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Abstract  

Acacia karroo is one of the most widespread and abundant indigenous tree legume 

species in Southern Africa. The tree possesses positive attributes such as high growth 

rates, drought tolerance, adaptation to acidic infertile soils and resistance to large 

temperature variations. In the recent past, A. karroo was deemed to be a severe 

encroacher, which adversely affected land utilisation and rangeland productivity. 

Research attention has been diverted from its riddance as a weed to its utilisation as 

an animal feed. Widespread adoption of feeding strategies based on A. karroo was 

mainly impeded by the presence of thorns and tannins. The objective of the study 

was to determine the effects of A. karroo leaf meal as a supplement on the growth 

performance feed intake, feed conversion ratio and body condition score of boar 

goats. Sixteen 3-month-old Boer goats were kept at the University of Namibia, 

Neudamm Campus farm. At the beginning of the experiment the goats had a mean 

body weight of 18.52 kg ± 0. 743 kg (mean ± S.E.) and a mean body condition score 

of (BCS) of 3.31 ± 0.176 (mean ± S.E.).  From birth until weaning the kids were kept 

on natural pastures with their mothers. The goats were housed in an open sided barn 

for a period of 60 days, and were fed 600 g/head/day of pellets and Lucerne covering 

their maintenance and growth needs. For the purpose of the experiment, the goats 

were randomly divided into four treatment groups of four goats each. The goats were 

fed on A. karroo leaf meal at different levels 0%, 10%, 20% and 25% respectively.  

The effect of A. karroo supplement on growth performance (ADG), voluntary feed 

intake (VFI), feed conversion ratio (FCR) and body condition score on Boer goats 

was determined. There was a significant effect (P<0.05) of the A. karroo supplement 



ii 
 

on the VFI (average= 1.026kg ± 0.1954kg (mean ± S.E.)) and FCR (average FCR= 

7.892). There was a significant effect (P<0.05) of A. karroo supplement on the ADG 

(average ADG =0.130kg ± 0.078kg (mean ± S.E.))  and BSC (average BCS = 4.94 ± 

0.213 (mean ± S.E.)). The research demonstrated that Acacia karoo leaf meal can 

substitute protein sources in goat fattening meal up to an inclusion rate of 25%.  

 

Key words: Body condition score, Feed intake, Feed convention ratio, Browse, Bush 

encroachment. 
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CHAPTER 1 

1.0. INTRODUCTION 

1.1. Orientation of the study  

It has been reflected time and again that livestock in Namibia is an important and 

integral component of agriculture. Agriculture in Namibia contributes around 5% of 

the national Gross Domestic Product. Not only does the subsector provide the much-

needed animal protein for the ever-growing human population, but it also offers 

employment opportunities for millions of rural and urban dwellers involved in some 

form of livestock production and marketing (Mushendami, Biwa, & Gaomab II, 

2008). 

Considering goats in particular, they have a great role in the economy of farming 

community of Namibia. Namibia’s lamb and goat meat (chevon) is well known for 

its taste, tenderness and wholesome goodness. The major advantage of chevon is its 

lower fat content compared to other types of red meat (Park et al., 1991). Namibia 

has 1.8 million goats, well known for their good conformation and tasty meat 

(FAOSTAT, 2013). A total of 200 000 goats are exported annually to South Africa. 

The Boer goat is the most popular breed in Namibia. Sale of goats and goat products 

(meat, skin and milk) by smallholder farming communities is the major source of 

cash for purchase of clothes, grains and other essential household commodities 

(MAWF, 1999).  

 Goats have the ability to adapt to all climatic conditions and are important from an 

ecological perspective in controlling bush encroachment. Bush encroachment 

constitutes a major management problem in savannas (Mahanjana & Cronje, 2000). 

http://en.wikipedia.org/wiki/Gross_Domestic_Product
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Persistent invasion of the grass sward by the bush component is caused by various 

factors, including low fire frequency, under-utilisation of the bush component, and 

overgrazing of the herbaceous component, which together tip competitive 

interactions in favour of encroachment by woody species (Smit et al., 1999). Goats 

can effectively control sprouts and regrowth following mechanical control (Du Toit, 

1972; Strang, 1974; Trollope, 1974; Trollope et al., 1989). 

Communal goat production is among the activities used for quick and easy income 

for communal households. The advantage of goats in low income households is that 

they are both grazers and browsers and therefore, can effectively utilize a wide range 

of feed resources with minimal supplementation. There are a number of constraints 

facing smallholder goat production. Underfeeding has been said to be the major 

source of problems such as diseases, poor growth and reproduction. Browsable plants 

have been observed to be a good source of feed, particularly protein, for goats in 

resource poor areas. Besides being a source of protein, brown species such as acacia 

species contain some polyphenolic compounds with an acaricidal effect on disease 

causing pathogens in the gastrointestinal tract such as gastrointestinal parasites 

(Xhomfulana, Mapiye, Chimonyo, & Marufu, 2009). Acacia karroo is among plant 

species which is abundant in most communal rangelands and is preferred by goats for 

browsing. This plant species is easily accessible by farmers and can be prepared and 

fed as leaf meal (Mapiye et al., 2009). Acacia karroo contains up to 230g/kg CP and 

can be considered as a cheap source of proteins in communal goat and beef 

production (Mapiye et al., 2009). 

Additional protein supplementation (Hoste et al., 2005; Hoste, Torres-Acosta, & 

Aguilar-Caballero, 2008) primarily through the use of protein sources such as A. 
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karroo leaf meal (Mapiye et al., 2009) in ruminant nutrition, improves average body 

weight gain and hence body condition scores (Arsenos et al., 2009). An improved 

body weight leads to heavier carcasses, thus improving the quality and quantity of 

meat produced (Arsenos et al., 2009). Feeding on A. karroo leaf meal has been 

reported to improve nutritional status, growth performance and carcass traits in cattle 

(Mapiye et al., 2009). 

 Excess body fat deposition in meat producing animals is now of concern to both 

producers and consumers. The latter consideration is important because results of 

many human studies have related high dietary fat intake to the incidence of 

cardiovascular diseases and cancer (Lichtenstein, 1999). Due to increasing public 

demand for low fat and low cholesterol products, interest in manipulating the lipid 

composition of goat meat via dietary means has become important (Sacks, 2002). 

1.2. Statement of the problem 

Approximately 2% of meat consumed in the world originates from goats (FAOSTA, 

2005). However, it must be noted that goat meat may not be traded as other major 

meats and it is mostly consumed locally (Solaiman, 2005). Recent advances in 

animal nutrition have shown that the essential fatty acid profile in meat can be 

altered through feeding. Thus through the adoption of appropriate feeding strategies, 

meat can become a functional food. Feeds from plants that contain tannins produce 

leaner carcasses and therefore, leaner meat (Purchase & Keogh, 1984). In developing 

countries, most legumes used for animal feeding such as Leucaena leucocephala, 

cow peas and Acacias are high in tannins, although abundantly available; they are 

only used to a limited extent for livestock. The emphasis has been on researching 
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anti-nutritional effects of such feeds and the impact on animal performance. 

However, the effects of tannins on goat’s weight, body condition score and feed 

intake are not extensively known. Therefore, the present study aimed at determining 

whether ingestion of tannins rich A. karroo would affect the growth performance of 

Boer goats. 

1.3. General Objective 

The study was conducted to determine the effect of tanniferous Acacia karroo leaf 

meal level of supplementation on growth performance, feed intake and body 

condition score of Boer goats. 

 1.4. Specific objective  

a. To evaluate the nutritional composition of tanniferous Acacia karroo leaf meal. 

b. To determine the effect of tanniferous Acacia karroo leaf meal supplementation 

on feed intake. 

c. To determine the effect of tanniferous Acacia karroo leaf meal on live weight of 

Boer goats. 

d.  To determine the effect of tanniferous Acacia karroo leaf meal supplementation 

on body condition score of Boer goats. 

1.5. Hypothesis of the study  

a. Tanniferous Acacia karroo leaf meal has no potential chemical attributes for 

goat feeding. 

b. Tanniferous Acacia karoo leaf meal level of supplementation has no effect on 

feed intake. 
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c. Tanniferous Acacia karoo leaf meal level of supplementation has no effect on  

live weight. 

d. Tanniferous Acacia karoo leaf meal level of supplementation has no effect on 

body condition score of Boer goats.  

1.6. Significance of the study 

Plants species like tanniferous A. karroo are known to inhabit rangelands and cause 

bush encroachment. They can be harvested and made available to animals such goats 

and be utilized as a feed supplement. Harvesting of tanniferous Acacia karroo will 

not only benefit animals but will also restore rangelands to better conditions. Goats 

play an important economic, nutritional and socio-cultural role in the livelihoods of 

poor rural households in many developing countries. These livestock have a high 

socio-economic value and are important to those (often landless) people who do not 

own cattle, or sheep. Small ruminant production activities are particularly important 

to women, who often own and manage them and control cash from sales. The 

resulting income is often used to support education of children.  

1.7. Limitation of the study 

Seasonal variation in the nutrient value of tanniferous A.karroo leaves was most 

likely to cause variation in the results of the research. The research was therefore, 

timed by delaying the start because the tanniferous A. karroo plants shed their leaves 

in winter season and start shooting up later on in early spring. 
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CHAPTER 2 

2.0. LITERATURE REVIEW 

2.1. Introduction  

Goats are important livestock species in developing countries. Goats are hardy and 

well-adapted to harsh climates. Due to their grazing habits and physiological 

characteristics, they are able to browse on plants that would normally not be eaten by 

other livestock species. Thus, the presence of goats in mixed species grazing systems 

can lead to a more efficient use of the natural resource base and add flexibility to the 

management of livestock. This last characteristic is especially desirable in fragile 

environments.  

Goat production constitutes an important subsystem of animal production, especially 

in semi-arid and arid areas (Simela, 2005). Productivity indicators such as sales and 

home slaughter reveal that goat productivity in smallholder areas is low. This could 

be due to negative perceptions of chevon by consumers (Webb, Casey, & Simela, 

2005). The majority of consumers do not accept chevon in their day-to-day 

consumption because they perceive it as smelly (Simela, 2005). South African 

urbanites associate chevon with traditional and religious ceremonies rather than with 

daily consumption (Simela et al., 2008; Rumosa-Gwaze, Chimonyo, & Dzama, 

2009). 

Diet has been shown to be one of the main factors influencing carcass yield and 

qualities in many livestock species (Wood et al., 2008), specifically in goats 

(Warmington & Kirton, 1990; Webb et al., 2005). Feed accounts for the highest 
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single cost of the majority of livestock meat production operations. Goat meat 

production requires a high quality and balanced diet of mainly proteins. 

