat 

cover and leanness of the meat. According to Snowder and Duckett (2003), the fat cover over 

the musculus longissimus dorsi is a very important aspect of the carcass grading and value. 

 

In addition, Lovandini et al. (2006) stated that a fattening score and conformation of 

carcasses are criteria that define carcass quality. Carcasses finished with good conformation 

tend to fetch a better price/kg at sale, especially in countries with a tradition of lamb and 

mutton production, as it is the case for Namibia and South Africa. 

 

In the present study, fatness score and conformation did not differ significantly (P>0.05) 

among treatment diets (Table 4.2). After visual evaluation of the fatness score, all carcasses 

of the Dorper wether lambs in the three treatment diets fell between the second and the third 

quality grades, in the score range of 2.43 to 2.86. For conformation score, the carcasses 

varied from a score of 3.86 to 4.36. Moreover, the fatness score and the average fat thickness 

of Dorper wether lambs fed treatment diet T1 tended to be numerically slightly higher than 

for treatment diets T0 and T2 (Table 4.2). 

 

The carcass quality grades and prices obtained by Dorper wether lambs are shown in Table 

4.3. Most of the Dorper wether lambs fed treatment diets T2 and T0 obtained the highest 

possible grade (A2), with 66.7% of the lambs in treatment diet T2 and 53.8% in treatment 

diet T0. Fifty percent of the Dorper wether lambs fed treatment diet T1 obtained the second 

highest possible carcass quality grade (A3). 
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Table 4.2 Slaughter weight and carcass characteristics of the Dorper wether lambs fed three treatment diets in a feedlot 

Variables Treatment diets *   
 T0 T1 T2 P CV1% 
Carcass weight and dressing percentage      
Slaughter weight (kg) 35.46±0.06a 32.53±0.55a 35.57±0.61a 0.057 11 
Hot carcass weight (kg) 16.77±0.36a 16.33±0.54a 17.69±0.51a 0.133 10.5 
Cold carcass weight (kg) 16.26±0.06a 15.85±0.12a 17.16±0.17a 0.130 10.8 
Hot carcass dressing (%) 47.30±0.17b 50.62±0.67a 49.62±0.44a 0.006 5.3 
 
Carcass value characteristics (grading) 

     

Fatness code (score 0 to 6) 2.57±0.23a 2.86±0.23a 2.43±0.17a 0.357 30.3 
Conformation (score 1 to 5) 4.36±0.20a 3.86±0.27a 3.86±0.14a 0.171 19.7 
 
Carcass measurements 

     

Carcass external length (cm) 55.59±0.75a 51.65±1.07b 57.13±0.52a <0.001 5.5 
Shoulder circumference (cm) 29.16±0.61a 26.11±0.39a 23.54±1.64b 0.002 14.7 
Buttock circumference (cm) 41.71±0.42a 41.59±0.60a 41.36±0.77a 0.920 5.5 
musculus longissimus dorsi width (cm) 5.63±0.20a 5.86±0.20a 5.85±0.07a 0.113 5.7 
musculus longissimus dorsi depth (cm) 2.78±0.07a 2.96±0.11a 2.87±0.08a 0.354 10.9 
pH1 5.84±0.07a 5.71±0.01a 5.76±0.08a 0.425 4.8 
pH24 5.54±0.05a 5.62±0.02b 5.65±0.03b 0.021 2.0 
      
Fat thickness      
Fat thickness was measured at ¼ position      
on the 12th rib from the chine bone end 2.93±0.32b 4.54±0.61a 3.91±0.29a 0.042 43.1 
Fat thickness was measured at ½ position      
on the 12th rib from the chine bone end 6.32±0.99a 4.17±0.51b 4.00±0.45b 0.041 53.6 
Fat thickness was measured at ¾ position      
on the 12th rib from the chine bone end 6.76±0.83a 8.35±0.91a 7.31±0.59a 0.362 39.3 
Average fat thickness 5.34±0.06a 5.69 ±0.07a 5.08±0.13a 0.746 40.6 

* T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground Opuntia cladodes, with different nitrogen sources (T1 – 
NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 
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Based on the grading of carcasses, Dorper wether lambs fed treatment diet T2 obtained on 

average the highest price of N$24.35/kg, while those fed treatment diets T0 and T1 on 

average obtained N$ 23.50/kg and N$23.67/kg, respectively (Table 4.3). 