Conventional feeds are expensive and are out of the reach of resource poor farmers. 

Therefore, profitable goat meat production can only be achieved by optimizing the 

use of high quality forage and browse instead of more expensive concentrate feeds 

(Matthew & Jean-Marie, 2002). Browse trees such as A. karroo are gaining 

importance as a protein supplement for grazing ruminants because they are 

widespread and abundantly available during the dry season (Mokoboki, Ndlovu, 

Ngambi, Malatje, & Nikolovav, 2005). 

2.2. Overview of Agriculture in Namibia 

The majority of the people in Africa at large and Namibia in particular acquire their 

livelihood directly or indirectly from agriculture. Agriculture accounted for about 30 

percent on average of the gross domestic product (GDP) for Africa as a whole during 

1990 to 1997 (Odada, et al 2002). Despite the fact that most African governments 

have affirmed agriculture as the basic engine to foster economic growth, it is 

unfortunate that those pronouncements often lack clear economic policy support or 

guidance. A review of the agricultural sector during the last decade revealed that the 

region has been facing perpetual staple food deficit, and that most African states are 

net staple food importers. This affects the trade balance and the overall balance of 

payments in most African states adversely. It also deprives most of the states the 

scarce foreign exchange which could be better spent on the provision of essential 

services such as health and education (Mushendami, Biwa, & Gaomab II, 2008). 
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These problems which are experienced by most African states are also pertinent to 

Namibia. 

Namibia is characterised by a dualistic agricultural sector, where a strong 

commercial sector exists along with a sector comprised of households in freehold or 

non-freehold areas, (Phololo 2001). This dualistic character of the sector has been 

inherited from the apartheid regime, where the minority of the population obtained 

most of the land, and with the assistance of the state, turned it into viable commercial 

land (Moorsom, 1985; Elkan et al, 1992; Kirsten and Van Zyl, 1998; Phololo, 2001). 

The minority farmers were then given subsidies for settlement, wells, dams, breeding 

stock and loans (Mushendami, Biwa, & Gaomab II, 2008). Extensive stock farming 

has been the most dominant activity, and beef production, the major product in the 

North. Karakul sheep farming was the second most important agricultural product 

and the major activity in the South. The Karakul is well known for its world class 

pelts, and is marketed in industrialised countries, while beef is primarily marketed in 

South Africa and the European Union. It should also be pointed out that almost two-

thirds of the agricultural output is accounted for by commercial agriculture, which is 

over whelming cattle farming. 

Of great concern however, is the fact that the share of the agricultural sector to GDP 

in Namibia has averaged at 11.7 percent for the period 1990 to 1997 (Mushendami, 

Biwa, & Gaomab II, 2008). This is lower than the average for the Sub-Saharan 

Africa (SSA), which stood at an average of 30.0 percent during the corresponding 

period (Odada et al 2002). Moreover, the share of the agricultural sector in Namibia 

has deteriorated from 6.9 percent in 1999 to 5.4 percent in 2003 (Mushendami, Biwa, 
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& Gaomab II, 2008). According to Odada, 2002, the deteriorating share of the 

agricultural sector could be ascribed to the expansion of other sectors such as mining, 

and services, while the low share of agriculture as a percentage of GDP could be 

explained by climatic and soil conditions, which are less suitable for agricultural 

production. 

At Independence, the Namibian Government accorded special attention to the 

development of the agricultural sector. In this regard a number of policy 

interventions and programmes were embarked upon in order to enhance the output of 

the sector. These initiatives include the Affirmative Action Loan Scheme (AALS), 

the National Agricultural Credit Programme (NACP), the Green Scheme, and a ban 

on export of live animals to South Africa (Mushendami, Biwa, & Gaomab II, 2008). 

According to Mushendami, Biwa, & Gaomab II (2008), the agricultural sector 

sustains about 70 percent of the Namibian population. The sector is also a major 

earner of foreign exchange for the economy. Accordingly, the agricultural sector 

accounted for 11.5 percent of the country’s total foreign exchange earnings during 

2004. Furthermore, the agricultural sector contributed 39 percent to the country’s 

total maize requirements, 12 percent to the domestic consumption of wheat and 100 

percent of total consumption of beef, mutton and millet in 2004. Agriculture 

continues to supports other sectors such as transport, manufacturing, plastic 

packaging. For example in 2004, agriculture contributed about 2 percent to the total 

manufacturing output of Namibia (Mushendami, Biwa, & Gaomab II, 2008). 

Against this back ground, the importance of the agricultural sector within the 

Namibian economy, cannot therefore, be overemphasised. The agricultural sector 



10 
 

remains critical to the overall objectives of increasing the output of the economy as 

well as the alleviation of poverty. 

The agricultural sector in Namibia can be categorised into two main areas namely, 

livestock farming and crop farming. Livestock farming constitutes a significant 

portion of the Namibian agricultural output (Mushendami, Biwa, & Gaomab II, 

2008). According to the BON report for 2004, agriculture contributed about 70 

percent of the total output of the sector in 1995 before easing to only 59 percent in 

2004. Crop farming which accounted for only 8 percent of the total output of the 

sector in 1995, more than doubled, reaching 17 percent in 2004. Despite, the 

observed significant growth of crop farming, livestock farming continues to 

dominate the total agricultural output.  

Johnson & Mellor  (1961) offer five ways in which the agricultural sector contributes 

to the overall economic growth: Meeting the food demands of a wealthy and growing 

urban population; increased agriculture exports as a means of earning foreign 

exchange; providing labour for the expanding sectors of the economy; providing 

capital for investment in the growing industrial sectors of the economy, and 

increased cash incomes in the rural sector which serves to increase demand for the 

products of the industrial sector. 

2.2.1. Livestock Farming 

Livestock farming in Namibia comprises cattle, sheep, goats and pigs. In terms of 

output, beef production is the major livestock farming activity in Namibia followed 

by mutton/lamb, goat and pork. Beef is predominantly produced in central regions of 
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Otjozondjupa, Omaheke, and Kunene, while mutton and lamb is produced in the arid 

regions of Hardap, Karas and Erongo (BON, 2004). 

2.2.1.1. Beef 

The major beef producing areas in Namibia lie in the north and east central regions. 

Beef is produced both in the commercial and communal areas. Within the communal 

areas however, production remains constrained by the lack of land tenure which has 

resulted to over-grazing. This situation has been aggravated by the tendency of large 

farmers fencing off significant portions of land thus leaving small farmers with little 

grazing land (BON, 2004). The commercial sector on the other hand is highly capital 

intensive and has a high usage of fattening products. 

Some of the most common problems hampering cattle farming are: Bush 

encroachment, poor selection of breeds, the low bull to cow ratio, foot and mouth 

disease climate and uncertainties emanating from the land reform process. Other 

constraints include the inactive involvement of the Ministry of Agriculture, Water 

and Forestry in extension work, the exchange rate volatility, and availability of 

slaughter able cattle, meat quality and marketing channels. 

The appreciation of the domestic currency has adverse effects in terms of reducing 

the revenue of farmers. Moreover, there is a requirement that for cattle from the 

northern communal areas (NCA) to enter the South African market, they must be 

kept in quarantine farms for 21 days. A problem associated with this arrangement is 

that these cattle often lose weight in these camps as a result of insufficient feeding 

lots, thus leading to low prices obtained on these animals and subsequently 

discouraging farmers from marketing more of their cattle. 
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2.2.1.2. Small stock (sheep and goats) 

Small stock production is the key agricultural activity in the arid southern parts of 

Namibia. According to the Agricultural census of 2004, sheep accounted for about 

57 percent of the total production of small stock in Namibia, while goats accounted 

for the remaining 43 percent (BON, 2004). When disaggregated according to breed 

types, the Dorper sheep is the principal breed which accounted for about 36 percent 

of the total production of the small stock, followed by the Boar goat with 21 percent. 

The Karakul sheep, accounted for only 4.4 percent, while the remaining 38.6 percent 

was accounted for by other sheep and goats. The Dorper is well known for the 

production of meat while the Karakul sheep is bred primarily for pelts. The 

Marketing of small stock registered a decrease of 11.2 percent from 1,183,398 in 

1995, to 1,050, 297 in 2005. 

Similar to beef, sheep farming, more particularly the Karakul is constrained by low 

supply. This situation is aggravated by the lack of resources to purchase breeding 

stock as well as the land reform uncertainties. In this regard, the Karakul Board, in 

association with Agra, the society of the Karakul breeders and the Ministry of 

Agriculture, Water and Forestry has considered a number of key projects to increase 

the production of Karakul. These include among others the ram project, the Kunene 

South project and training. The ram project is aimed at reviving the breeding of 

Karakul sheep in the communal areas. 

On the part of goats, available statistics show that a significant number of goats are 

produced in rural Namibia, which accounted for about 73 percent of the total 

production of goats in 2004. One of the problems cited which affects the marketing 

of goats, is the non-existence of a market for goat meat cuts. Accordingly, about 90 
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percent of goats are often sold on hoof to South Africa. A potential market for goat 

meat has recently opened in the USA. Namibia should therefore strategize to enter 

this market (Mushendami, Biwa, & Gaomab II, 2008). 

2.2.2. Crop farming  

Pearl Millet, commonly known as “Mahangu”, is the major crop cultivated in 

Namibia, followed by white maize and wheat. To substantiate this point, about 96, 

370 tons of Mahangu were produced in 2004 compared with only 55,597 tons of 

maize in the same year. Other crops cultivated in Namibia include grapes, dates and 

horticultural crops (MAWF, 2005). 

2.2.2.1. White maize  

White maize is the major commercial crop produced in Namibia and its harvesting 

fluctuates with the rainfall conditions. Maize is planted either under dry land, 

irrigation based methods or both (Namibian Agronomic Board Annual reports, 

2004). Dry-land white maize is mainly produced in the maize triangle situated 

between Grootfontein, Otavi and Tsumeb, Omaheke, and the Caprivi Region. 

Irrigation based maize production on the other hand is cultivated at the Hardap 

irrigation scheme, the Naute Project, Etunda, the Katima Farm, Musese, Shitemo, 

Shadikongolo and Mashare. An increasing amount of white maize under irrigation is 

also produced at Stampriet, Tsumeb, Grootfontein, Kombat and Otavi areas. Namibia 

depends on the import of maize particularly from South Africa for consumption 

purposes.  
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2.2.2.2. Wheat  

Wheat is planted under irrigation in winter (June/July) for harvesting during 

November/early December of each year. Similar to white maize, wheat is produced 

at the Naute project, the Hardap irrigation project, the Shadikongolo and in small 

quantities in the Otavi and Kombat areas. Wheat marketed in Namibia increased 

significantly by 89 percent from 6,000 tonnes in 1994/95 to 11,340 tonnes in 2004/05 

(Namibian Agronomic Board Annual reports, 2004). Namibia is far from self-

sufficient in terms of wheat production and depends heavily on imports to meet its 

consumption demand. 

2.2.2.3. Mahangu 

Mahangu is cultivated primarily in the North Central Regions (NCRs), Kavango and 

Caprivi and it is the leading crop grown in Namibia. The total production of 

Mahangu increased drastically by 64 percent from 34,629 tonnes in 1996 to 96,370 

tonnes in 2004 (Namibian Agronomic Board Annual reports, 2004).Contrary to 

wheat and maize, Mahangu is mostly utilized for domestic consumption only. 

Traditionally, Mahangu has been viewed as a crop utilised mainly as household food, 

in addition to supporting needy neighbours or friends. 

According to the Namibian Agronomic Board Annual reports (2004), In the Northern 

regions, the lack of infrastructure and the existence of long distances between towns 

and millers were identified as problems affecting the trade of Mahangu. These 

problems were further exacerbated by the lack of technical and maintenance skills of 

millers as well as the lack of storage facilities. Available information indicates that 

the Government has envisaged setting up a Mahangu storage facility in the northern 

communal areas beginning with a pilot project in the Caprivi. Unlike wheat and 
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maize, Mahangu grains have not been imported from other countries. A possible 

source of imports in times of drought and scarcity of Mahangu is Angola. The 

constraint is however, the 25 percent import duty requirement. This import duty 

makes the imports rather expensive and thus stifles trade. 

2.3. Taxonomy and ecology of A. karroo  

A. karroo, also known as the sweet thorn, is the most extensively distributed and 

abundantly available Acacia species in Southern Africa with a mean density of 

between 400 and 800 plants/ha (O’Connor, 1995). The sweet thorn belongs to the 

subgenus Acacia with mainly polyploid species with thorns and capitate 

inflorescences (Pooley, 1998). The plant occupies a diverse range of habitats and is 

regarded as a variable polymorphic species. Some of the more distinct ecotypes were 

mentioned by Ross (1979) and are now recognised as separate species (Coates 

Palgrave, 2002). A. karroo is propagated from seeds and is generally a fast growing, 

small to medium sized thorn tree (van Wyk et al., 2000). It is deciduous, but may be 

almost evergreen under favourable conditions (Pooley, 1998). The tree usually has 

some leaves on the branches at all times of the year, even during periods of drought 

(Barnes et al., 1996). It is adapted from sea level to 1800m on soils ranging from 

sand to heavy clays, in areas with an annual rainfall lower than 200mm to as high as 

1500mm (Pooley, 1998). The tree also grows on acidic infertile soils with large 

temperature variations (Barnes et al., 1996). The plant has a long taproot which 

enables it to use water and nutrients from deep within the soil profile (van Wyk et al., 

2000). A. karroo is capable of withstanding intense and frequent defoliations (Teague 

and Walker, 1988). These positive attributes offer added advantages for its use as a 

sustainable protein supplement for goats in dry areas. 
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Despite the positive adaptation characteristics, if an area is disturbed or over or 

under-utilised, A. karroo becomes invasive (O’Connor, 1995; Smet and Ward, 2005). 

It has been labelled as one of the dominant woody species that exacerbates the 

problem of bush encroachment in Southern Africa (Nyamukanza and Scogings, 

2008). Research has evaluated use of various options for controlling its 

encroachment. These include use of chemical treatments (Smit et al., 1999). 

Although efficient, these technologies are not economically viable. Use of browsers 

such as goats, especially in tandem with fire or lopping is effective in controlling A. 

karroo invasiveness (Smit et al., 1999; Nyamukanza and Scogings, 2008). Such an 

approach is, however, not applicable in rural areas where there are no fences, grass 

fuel loads are low, and rangelands are communally owned. 

Effective control of A. karroo in communal areas should involve simple and low cost 

techniques such as lopping using homemade tools. Leaves from the lopped trees can 

be harvested and utilised as livestock feed while branches and tree trunks can be used 

for fencing, firewood, or brush packing in eroded areas. Pods can be ground to 

enhance protein availability for livestock and reduce the number of intact seeds 

passing through the animal leading to reduced seedling emergence (Mlambo et al., 

2004). Lopping and collection of A. karroo leaves and seeds for livestock feeding 

might simultaneously reduce bush encroachment and improve rangeland and animal 

productivity in Southern Africa.  

2.4. Feasibility of utilising A. karroo leaves for smallholder livestock production 

A. karroo leaf meal contains between 100 and 160 g crude protein (CP) per kg of 

dietary dry matter (DM) (Aganga et al., 2000; Halimani et al., 2005).  One 2.0m tall 

tree can produce up to 1 kg of leaf meal per annum. The recommended optimum 
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plant density for A. karroo ranges between 500 and 1000 plants/ha (O’Connor, 1995; 

Barnes et al., 1996), which translates to a leaf meal biomass yield of 1000 

kg/ha/annum. Since A. karroo is adapted and widely distributed in dry areas, easily 

propagated from seed (Scogings and Mopipi, 2008), has high growth rates and 

coppicing ability (Barnes et al., 1996), it is possible to get sufficient and continuous 

supply of leaf meal for sustainable beef production in semiarid areas. 

2.5. Nutritive value of A. karroo leaves 

2.5.1. Chemical composition and digestibility 

In Southern Africa, Acacia species such as A. karroo have been reported to be a 

valuable source of forage for herbivores, particularly during dry periods (Aganga et 

al., 2000; Dube, 2000; Tefera et al., 2008). A. karroo leaves contain high levels of 

CP (154.0 g/kg DM)) and essential amino acids (Ngwa et al., 2002; Halimani, 2002). 

The CP levels for A. karroo leaves compare favourably with values for other 

indigenous Acacia species (Aganga et al., 2000; Abdulrazak et al., 2000; Ngwa et al., 

2002; Mokoboki et al., 2005). More importantly, the CP values for A. karroo are 

within the optimal range of 110–160 g CP/kg DM required for finishing steers 

(National Research Council, 2000; Gleghorn et al., 2004). This makes A. karroo a 

potentially important CP supplement for cattle grazing low quality forages. 

A. karroo leaves have moderate levels of detergent fibres (table 2.1). Fibre contents 

for A. karroo are consistent with what has been reported in other work with Acacia 

(Topps, 1997; Maasdorp et al., 1999; Abdulrazak et al., 2000). Given that A. karroo 

has a high CP content and moderate levels of detergent fibres, the relatively low CP 

digestibility values (i.e., 300–400 g/kg DM) might be ascribed to the presence of 

phenolic compounds (Rubanza et al., 2005b; Tefera et al., 2008). 
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Table 2.1: Nutritive value (g/kg dry matter) of Acacia karroo leaves 

 Mean  SD 

Dry matter (DM) 922.0 22.51 

Crude protein 154.0 46.00 

 NDF 450.0 150.01 

ADF 300.0 100.10 

Fat  20 2.11 

In vitro DM 

degradability 

462.5 2.51 

Organic Matter (OM) 

degradability 

439.0 11.03 

Apparent digestibility 

coefficient of DM 

520.0 130.21 

Apparent digestibility 

coefficient of CP 

350.0 50.31 

Apparent digestibility 

coefficient of NDF 

435.0 

 

105.12 

Apparent digestibility 

coefficient of ADF 

350.0 50.22 

Total phenolics 25.7 5.63 

Sources: Aganga et al. (1998, 2000), Dube et al. (2001), Kahiya et al. (2003), Ngwa 

et al. (2002), Halimani (2002), Halimani et al. (2005), Mokoboki et al. (2005), 

Nyamukanza and Scogings (2008), Scogings and Mopipi (2008), Mapiye (2009) and 

Mapiye et al. (2009b). 
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Table 2.2: Mineral (g/kg DM) and fatty acid (g fatty acid/kg DM) profiles of A. 

karroo leaves. 

 Mean  SD 

K 1.4 0.45 

Ca 27.4 10.35 

P 1.5 0.35 

Mg   3.6 0.35 

Fe (mg/kg) 237.5 98.51 

Lauric acid 11.5 1.07 

Myristic acid 38.5 0.38 

Palmitic acid 287.4 0.191 

Stearic acid 91.6 1.07 

Oleic acid 58.0 0.95 

Linoleic acid 169.4 1.59 

α-Linolenic acid 343.6 0.61 

 SFA 429.1 2.32 

MUFA 58.6 1.11 

PUFA 512.9 2.16 

Sources: Aganga et al. (2000), Ngwa et al. (2002), Mapiye (2009) and Mapiye et al. 

(2009b,c, in press). 
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A. karroo has a favourable mineral profile (Table 2.2). Its values for Ca, P and Mg 

are relatively higher than those of related Acacias such as A. tortilis and Acacia 

nilotica (Aganga et al., 1998; Abdulrazak et al., 2000; Ngwa et al., 2002; Tefera et 

al.,2008). Calcium,Mg, Fe and Zn values in Table 2.2 are above the recommended 

levels for beef cattle (National Research Council, 2000). Concentrations of Ca and 

Mg in A. karroo foliage peak in the dry periods (Barnes et al., 1996). The plant also 

has higher proportions of desirable fatty acids such as α-linolenic acid (ALA; Table 

2) compared to other Acacias (Vijayakumari et al., 1994).  For ruminants, fatty acids 

in meat are linearly related to the presence of some of their precursors in the diet 

(Frenchet al., 2000). Use of A. karroo as a supplement might, therefore, increase the 

proportions of desirable fatty acids in beef. 

Variation in the nutrient content of A. karroo leaves in Tables 2.1 and 2.2 can be 

attributed to differences in populations, soil, climate, season, stage of growth, 

browsing pressure, assay methods and presence of secondary compounds (Aganga et 

al., 2000; Rubanza et al., 2005b). Overall, the nutritive value of A. karroo leaves is 

high in young plants in the growing season and increases with soil fertility (Aganga 

et al., 2000; Scogings and Mopipi, 2008). A. karroo is a promising CP supplement 

provided that the adverse effects of anti-quality factors, particularly thorns and 

tannins are reduced. 