 

Table 4.3 Carcass grades and prices per kg obtained by the Dorper wether lambs fed the 

three treatment diets 

 

  Treatment diets* 

Carcass grades obtained (%) T0 TI T2 

 % % % 

A2 53.8 36 66.7 

A3 38.5 50 26.7 

A4 7.7 7 6.7 

A5  7  

Carcass price (N$/kg) 23.80 23.67 24.35 

* T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 to 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 

 

4.2.3 Carcass measurements 

Except for the external carcass length, shoulder circumference and pH24 (Table 4.2), there 

were no significant differences (P>0.05) in all other carcass measurements between the 

Dorper wether lambs on the different treatment diets. The external carcass length of the 

Dorper wether lambs was highly significantly different (P<0.001), with treatment diets T2 

and T0 being the longest and treatment diet T1 recording the shortest carcasses. These values 

are in line with the differences in ADG (Table 4.1). The values for shoulder circumference 

were higher (P<0.05) for Dorper wether lambs fed treatment diet T0 than the two Opuntia-

based diets, with Dorper wether lambs fed on treatment diet T2 being the lowest. 

 

The results in Table 4.2 also indicate that pH measured in the left musculus longissimus dorsi 

of the carcasses 1 hour (pH1) after slaughtering were similar (P>0.05) for all treatment diets. 

However, pH measured 24 hours (pH24) post-mortem was significantly (P<0.05) lower for 

carcasses of Dorper wether lambs fed treatment diet T0 compared to those fed treatment diets 

T1 and T2. According to Lapenga et al. (2009), the pH usually indicates the preservation 

quality of the meat and that good quality meat usually has a pH of 5.4 to 5.7. Although there 
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were significant differences (P<0.05) between treatments after 24 h, the pH24 values were all 

within the normal range. 

 

The ultimate pH, also referred to as the final pH of the meat, is usually reached 24 hours post-

mortem. This pH is attained either by depletion of glycogen reserves in muscles or when the 

pH has reached a point at which enzymes become inactive (Sebsibe, 2009; Jeremiah et al., 

1991). Deviation from a normal pH range has the potential to produce carcasses that are more 

susceptible to microbial contamination. 

 

4.2.4 Fat thickness 

Average fat thickness over the musculus longissimus dorsi taken at three different positions 

on the 12th rib obtained in this study (Table 4.2) were not significantly (P>0.05) different. 

 

However, fat thickness varied across the three different positions over the musculus 

longissimus dorsi (or the eye muscle) on the 12th rib (Table 4.2), which could be suggesting a 

trend of uneven distribution of subcutaneous fat over the loin. Daniel and Held (2005) 

observed a fat thickness of 5.5 mm between the 12th and 13th rib in Dorper-sired lambs with 

an average carcass weight of 26.6 kg. However, irrespective of the nutritional influence, 

Cloete et al. (2000) reported that Dorper sheep are early maturing and capable of depositing 

fat at an early age and lighter weight than most other mutton breeds in South Africa. 

 

4.2.5 Carcass composition 

Daskiran et al. (2006) emphasised that tissue analysis for experimental purposes on whole or 

half carcasses requires much more time and labour beside the economical loss incurred when 

selling carcasses from this type of trial than when estimates are used. Therefore, only a 3-rib 

cut (9th to 11th ribs) was used for tissue analysis in this study in order to speed up analysis and 

cost-effective determination of tissue composition (Table 4.4). 

 

Although slight variations were observed, the treatment effect was not significant when the 

proportions of muscle and bone were expressed as percentage of the 9th through 11th rib cut. 

However, with regard to tissues, the fat composition of carcasses of Dorper wether lambs fed 

treatment diet T2 was significantly (P<0.05) higher than those fed treatment diets T0 and T1. 

Nevertheless, the carcasses were given a similar carcass grading, regardless of the treatment 
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diet used. This means that although there were differences in tissue composition, it had no 

effect on the carcass grading. 

 

Table 4.4 Proportion of the muscle, bone and fat of the 3-rib cut from carcasses of the 

Dorper wether lambs 

 

Tissue Treatment diets *   

� T0 T1 T2 P CV1% 

Muscle (%) 54.34±0.35a 51.33±0.42a 49.72±0.77a 0.087 10.5 

Fat (%) 25.00±0.80b 25.20±0.00b 31.30±0.80a 0.026 24.6 

Bone (%) 20.62±0.44a 23.45±0.45a 18.97±0.01a 0.146 28.3 

*T0 - conventional feedlot diet; Opuntia-based diets T1 & T2 – 330 and 300 g/kg sun-dried and coarsely ground 

Opuntia cladodes, with different nitrogen sources (T1 – NPN and T2 – Natural protein) 
a,b Means with different superscripts within a row are significantly different (P < 0.05) 
1 Coefficient of variance 

 

4.3 Conclusions 

The lack of significant differences in most of the carcass characteristics considered in this 

study suggest that carcass quality is not markedly affected by inclusion of sun-dried and 

coarsely ground Opuntia cladodes in feedlot diets (up to 300 or 330 g/kg) for Dorper wether 

lambs or by the type of nitrogen source used. Thus, the carcasses of the Dorper wether lambs 

fetched very similar prices per kg. The Dorper wether lambs fed treatment diet T1 were not 

able to reach the average target slaughter weight of 35 kg. Therefore, their carcasses with a 

lower weight and poorer grading fetched a lower price per carcass. 
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5. Conclusions and recommendations 
 

Recent studies have established experimentally the potential of sun-dried and coarsely ground 

Opuntia cladodes as an alternative feed source for ruminants. Therefore, this study focused 

on the intake and digestibility, growth performance and carcass characteristics of young 

Dorper wether lambs fed sun-dried and coarsely ground Opuntia-based feedlot diets with two 

different nitrogen sources, namely an NPN (feed grade urea) or a natural protein source 

(sunflower oilcake meal). 