2.6 Anti-quality factors and strategies for overcoming their detrimental effects 

2.6.1. Thorns 

Thorns restrict leaf accessibility and retard rate of nutrient ingestion by restricting 

bite size of browsers (Cooper and Owen-Smith, 1986; Teague, 1989; Belovsky et al., 

1991). According to Wilson and Kerley (2003), removal of thorns from A. karroo 
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branches increases bite sizes and feed intake rates. Removal of thorns is however, not 

a feasible alternative, especially when feeding medium to large herds. It is 

worthwhile to develop a more practical and low cost strategy of collecting leaves for 

feeding such herds. 

Recent work by Mapiye et al. (2009b, 2010b) has shown that relatively large 

quantities of A. karroo leaf meal can be conveniently harvested by selectively cutting 

small trees (i.e., 1.5–2.0m tall) or branches with an axe, handsaw, chainsaw, or diesel 

powered saw. The lopped branches are then stacked up to 1.5m high on polythene 

sheets of manageable size placed in the rangeland. Cutting should be between 15 and 

30cm above the ground at a slanting angle to prevent rotting of the stump and 

promote coppicing (Dzowela et al., 1995). The leaves are left to dry in the sun for 2–

4 days to reach a DM content of between 0.8 and 0.85 (Srivastava & Sharma, 1998). 

After drying leaves are collected from the polythene sheets by shaking them off the 

branches. To minimise moisture spoilage of leaves, harvesting should be in the post 

rainy season. 

Dried leaves are then sieved through a 2–4mm sieve to separate them from thorns, 

twigs and exploded pods, which can inhibit intake (Kaitho et al., 1997; Maasdorp et 

al., 1999). During harvesting, protective clothing such as thorn-proof work suits and 

gloves, goggles, helmets, and safety shoes should be worn for protection against 

thorns (Mapiye, 2009). 

Collected leaf meal can be bagged and stored in well ventilated shade or storeroom 

until fed. The effect of duration of leaf meal storage prior to feeding on nutritive 

value is not known and deserves investigation. Tannin concentrations, for example, 

have been reported to decrease with storage duration, leading to improved DM 
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degradability of the browse tree leaves (Makkar and Singh, 1993). Even though leaf 

meal harvesting is a labour intensive process, it is inexpensive and has potential to 

create employment opportunities for rural dwellers. However, the search for less 

laborious leaf meal harvesting technologies is essential. Besides thorns, phenolics 

also deter herbivory of A. karroo leaves. 

2.6.2. Phenolic compounds 

Sweet thorn contains high levels of extracted condensed tannins (i.e., 55–110 g 

extracted condenses tannin/kg DM; Dube et al., 2001; Mokoboki et al., 2005) 

compared to the range of 20–80 g/kg DM considered beneficial to ruminants 

(Mueller-Harvey, 2006). Abdulrazak et al. (2000) and Rubanza et al. (2005a) also 

reported high and variant contents of phenolics in other indigenous Acacias. The 

large variation of A. karroo’s phenolic compounds could be a result of differences in 

ecotypes, seasons, ecological zone, soil type, age of the plant and nature of the assays 

used (Mueller-Harvey, 2006; McSweeney et al., 2008). The concentration of 

phenolic compounds is highest in leaves of old plants during the dry season, 

especially in soils of low fertility (Scogings & Mopipi, 2008). 

Condensed tannins in A. karroo have been implicated in increasing faecal N and 

negative N retention in goats (Dube & Ndlovu, 1995). There are few reports on the 

effects of condensed tannins in A. karroo on digestibility and animal performance. 

Overall, effects of condensed tannins on digestibility and utilisation of feeds depend 

on tannin concentration, structure and chemical nature, the nature of tannin activity, 

structure–activity relationships, and biological activity (Schofield et al., 2001; 

Mueller-Harvey, 2006; McSweeney et al., 2008). Hence, parameters such as 

molecular weight and solubility of tannins in water versus organic solvents have 
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become more important than simply tannin concentration (Mueller-Harvey et al., 

2007). For A. karroo, little is however known about such parameters and, thus, they 

merit research. To improve utilisation of A. karroo leaves as a CP supplement, 

development of novel, simple and cost-effective detanninification approaches is also 

crucial.  

Several methods have been used to alleviate deleterious effects of tannins in browse 

trees. Among these are use of alkalis (e.g. urea, ammonia, calcium hydroxide, 

sodium hydroxide, potassium hydroxide; Makkar and Singh, 1993; Vitti et al., 2005), 

chelating metal ions (Price et al., 1979), and oxidising agents (e.g. potassium 

dichromate, potassium permanganate; Makkar and Singh, 1993; Makkar, 2003). 

Despite being effective for overcoming acute toxic effects of tannins (Mueller-

Harvey, 2006), alkalis, metal ions and oxidising agents require expertise, result in 

large losses of soluble nutrients and are corrosive (Vitti et al., 2005). Moreover, if 

mismanaged, they can be poisonous to people and animals and are not 

environmentally friendly (Ben Salem et al., 2005; Vitti et al., 2005). Wood ash and 

charcoal are inexpensive and locally available sources of alkali (Makkar, 2003; Ben 

Salem et al., 2005), but may not be available in large quantities for sustainable 

utilisation in low input production systems. Evaluating the capacity of A. karroo 

wood ash to de-activate tannins and improve the protein value of its leaves might 

enhance its adoption as an animal feed. Tannin binding compounds such as 

polyethylene glycol and polyvinyl-pyrrolidone (Priolo et al., 2005; Mlambo et al., 

2007). 
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Although effective, the limited availability and high cost of microbial enzymes and 

tannin binding compounds makes their application impractical and unprofitable 

under low input cattle production systems (Makkar, 2003; Ben Salem et al., 2005). 

Oven, freeze, and sun air drying techniques have also been used to lessen the adverse 

effects of phenolics in browse legumes (Dzowela et al., 1995; Stewart et al., 2000; 

Vitti et al., 2005). Oven and freeze drying methods require expertise, sophisticated 

equipment and electricity (Ahn et al., 1997; Stewart et al., 2000), which may not be 

available in rural communities in Southern Africa. Though less effective compared to 

other methods, sun air drying is a simple, inexpensive and sustainable technique that 

makes use of readily and abundantly available resources (Dzowela et al., 1995). Sun 

air drying could, therefore, be a more acceptable and feasible alternative for resource 

poor beef producers. 

2.7. Acacia karroo as a supplement for goats 

2.7.1. Browse trees to grass species preference by goats 

Goats are browsers, choosy and sensitive to the kind of feed they take. They select 

for leaves and tender stems and can refuse up to 50% of feed offered (Rangoma, 

2011). Their small mouth, narrow muzzle and split upper lips enable them to pick 

small leaves, flowers, fruits and other plant parts, thus choosing only the most 

nutritious available feed (Aganga, Tsopito, & Adogla-Bessa, 1998). As natural 

browsers, given the opportunity, goats will select over 60 percent of their daily diet 

from brush and woody perennials over herbaceous species (Provenza, 1995). The 

ability to utilize browse species, which often have thorns and an upright growth habit 
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with small leaves tucked among woody stems, is a unique characteristic of the goat, 

compared to heavier, less agile ruminants. 

Although goats have definite plant preferences, they show high variability in feeding 

habits in different ecological zones as well as seasonal variation within the same 

region (McCammon-Feldman et al., 1981). On average, goats select about 60% 

shrubs, 30% grass, and 10% forbs on a year-long basis. Similar results  were found at 

Fort Hare with Boer goats on False Thornveld of the Eastern Cape which spent on 

average 61 % and 39 % of their active feeding time browsing and grazing (grass and 

forbs), respectively (Raats et al., 1996). 

In a recent study (Grova and Bjelland, 1997) conducted on rested False Thornveld 

during Winter, goats were found to spent 2½ times as much browsing than grazing 

when forage was abundant but this ratio was reversed when forage became limited. 

Table 2.3: Effect of season on goat browse to grass consumption 

Month  Shrubs (%)  Forbs (%)  Grasses (%)  

Summer  84  11  5  

Winter  79  13  8  

Annual means  82  11  7  

Adapted from Ramirez (1999) 

According to Ramirez (1999), grasses represented the group of plants that were less 

consumed by goats (Table 2.1) throughout the year. In winter, goats select the 
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highest amount of grasses, probably because of the growth of grasses during this 

period. Papachristou and Nastis (1993) experimentally demonstrated that goats 

exhibit very rapid seasonal shifts between shrubs, grasses and forbs, depending on 

their availability and their seasonal nutritive value. Similar results on the preference 

of grass to browse species were also reported in earlier studies (Pfister & Malechek, 

1986). 

The ability of ruminants to select feed depends greatly on past experience, as familiar 

feed is always preferred to new feed. Goat preference for shrubby species is also 

affected by the abundance of shrubby species in particular zones and accessibility (le 

Houerou, 1980). Goats rely on browse species, which do not decline in quality to the 

same degree as herbaceous species (Sanon et al., 2007), to supplement the protein, 

minerals and vitamins in their diet (le Houerou, 1980). The nutritive value of browse 

species is known to be high, with lower variation over time, when compared to 

grasses (Fadel Elseed et al., 2002). 

2.7.2. Intake of browse plants (Acacia karroo) by goats 

Goats prefer the leaves and twigs of trees containing condensed tannins (CT) and 

digest them better than other forage eating ruminants (Villena & Pfister, 1990; Lee, 

Lee, Lee, 1990; Silanikove, 2000). Goats are primarily browsers, and in most areas 

browse constitutes 60-80% of goat diets (Kababya, 1995). They are able to consume 

larger amounts of tannin-rich browse than sheep under similar conditions (Gilboa, 

Nir, Nitsan, Silanikove, & Perevolotsky, 1995; Silanikove, Gilboa, Perevolotsky, & 

Nitsan, 1996). They inevitably select the leaves in preference to the stems, as leaves 

have much higher concentration of CT. 
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The voluntary intake and leaf selection of tannin plants such as A. karroo is, 

however, highly disturbed by the presence of thorns (Mapiye, Chimonyo, Marufu, & 

Dzama, 2011), which restrict the accessibility of the leaves and phenolic compounds 

(Teague, 1989). Reduced intake, degradability and nutrient availability (Mokoboki et 

al., 2005), as well as the intestinal absorption of proteins and carbohydrates (Giner-

Chavez, 1996) are associated with the phenol compounds present in tanniferous 

plants. 

Robbins et al. (1987); Silanikove, Nitsan, and Perevolotsky (1994); Silanikove et al. 

(1996) established a relationship between the intake of a high level of tannin forage 

plants, palatability, digestibility and nitrogen (N) retention in small ruminants. 

Unfortunately; the relationship that was found produced negative effects of tannins in 

ruminants as it resulted in reduced feed intake, palatability, low rate of evacuation of 

digesta out of the rumen and toxic effects (Kumar & Singh, 1984; Provenza, 1995). 

Tannins increase the-N-content of faeces and decrease urinary N output (Waghorn & 

McNabb, 2003). The low intake of ad libitum browse containing tannins by goats can 

further be improved by the provision of polyethylene glycol (PEG) (Waghorn, 2008). 

Villalba, Provenza, and Banner (2002) reported that access to PEG resulted in an 

increased intake of a pelleted tanniferous diet by sheep and goats. Recently, the use 

of PEG to diminish the negative effects of condensed tannins offers good potential to 

improve goat production (Waghorn, 2008). 

Condensed tannins are secondary plant compounds generally regarded as toxic to 

animals when consumed in large amounts (Rojas et al., 2006). Normally, animals 

consuming tannin-rich feeds appear to develop defensive mechanisms against tannins 
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(Makkar, 2003) given that, under very high levels of tannin intake by animals, the 

tannin compounds might negatively affect protein utilization (Pell, Mackie, Mueller-

Harvey, & Ndlovu, 2001). However, they can produce toxicity and can even cause 

death (Garg et al., 1992). Animals in tropical and dry environments are more prone 

to this, since trees and shrubs are an important source of fodder for livestock (Topps, 

1992) though they tend to contain higher amounts of tannin than temperate plants 

(Rojas et al., 2006). Niezen, Waghorn, Raufaut, Robertson, and McFarlane (1994) 

reported that levels of condensed tannins vary between different plant species. 

2.7.3. Nutritive value of browse plants and the beneficial effect on goats  

According to Mandal (1997), nutritive value is a function of feed intake (FI) and the 

efficiency of extraction of nutrients from the feed during digestion. Fodder trees and 

shrubs represent an enormous potential source of protein for ruminants in the tropics 

(Ngongoni, Mapiye, Mwale, & Mupeta, 2007). Some of these species are highly 

digestible, providing nutrients to rumen microorganisms (Umunna, Nsahlai, & Osuji, 

1995) and can increase voluntary intake. The main features of browse plants are their 

high crude protein (CP) (100–250 g/kg DM) and mineral contents (Mokoboki et al., 

2005; Devendra & Sevilla, 2002), however they have antihelmintic properties 

(Xhomfulana, Mapiye, Chimonyo, & Marufu, 2009) and a high content of secondary 

plant metabolites (Monforte-Briceño, Sandoval-Castro, Ramírez-Avilés, & Capetillo, 

2005). 

The Acacia species are reported to be a valuable source of forage for ruminants 

where feed quality is a production constraint (Goodchild & McMeniman, 1994). This 

could be attributed to the fact that the Acacia species can easily meet nutrient 
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requirements, mainly proteins (Aganga, Tsopito, & Adogla-Bessa, 1998; Kahiya, 

Mukaratirwa, & Thamsborg, 2003; Mokoboki et al., 2005) and minerals (Aganga et 

al., 1998; Mokoboki et al., 2005) relative to other palatable indigenous plants without 

condensed tannins. 

According to Rubanza, Shem, Otsyina, and Fujihara (2005), the concentration of 

crude protein in leaves of the majority of fodder trees and shrubs is above 10% even 

in the dry season when it tends to decrease. Generally, calcium and potassium 

contents are higher than other minerals. The role of trees and shrubs in the supply of 

vitamins is indirectly demonstrated by the fact that browsers such as goats contract 

photophobia, which many large ruminants such as cattle are prone to during the dry 

season. In ruminants dietary condensed tannins (2–3%) have been shown to impart 

beneficial effects (Hoste, Jackson, Athanasiadou, Thamsborg, & Hoskin, 2006) that 

are associated with their anthelminthic properties and anti-oxidant effects (Saura-

Calixto, Serrano, & Goñi, 2007). The dietary tannins reduce the wasteful protein 

degradation in the rumen by the formation of a protein-tannin complex (Barry, 1987; 

Min & Hart, 2003). 

Tannin plants such as A. karroo improve the nutritional status, growth performance 

and carcass traits (Mapiye et al., 2009), and reduces nematode burdens (Niezen et al., 

1998; Xhomfulana et al., 2009) in ruminants. Tannin plants affect the biology of the 

H. contortus especial in larval stage three. In that way, it controls the parasitic 

populations (Niezen et al., 1998). 

 



30 
 

2.7.4. Nutritive value of browse plants and beneficial effect on meat quality of 

goats 

According to Mandal (1997), nutritive value is a function of feed intake (FI) and the 

efficiency of extraction of nutrients from the feed during digestion. Fodder trees and 

shrubs represent an enormous potential source of protein for ruminants in the tropics 

(Ngongoni, Mapiye, Mwale, & Mupeta, 2007). Some of these species are highly 

digestible, providing nutrients to rumen microorganisms (Umunna, Nsahlai, & Osuji, 

1995) and can increase voluntary intake. The main features of browse plants are their 

high crude protein (CP) (100–250 g/kg DM) and mineral contents (Mokoboki et al., 

2005; Devendra & Sevilla, 2002), however they have antihelmintic properties 

(Xhomfulana, Mapiye, Chimonyo, & Marufu, 2009) and a high content of secondary 

plant metabolites (Monforte-Briceño, Sandoval-Castro, Ramírez-Avilés, & Capetillo, 

2005). 

The Acacia species are reported to be a valuable source of forage for ruminants 

where feed quality is a production constraint (Goodchild & McMeniman, 1994). This 

could be attributed to the fact that the Acacia species can easily meet nutrient 

requirements, mainly proteins (Aganga, Tsopito, & Adogla-Bessa, 1998; Kahiya, 

Mukaratirwa, & Thamsborg, 2003; Mokoboki et al., 2005) and minerals (Aganga et 

al., 1998; Mokoboki et al., 2005) relative to other palatable indigenous plants 

without condensed tannins.  

According to Rubanza, Shem, Otsyina, and Fujihara (2005), the concentration of 

crude protein in leaves of the majority of fodder trees and shrubs is above 10% even 

in the dry season when it tends to decrease. Generally, calcium and potassium 
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contents are higher than other minerals. The role of trees and shrubs in the supply of 

vitamins is indirectly demonstrated by the fact that browsers such as goats contract 

photophobia, which many large ruminants such as cattle are prone to during the dry 

season. In ruminants dietary condensed tannins (2–3%) have been shown to impart 

beneficial effects (Hoste, Jackson, Athanasiadou, Thamsborg, & Hoskin, 2006) that 

are associated with their anthelminthic properties and anti-oxidant effects (Saura-

Calixto, Serrano, & Goñi, 2007). The dietary tannins reduce the wasteful protein 

degradation in the rumen by the formation of a protein-tannin complex (Barry, 1987; 

Min & Hart, 2003).  

The complex appears to dissociate post-ruminally at a low pH where, apparently, the 

protein becomes available for digestion (Cossalter, 1986). However, free condensed 

tannins would probably be available to form a complex with digestive enzymes such 

as pepsin and also with the protein of gut wall. In addition, tannin plants such as A. 

karroo improve the nutritional status, growth performance and carcass traits (Mapiye 

et al., 2009), and reduces nematode burdens (Niezen et al., 1998; Xhomfulana et al., 

2009) in ruminants. Tannin plants affect the biology of the H. contortus especial in 

larval stage three. In that way, it controls the parasitic populations (Niezen et al., 

1998). 
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CHAPTER 3 

METHODOLOGY 

3.1. Site description and research materials 

The study was carried out at the University of Namibia’s Neudamm Campus, 30 km 

east of Windhoek. Neudamm Campus, lies between 22
0
 and 23.30

0
S and 15.30

0
 and 

18.30
0
E in the Highland savanna of Namibia. The activities on the farm are a 

combination of small stock (goats and sheep) and large stock (Beef and dairy) 

farming, as well as poultry, pig and game production. The area receives an annual 

rainfall of about 3-50 to 400 mm (Mendelsohn et al., 2002). A. karroo leaves were 

collected from within Neudamm farm. A bush cutter was used to harvest A. karroo 

leaves, and the leaves were left to sun dry in the field placed on top of plastic sheets 

on the ground. Lucerne was purchased from Agra. The ram and ewe pellets were 

purchased from feed master. The saw dust was obtained from a local company and 

used as bedding throughout the experiment. Other equipment and consumables such 

as drinking troughs, feed pens and medication, were provided by the Neudamm farm 

management. Experimental diets were formulated on a computer and mixed 

manually. All of the ingredients used to formulate experimental diets were analysed 

for dry matter, crude protein, energy, crude fiber and ether extract according to the 

Official Methods of Analysis (AOAC, 2000). 

3.2. Animal Management  

On arrival the 3 months old Boer goats were given fresh water. The goats were kept 

in the same shed house and fed with a commercial feed for the first three weeks. The 

goats were vaccinated against pulpy kidney. Goats were also dosed with orange 
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straw bales (strooibale) against internal parasites. Goats on the same treatment were 

kept in one paddock. The goats on the supplementary diets were allowed 21 days to 

adapt to the experimental conditions. These goats were trained for 14 days during the 

adaptation period to feed from troughs. 

3.3. Research design  

Quantitative research was used whereby 16 goats were used in the experiment. The 

controls were goats fed with a commercial feed without A. karroo leaves supplement. 

The experiment were goats fed on A. karroo leaves at different levels 0%, 10%, 20% 

and 25% respectively while keeping all diets iso-nitrogenous and iso-energetic. The 

goats were assigned to the treatments using a completely randomised design (CRD) 

with a 2 (sex) x 4 (A. karroo inclusion level) factorial arrangements of treatments 

where initial weight was used as a co-variate. The weights of the goats due to same 

age and coming from the same flock were very close.  The goats were assigned to 

four treatments, each with two replications and each replication having two goats. 

Thus, a total of eighty pens were used. The experimental treatments were as follows: 

S1T0: Male Boer goats fed a diet without tanniniferous A. karroo leaf meal 

supplementation. 

S1T1: Male Boer goats fed a diet supplemented with 10% tanniferous A. karroo leaf 

meal per kg diet. 

S1T2: Male Boer goats fed a diet supplemented with 20% tanniferous A. karroo leaf 

meal per kg diet. 