 

Chemical analysis of the three treatment diets used in this study showed that acid-detergent 

fibre (ADF), neutral-detergent fibre (NDF), organic matter (OM) and gross energy (GE) have 

decreased with inclusion of sun-dried and coarsely ground Opuntia cladodes, which is 

ascribed to the lower ADF, NDF, OM and GE content of the Opuntia cladodes. On the other 

hand, ash and lipids increased with inclusion of sun-dried and coarsely ground Opuntia 

cladodes in the treatment diets. 

 

The inclusion of sun-dried and coarsely ground Opuntia cladodes at 330 or 300 g/kg in the 

treatment diets in general had little or no effect on the feed intake and digestibility by Dorper 

wether lambs. Exceptions were observed for the intake and apparent digestibility of ADF and 

NDF as a result of the different fibre content of the treatment diets. Similar water intake and 

urine excretion were observed for Dorper wether lambs fed any one of the treatment diets 

during the three cage feeding periods. 

 

Two hypotheses were formulated for the study and were confirmed by the results, namely 

that the feed intake and apparent digestibility of the feedlot diets for Dorper wether lambs 

would not be affected by: (1) the inclusion of sun-dried and coarsely ground Opuntia 

cladodes at 330 and 300 g/kg; or (2) two nitrogen sources used (NPN or natural protein) in 

the Opuntia-based diets. 

 

Considering the results of the Cage Periods 1 to 3, it can be summarised that both the daily 

intake and apparent digestibility of DM and other chemical constituents of Dorper wether 

lambs increased or showed very little decreases as the trial progressed, regardless of the 
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treatment diets. It suggests that the reticulo-rumen of Dorper wether lambs were getting better 

adapted over time to the diets and consequently improved digestibility. 

 

Feedlot performance in terms of average daily gain and feed conversion efficiency of Dorper 

wether lambs fed the Opuntia-based diet supplemented with natural protein were comparable 

to the conventional feedlot diet. The Dorper wether lambs fed the Opuntia-based diet 

supplemented with NPN had a lower growth rate than those fed the conventional feedlot diet 

and the Opuntia-based diet supplemented with natural protein. Feed conversion efficiency for 

treatment diet T1 (8.25) was significantly (P>0.05) different from treatment diets T0 (6.07) 

and T2 (6.11). Dorper wether lambs fed the conventional diet and the Opuntia-based diet 

supplemented with natural protein required less feed to gain weight than those fed an 

Opuntia-based diet supplemented with NPN. This suggests that, supplementing an Opuntia-

based feedlot diet with a natural protein source will markedly improve feed efficiency and 

average daily gains of lambs compared to NPN. This may reduce the feeding period required 

to reach the target slaughter weight and increase the economic benefit associated with the use 

of sun-dried and coarsely ground Opuntia cladodes in feedlot diets. 

 

There was a lack of significant differences in most of the carcass characteristics considered. 

This suggests that carcass quality is not markedly affected by inclusion of sun-dried and 

coarsely ground Opuntia cladodes in feedlot diets (up to 330 or 300 g/kg) for Dorper wether 

lambs or by the type of nitrogen source used to balance the feedlot diets. Furthermore, the 

carcasses of the Dorper wether lambs fed the three different treatment diets fetched very 

similar prices per kg. However, the Dorper wether lambs fed treatment diet T1 (Opuntia-

based diet with the inclusion of additional nitrogen in the form of feed grade urea, an NPN 

source) were not able to reach the average target slaughter weight of 35 kg, even after 91 

days in the feedlot. Therefore, their lighter carcasses at slaughter fetched a lower total price 

per carcass. 

 

The natural protein source (sunflower oilcake meal) improved the nutritive value of an 

Opuntia-based diet and promoted better growth of Dorper wether lambs compared to those 

on an Opuntia-based diet balanced with an NPN source such as feed grade urea. The results 

of this study support the findings by other studies emphasising that dietary protein, 

specifically amino acids, is necessary for proper soft tissue development in growing lambs, 

and should therefore be provided in sufficient amounts to get the desired growth rates. 
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The results of this study, the fourth study under the auspices of the UFS, opened the prospect 

of formulating affordable Opuntia-based diets for specific application to ruminant species of 

different ages and production classes. However, more research is needed to evaluate the 

growth performance, carcass characteristics and profitability of other small stock breeds and 

ruminant species fed sun-dried and coarsely ground Opuntia cladodes in feedlot diets, 

balanced with different nitrogen sources. 
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