S1T3: Male Boer goats fed a diet supplemented with 25% tanniferous A. karroo leaf 

meal per kg diet. 
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S2T1: Female Boer goats fed a diet without tanniferous A. karroo leaf meal 

supplementation. 

S2T2: Female Boer goats fed a diet supplemented with 10% tanniferous A. karroo 

leaf meal per kg diet. 

S2T3: Female Boer goats fed a diet supplemented with 20% tanniferous A. karroo 

leaf meal per kg diet. 

S2T4: Female Boer goats fed a diet supplemented with 25% tanniferous A. karroo 

leaf meal per kg diet. 

3.4. Population  

A total of 240 Boer goats at Neudamm Farm was the population. 

3.5. Sample 

Sixteen (16) Boers goats (three month old) were randomly selected. 

3.7. Procedures  

Goats were divided into four groups and each group was assigned to a specific diet 

with different levels of A. karroo leaves (0%, 10%, 20% and 25%) respectively. The 

0% tanniferous  A. karroo was the control in the experiment. Each treatment had four 

replicates. The feed intake of goats in each group was measured on a daily bases and 

weight measured weekly. 

3.8. Data analysis 

The data was subjected to analysis of variance using a model that had treatment as 

the main effect in SAS (2000). Treatment means were compared using Duncan’s 

multiple range test (Duncan, 1955). 
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3.9. Research Ethics  

This study took cognisance of animal welfare issues by ensuring that the people, 

animals and rangelands were not adversely affected in the process. The goats that 

were used in the research were placed in a shed house which was well spaced and 

enough ventilation. The building was also cleaned once per week. Feeds for goats 

was provided on a daily bases. Water was made available to goats at all the time. 

People that worked with goats wore safety clothes at the time while carrying out their 

duties. 
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CHAPTER 4 

RESULTS 

4.1. Chemical Composition of A. karroo  

The proximate analysis for A. karroo leaf meal is presented in Table 4.1.  

Table: 4.1. Chemical Composition of A. karroo 

Feed  CP 

(g/100g) 

CF 

(g/100g) 

Ash 

(g/100g) 

Fats 

(g/100g) 

Nitrogen  

(g/100g) 

Moisture  

(g/100g) 

DE 

Mj/kg 

ME 

Mj/kg 

A.karroo 10.2 16.1 8.0 5.4 1.64 7.2 12 

 

10 

A. Karroo= Acacia karroo 
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4.2. Nutrient composition of treatment diets 

Nutrient compositions of experimental finisher diets fed to Boer goats from week 3 

to week 8 are shown in Table 4.2: 

Table 4.2. Nutrient composition of experimental Boer goat finisher diet (3-8 

weeks) 

Nutrients Experimental Diets  

 T1 T2 T3 T4 

Crude Protein % 18.0 17.8 17.9 17.7 

Crude Fibre % 32.7 17.8 18.8 16.1 

Energy ME/MJ/Kg 11.7 12 11.9 12 

T1= Control diet; T2= 10% of Lucerne and pellets replaced with A. karroo; T3= 20% 

of Lucerne and pellets replaced with A. karroo; 25% of Lucerne and pellets replaced 

with A. karroo. 

The results of the effects of replacing Lucerne and pellets with A. karroo on feed 

intake (kg/goat/day), weight gain (kg/goat/day) and feed conversion ratio (FCR) 

(kg/feed/kg live weight gain) of Boer goats are presented in the tables 4.3 and 4.4 

below: 
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Table: 4.3. Effects of replacing Lucerne and pellets with A. karroo on feed 

intake (kg/goat/day), weight gain (kg/goat/day) and feed conversion ratio (FCR) 

(kg feed/kg live weight gain) of Boer goats 

Treatments  ADG VFI FCR 

T1 0.124 1.0100 8.145 

T2 0.113 1.0140 8.973 

T3 0.123 0.8867 7.209 

T4 0.161 1.1942 7.417 

Mean  0.130 1.026 7.892 

 

Where ADG= Average daily gain; VFI= Voluntary feed intake; FCR =Feed 

conversion ratio  

T1= Control diet; T2= 10% of Lucerne and pellets replaced with A. karroo; T3= 20% 

of Lucerne and pellets replaced with A. karroo; T4= 25% of Lucerne and pellets 

replaced with A. karroo. 

 

 

 

 

 

 

 

 



39 
 

 

4.3. Average Weight  

Table: 4.4 shows the average weights for week 5 

Treatments N Mean (kg) Std. Error   

Control 4 19.6643 2.03270 

10% AK 4 18.2714 1.69078 

20% AK 4 18.3143 1.63536 

25% AK 4 19.6286 0.38739 

Mean  16 18.9696 

 

0.74335 

 

The table above shows the weekly average body weight for the goats assigned in 

each treatment. Each treatment was assigned four goats, 2 males and 2 females. The 

weights are slightly varying from treatment to treatment. 
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The ANOVA test indicates that there is a significant difference in ADG between the 

control and treatment 2 and 3 (P<0.05). Treatment 4 (the 25% inclusion level) was 

not different from the positive control (P>0.05). Since the p-value is less than the 

significant level (0.05) we conclude that the means of the average body weights in 

each treatment are significantly different (P<0.05). The control and 25% A. Karroo 

depicted the high average weight (19.63kg). They are both not statistically different 

from each other. The rest of the treatments showed low average weight and they are 

both statistically the same.  

Table: 4.5. Shows the average weights for week 6 

Treatments  N Mean (kg) Std. 

Error 

  

Control 4 20.5714 1.82007 

10% AK 4 18.7786 1.81451 

20% AK 4 18.7514 1.70419 

25% AK 4 20.5802 0.41163 

Mean  16 19.6704 0.73612 

 

The table above shows the weekly average body weight for the goats assigned in 

each treatment. Each treatment was assigned four goats, 2 males and 2 females. The 

weights are slightly varying from treatment to treatment. 
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The ANOVA test indicates that there is a significant difference in ADG between the 

control and treatment 2 and 3 (P<0.05). Treatment 4 (the 25% inclusion level) was 

not different from the positive control (P>0.05). The control and 25% A. Karroo 

depicted the high average weight (20.58kg). They are both not statistically different 

from each other. The rest of the treatments showed low average weight and they are 

both statistically the same.  

Table: 4.6. Shows the average weights for week 7 

Treatments N Mean (kg) Std. Error   

Control 4 21.3714 1.92599 

10% AK 4 20.1457 1.93974 

20% AK 4 20.1214 1.33413 

25% AK 4 21.3357 0.46546 

Mean  16 20.7436 0.73407 
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The table above shows the weekly average body weight for the goats assigned in 

each treatment. Each treatment was assigned four goats, 2 males and 2 females. The 

weights are slightly varying from treatment to treatment. 

 

The ANOVA test indicates that there is a significant difference in ADG between the 

control and treatment 2 and 3 (P<0.05). Treatment 4 (the 25% inclusion level) was 

not different from the positive control (P>0.05). Since the p-value is less than the 

significant level (0.05) we conclude that the means of the average body weights in 

each treatment are significantly different (P<0.05). The control and 25% A. Karroo 

depicted the high average weights (21.34kg). They are both not statistically different 

from each other (P<0.05). The rest of the treatments showed low average weights 

and they are both statistically the same (P>0.05).  
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Table: 4.7. Shows the average weights for week 8 

Treatments N Mean (kg) Std. Error   

Control 4 22.7313 2.04703 

10% AK 4 20.8938 2.09026 

20% AK 4 20.875 1.46309 

25% AK 4 22.755 0.53327 

Mean 16 21.81378 0.78554 

 

The table above shows the weekly average body weight for the goats assigned in 

each treatment. Each treatment was assigned four goats, 2 males and 2 females. The 

weights are slightly varying from treatment to treatment. 

 

The ANOVA test indicates that there is a significant difference in ADG between the 

control and treatment 2 and 3 (P<0.05). Treatment 4 (the 25% inclusion level) was 

not different from the positive control (P>0.05). Since the p-value is less than the 
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significant level (0.05) we conclude that the means of the average body weight in 

each treatment are significantly different (P<0.05), therefore the hypothesis which 

says tanniferous Acacia karoo leaf meal level of supplementation at finisher stage 

has no effect on live weight could be rejected. The control and 25% A. Karroo 

depicted the high average weights (21.34kg). They are both not statistically different 

from each other (P<0.05). The rest of the treatments showed low average weights 

and they are both statistically the same (P>0.05).  

4.4. Average Feed intake and FCR 

Table: 4.8. Shows the average feed intake for week 5 

Treatment N Mean (kg) Std. Error   

Control 4 0.9829 0.01214 

10% AK 4 0.9111 0.00679 

20% AK 4 0.9243 0.04071 

25% AK 4 0.9827 0.01343 

Mean  16 0.95025 0.01554 

 

The table above shows the weekly average feed intake for the goats assigned in each 

treatment. Each treatment was assigned two goats, 2 male and 2 female. The average 

feed intakes are slightly varying from treatment to treatment. 
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The ANOVA test indicates that there is a significant difference between the control 

and treatment 4 compared to treatment 2 and 3 (P<0.05). The feed intake increased 

as the inclusion level of A. karroo increased. The best level is 25% A. Karroo, 

(0.98kg feed intake). The control diet is slightly different from the 25% A. Karroo 

but they are not statistically different. Both the 10 and 20% A. Karroo showed low 

feed intake. 
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Table: 4.9. Shows the average feed intake for week 6 

The table above shows the weekly average feed intake for the goats assigned in each 

treatment. Each treatment was assigned two goats, 2 male and 2 female. The average 

feed intakes are slightly varying from treatment to treatment. 

 

 

The ANOVA test indicates that there is a significant difference between the control 
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Treatments N Mean (kg) Std. Error 

Control 4 0.9593 0.00500 

10% AK 4 0.4827 0.00086 

20% AK 4 0.5607 0.05357 

25% AK 4 0.9568 0.01250 

Mean  16 0.7398 0.02175 
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(0.96kg feed intake). Since the p-value is less than the significant level (0.05) we 

conclude that the means of the average weekly feed intake in each treatment are 

significantly different (P<0.05). The control diet is slightly different from the 25% A. 

Karroo but they are not statistically different. Both the 10 and 20% A. Karroo 

showed low feed intake. 

Table: 4.10. Shows the average feed intake for week 7 

Treatment N Mean (kg) Std. Error  

Control 4 0.7075 0.03250 

10% AK 4 0.6414 0.00936 

20% AK 4 0.6711 0.00036  

25% AK 4 0.7129 0.00143  

Mean 16 0.68323 0.01210  

 

The table above shows the weekly average feed intake for the goats assigned in each 

treatment. Each treatment was assigned two goats, 2 male and 2 female. The average 

feed intakes are slightly varying from treatment to treatment. 
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The ANOVA test indicates that there is a significant difference between the control 

and treatment 4 compared to treatment 2 and 3 (P<0.05). The feed intake increased 

as the inclusion level of A. karroo increased. Since the p-value is less than the 

significant level (0.05) we conclude that the means of the average weekly feed intake 

in each treatment are significantly different (P<0.05). The control diet is slightly 

different from the 25% A. Karroo but they are not statistically different. In week 7, 

25% A. Karroo inclusion depicted a higher feed intake (0.71kg). The control feed 

which is a commercially feed is not statistically different from 25% A. Karroo. The 

10% A. Karroo level is statistically the same with the 20% A. Karroo but statistically 

different to both control and 25% A. Karroo. 
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Table: 4.11. Shows the average feed intake of Boer goats for week 8 

Treatment N Mean (kg) Std. Error   

Control 4 1.8945 0.02333 

10% AK 4 1.014 0.07067 

20% AK 4 1.2967 0.03833 

25% AK 4 1.8977 0.13417 

Mean 16 1.52573 0.05110 

 

The table above shows the weekly average feed intake for the goats assigned in each 

treatment. Each treatment was assigned two goats, 2 male and 2 female. The average 

feed intakes are slightly varying from treatment to treatment. 
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The ANOVA test indicates that there is significant difference between the different 

treatments (P<0.05). Since the p-value is less than the significant level (0.05) we 

conclude that the means of the average weekly feed intake in each treatment are 

significantly different, therefore the hypothesis which says tanniferous A. karoo leaf 

meal level of supplementation at finisher stage has no effect on feed intake could be 

rejected. In week 8, 25% A. Karroo depicted the higher feed intake (1.90kg) 

compared to the rest of the treatments. Both the 10 and 20% A. Karroo have the 

same level of feed intake but are both statistically different from the control and  

25% A. Karroo. 
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4.5. Average body condition score 

Table: 4.12. Shows the body condition score for week 1 

Treatments  N Mean Std. Error 

0% AK 4 3.50 0.289 

10% AK 4 3.25 0.479 

20% AK 4 3.25 0.408 

25% AK 4 3.50 0.289 

Mean 16 3.31 0.176 

 

The table above shows the weekly average body condition score for the goats 

assigned in each treatment. Each treatment was assigned four goats, 2 male and 2 

female. The average body condition score are slightly varying from treatment to 

treatment. 
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The ANOVA test indicates that there is significant difference between the different 

treatments (P<0.05). Since the p-value is less than the significant level (0.05) we 

conclude that the means of the average weekly body condition score in each 

treatment are significantly different. The control and 25% A. Karroo depicted the 

high body condition score (3.50). They are both not statistically different from each 

other. The rest of the treatments showed low body condition score and they are both 

statistically the same.  

Table: 4.13. Shows the body condition score for week 2 

The table above shows the weekly average body condition score for the goats 

assigned in each treatment. Each treatment was assigned four goats, 2 male and 2 

female. The average body condition score are slightly varying from treatment to 

treatment. 

Treatments N Mean Std. Error 

0% AK 4 3.50 0.289 

10% AK 4 3.25 0.479 

20% AK 4 3.25 0.250 

25% AK 4 3.50 0.289 

Mean 16 3.38 0.155 
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The ANOVA test indicates that there is significant difference between the different 

treatments (P<0.05). Since the p-value is less than the significant level (0.05) we 

conclude that the means of the average weekly body condition score in each 

treatment are significantly different (3.50). The control and 25% A. Karroo depicted 

the high body condition score. They are both not statistically different from each 

other. The rest of the treatments showed low body condition score and they are both 

statistically the same. 

Table: 4.14. Shows the body condition score for week 3 

Treatments N Mean Std. Error  

0% AK 4 3.75 0.479 

10% AK 4 3.25 0.479 

20% AK 4 3.25 0.250 

25% AK 4 3.75 0.250 

Mean 16 3.50 0.183 
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The table above shows the weekly average body condition score for the goats 

assigned in each treatment. Each treatment was assigned four goats, 2 male and 2 

female. The average body condition score are slightly varying from treatment to 

treatment. 

 

The ANOVA test indicates that there is significant difference between the different 

treatments (P<0.05). Since the p-value is less than the significant level (0.05) we 

conclude that the means of the average weekly body condition score in each 

treatment are significantly different.  The control and 25% A. Karroo depicted the 

high body condition score (3.75) but they are not statistically different from the rest 

of the treatments. Both the 10 and 20% A. Karroo showed low Body condition score.  
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Table: 4.15. Shows the body condition score for week 4 

Treatments  N Mean Std. Error 

0% AK 4 4.25 0.479 

10% AK 4 3.75 0.289 

20% AK 4 3.75 0.479 

25% AK 4 4.25 0.000 

Mean 16 3.88 0.180 

 

The table above shows the weekly average body condition score for the goats 

assigned in each treatment. Each treatment was assigned four goats, 2 male and 2 

female. The average body condition score are slightly varying from treatment to 

treatment. 
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The ANOVA test indicates that there is a significant difference between the different 

treatments (P<0.05). Since the p-value is less than the significant level (0.05) we 

conclude that the means of the average weekly body condition score in each 

treatment are significantly different. The control and 25% A. Karroo depicted the 

high body condition score (4.25) and are both statistically the same. Both the 10 and 

20% A. Karroo showed low Body condition score. 

Table: 4.16. Shows the body condition score for week 5 

Treatments N Mean Std. Error 

0% AK 4 4.25 0.479 

10% AK 4 4.00 0.408 

20% AK 4 4.00 0.408 

25% AK 4 4.50 0.289 

Mean 16 4.19 0.188 

 

The table above shows the weekly average body condition score for the goats 

assigned in each treatment. Each treatment was assigned four goats, 2 male and 2 

female. The average body condition score are slightly varying from treatment to 

treatment. 
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The ANOVA test indicates that there is significant difference between the different 

treatments (P<0.05) Since the p-value is less than the significant level (0.05) we 

conclude that the means of the average weekly body condition score in each 

treatment are not significantly different. The control and 25% A. Karroo depicted the 

high body condition score (4.5) and are both statistically the same. Both the 10 and 

20% A. Karroo showed low Body condition score.  

Table: 4.17. Shows the body condition score for week 6 

Treatments  N Mean Std. Error  

0% AK 4 4.50 0.289 

10% AK 4 4.25 0.479 

20% AK 4 4.25 0.250 

25% AK 4 4.50 0.289 

Mean 16 4.38 0.155 
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The table above shows the weekly average body condition score for the goats 

assigned in each treatment. Each treatment was assigned four goats, 2 male and 2 

female. The average body condition score are slightly varying from treatment to 

treatments. 

 

The ANOVA test indicates that there is significant difference between the different 

treatments (P<0.05). Since the p-value is less than the significant level (0.05) we 

conclude that the means of the average weekly body condition score in each 

treatment are significantly different. The control and 25% A. Karroo depicted the 

high body condition score (4.5) and are both statistically the same. Both the 10 and 

20% A. Karroo showed low Body condition score 
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Table 4.18 shows the body condition score for week 7 

Treatments N Mean Std. Error 

0% AK 4 5.00 0.577 

10% AK 4 4.75 0.289 

20% AK 4 4.75 0.479 

25% AK 4 5.00 0.289 

Mean 16 4.69 0.198 

 

The table above shows the weekly average body condition score for the goats 

assigned in each treatment. Each treatment was assigned four goats, 2 male and 2 

female. The average body condition score are slightly varying from treatment to 

treatments. 

 

The ANOVA test indicates that there is significant difference between the different 

treatments (P<0.05). Since the p-value is less than the significant level (0.05) we 
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conclude that the means of the average weekly body condition score in each 

treatment are significantly different. The control and 25% A. Karroo depicted the 

high body condition score (5.0) and are both statistically the same. Both the 10 and 

20% A. Karroo showed low Body condition score. 

Table: 4.19. Shows the body condition score for week 8 

Treatments  N Mean Std. Error 

0% AK 4 5.25 0.479 

10% AK 4 4.75 0.479 

20% AK 4 4.75 0.479 

25% AK 4 5.00 0.408 

Mean 16 4.94 0.213 

 

The table above shows the weekly average body condition score for the goats 

assigned in each treatment. Each treatment was assigned four goats, 2 male and 2 

female. The average body condition score are slightly varying from treatment to 

treatments. 
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The ANOVA test indicates that there is a significant difference between the different 

treatments (P<0.05). Since the p-value is less than the significant level (0.05) we 

conclude that the means of the average weekly body condition score feed in each 

treatment are significantly different, therefore the hypothesis which says tanniferous 

A. karoo leaf meal level of supplementation at finisher stage has no effect on body 

condition score could be rejected. The control and 25% A. Karroo depicted the high 

body condition score (5.0) and are both statistically the same. Both the 10 and 20% 

A. Karroo showed low Body condition score. 
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CHAPTER 5 

DISCUSSION 

5.0. Growth performance of Boer goats when Lucerne and pellets are replaced 

with Acacia karroo under Namibian weather conditions 

5.1. Feed analyses results  

The determined crude protein content of A. karroo leaf meal was 10.2g per 100g, 

which is smaller than 120g per kg reported by Ngambi et al. (2009). This is quite 

high and ideal for supplementation in animal feeds (Makkar, 2003). A. karroo leaves 

contains high concentrations of tannins, predominantly condensed tannins, its high 

protein contents are best for supplementation in animal feeds, as shown in the study 

by Makkar (2003), cited in Ngambi et al. (2009). Browse plants such as the Acacia 

species are reported to be an enormous potential source of protein supplementation 

(100 to 250 g/kg DM) for ruminants in the tropics (Ngongoni et al., 2007) and can 

easily meet nutrient requirements, mainly proteins (Aganga et al., 1998; Devendra 

and Sevilla, 2002; Kahiya et al., 2003; Marume et al., 2012), minerals (Aganga et al., 

1998; Mukoboki et al., 2005) and they have antihelmintic properties (Xhomfulana et 

al., 2009). 

Experimental  diets (T1, T2, T3 and T4) used to study the effects of adding A.karroo 

leaf meal at different levels on Lucerne and pellets based diets contained 10, 12, 11 

and 12ME/MJ/kg energy contents and 18g, 15.4g, 14.9g and 15.2g protein contents, 

respectively. These diets were formulated, considering the costs of Boer goat diets as 

well as Namibia’s harsh environmental conditions. 
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5.2. Effects of A. karroo leaf meal on average weight and FCR 

The present study observed that different A. karroo leaf meal levels added to Lucerne 

and pellets based diets has a significant (P<0.05) effect on weight gain and feed 

conversion ratio (FCR) (g feed/g live weight gain) of Boer goats from 3-5 month of 

age. This however, supports the results reported by Mapiye et al., 2009; Nyamukanza 

and Scogings, 2008, that supplementation with browse plants, particularly A. karroo 

leaves, improves the body condition score, slaughter weight and average daily gain.  

A. karroo has been reported to contain chemical substances which have anti-

helmintic properties (Kahiya et al., 2003; Xhomfulana et al., 2009). Kahiya et al. 

(2003) reported that goats fed A. karroo leaves had lower faecal egg counts and 

Haemonchus contortus worm counts than the infected control group. These studies 

demonstrate that supplementing ruminants with A. karroo leaves reduces nematode 

burdens.  

Generally, the reduction in nematode burdens in animals consuming browse legumes 

is attributed to the anti-helmintic activity of condensed tannins (Hoste et al., 2006; 

Minho and Abdalla, 2007; Xhomfulana et al., 2009). The mechanisms by which 

condensed tannins counteract effects of gastrointestinal parasites in ruminants are not 

clear. It has been speculated that direct effects on the parasites, and indirect effects 

on the host animal, may play a role. The direct effects involve the capacity of 

condensed tannins to bind with proteins in the rumen (Alonso-Díaz et al., 2008; 

Hernández-Ordu˜no et al., 2008), intestinal mucosa proteins (Schultz, 1989), cuticle 

glycoproteins (Hoste et al., 2006) and/or faecal egg proteins of larvae (Niezen et al., 

2002). These processes could reduce larval growth and development or inhibit egg 

hatching, and result in larvae death (Niezen et al., 2002; Hoste et al., 2006). 
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Assessment of the structure–activity relationships of tannins, and clarification of 

their metabolic mechanisms in controlling helminths, is invaluable. The antihelmintic 

indirect effects of condensed tannins have been mainly attributed to the animal’s 

improved resistance and resilience to gastrointestinal nematodes with an increase in 

digestible protein supply (Minho and Abdalla, 2007). The mode of action at the 

cellular level remains to be investigated. 

H. contortus is a highly pathogenic, blood sucking nematode causing clinical signs of 

anaemia, oedema (bottle-jaw), diarrhoea and death. When clinical signs are present, 

H. contortus infection is commonly called haemonchosis, which results in pallor of 

the mucous membranes and skin (Bowman, 2003). Haemonchosis causes dramatic 

economic loss. This loss is due to decreased production, cost of prevention and 

treatment and ultimately death of infected animals.  

5.3. Effects of A. karroo leaf meal on Feed intake 

The present study observed that different A. karroo leaf meal levels added to Lucerne 

and pellets based diets has a significant (P < 0.05) effect on feed intake of Boer goats 

from 3-5 month of age. This however contradict  results were obtained by Al-

mamary et al., (2001) who found that addition of sorghum grains low in tannins to 

diets of rabbits didn’t change growth rate, feed intake and feed conversion ratio. 

Similar results were also reported by Diao et al., (1990). These finding are contrary 

to the finding of Laeurena et al., (1984), Makkar (2003) and Hassen et al., (2003) 

who found adverse effect of tannins on feed efficiency, growth rate and protein 

digestibility. 
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Low inclusion of leguminous leaf meals has been reported to increase intake 

(D’Mello, 1995; Halimani et al., 2005). Further increases of leaf meals have, 

however, been shown to depress intake. The differences in the intake of animals fed 

leaf meals could be due to differences in the basal diets used and in the nature of the 

leaf meal supplements (Halimani, 2005). In addition, other substances have been 

reported to reduce intake of diets containing leaf meals. These include hydrogen 

cyanide in Manihot esculenta (Phuc et al., 2000), mimosine and polyphenols in L. 

leucocephala (Cheverria et al., 2002). 

5.4. Effects of A. karroo leaf meal on body condition score 

The present study observed that different A. karroo leaf meal levels added to Lucerne 

and pellets based diets has a significant (P<0.05) effect on body condition score of 

Boer goats from 3-5 month of age.  This however supports the results reported by 

Aganga et al. (1998) and Nyamukanza and Scogings (2008), reported higher ADG 

for goats fed A. karroo leaves compared to those fed a control diet. The superior 

performance displayed by ruminants fed dried browse legume leaves is partially 

credited to a high concentration of CP, its moderate digestibility, and desirable 

effects of condensed tannins (Rubanza et al., 2007; Mapiye et al., 2009b). Low 

concentrations of condensed tannins improve protein nutrition by binding to plant 

proteins in the rumen, thus preventing microbial degradation and increasing amino 

acid flow to the duodenum to increase absorption of amino acids in the jejunum and 

ileum (Mueller-Harvey, 2006). This could lead to more protein metabolised into 

muscle and, consequently, higher slaughter weights and heavier carcasses (Gleghorn 

et al., 2004). 
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5.5 Effect of A. karroo on Nutrient digestibility 

Inclusion of leaf meals tends to lower nitrogen retention and digestibility of nutrients 

(Laswai et al., 1997; Ly et al., 1998; Cheverria et al., 2002; Phuc et al., 2000). A 

reduction in dry matter digestibility can result from an increase in the flow of digesta 

and total tract excretion of nutrients and energy as a result of the higher insoluble 

fibre content of leguminous leaf meals (Lindberg & Cortova, 1995). Low 

digestibility of protein may be due to protein being bound by polyphenols and fibre 

or physically entrapped by fibre in the leaf meals (Phuc et al., 2000). It may also be 

due to and increase in hindgut fermentation leading to higher loss of bacterial 

nitrogen or due to enhanced secretion of endogenous protein coupled with reduced 

degradation and reabsorption of endogenously secreted protein (Jansman et al., 1995; 

Lindberg & Andersson, 1998). Higher levels of intake of these leaf meals been 

shown to depress digestibility of nutrients and, at the same time, increase the activity 

of enzymes that are responsible for detoxification of toxic substances in the body 

(Halimani et al., 2005). 

5.6 Constraints to leaf meal utilisation 

Even though chemical composition of leaf meals show some potential feeding value, 

this value is seldom achieved in practice (D’Mello, 1995). Most leaf meals have high 

fibre contents and also contain various secondary plant metabolites that interfere with 

digestion in the animal and in instances are poisonous. These lead to a reduction in 

animal performance. For example, L. leucocephala leaf meal contains mimosine, a 

non-protein amino acid, which interferes with protein metabolism. In addition, most 

leaf meals contain polyphenolic compounds that bind proteins and reduce both 

palatability and digestibility (Cheverria et al., 2002; Halimani et al., 2005). Efforts to 
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use cassava leaf meal as a feed supplement are also constrained by the intrinsic low 

digestibility of the leaf meal and presence of hydrogen cyanide (Phuc et al., 2000). 

The fibre fractions of these leaf meals are hardly utilised in pigs (D’Mello, 1995), 

except, perhaps those pigs where hind gut fermentation is significant, as has been 

suggested in the indigenous pigs (Kanengoni et al., 2002). The fibre may also lead to 

lower digestibility of nutrients as some nutrients are bound to or are physically 

entrapped in the fibre. 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATIONS 

6.1. CONCLUSION  

The current study revealed that A. karroo supplementation has effect on weight gain, 

feed intake, FCR and body condition score of Boer goats with the best inclusion rate 

being 25% because it compared well with the positive control. Supplementing goats 

with A. karroo as an alternative feed source for survival can be practically 

implemented by resource-limited goat producers since A. karroo is easily accessible 

and the plant species is preferred by goats across seasons. 

6.2 RECOMMENDATIONS 

In this study, A. karroo leaves were used as a feed supplement. Therefore, more 

studies should be carried out to see the effect of other leguminous plants when used 

as feed supplements for animals. Repeated feeding trials on a larger scale are 

recommended before A. karroo can be safely used by feed manufacturers. The same 

research should be done with different breeds of goats. 

 

 

 

 

 



70 
 

CHAPTER 7 

REFERECES 

Abdulrazak, S.A., Nyangaga, J. & Fujihara, T., (2001). Relative palatability to sheep 

of browse species, their in sacco degradability and in vitro gas production 

characteristics. Asian-Aust. J. Anim. Sci. 14, 1580-1584.  

Aganga, A.A., Adogla-Bessa, T., Omphile, U.J., Tshireletso, K., (2000). Significance 

of browses in the nutrition of Tswana goats. Arch. Zootec. 49, 469–480. 

Aganga, A. A., Tsopito, C. M., & Adogla-Bessa, T. (1988). Feed potential of Acacia 

species to ruminants in Botswana. Arch. Zootec, 47, 659–668. 

Aganga, A. A., Tsopito, C. M., & Adogla-Bessa, T. (1998). FEED POTENTIAL OF 

ACACIA SPECIES TO RUMINANTS. Gaborone. Botswana: Department of 

Animal Science and Production. Botswana College of Agriculture. 

Ahn, J.H., Elliott, R., Norton, B.W., 1997. Oven drying improves the nutritional 

value of Calliandra calothyrsus and Gliricidia sepium as supplements for 

sheep given low-quality straw. J. Sci. Food Agric. 75, 503–510. 

Al mamary , M., Molham, A., Abdulwali , A., & Al- obeide, A. (2001). In vivo 

effect of dietary sorghum tannins on rabbits digestive enzyme and mineral 

absorption. Nutritional Research, 21, 1393-1401. 

AOAC. (2000). Official methods of Analysis (15th ed.). Arlington.Washington DC. 

Arcadis Euroconsult. (1998). Incoperating environmental concerns in rural water 

supply in Namibia. Final Mission Report. the Netherlands: Government of 

Namibia / Royal Netherlands Embassy, Arnhem. 



71 
 

Arsenos, G., Fortomaris, P., Papadopoulos, E., Sotiraki, S., Stamataris, C., & 

Zygoyiannis, D. (2009). Growth and meat quality of kids of indigenous 

Greek goats (Capra prisca) as influenced by dietary protein and 

gastrointestinal nematode challenge. Meat Science, 82(3), 317-323. 

Ashley, Caroline. (1996). Incentives affecting biodiversity conservation and 

sustainable use. Directorate of Environmental Affairs Namibia. 

Bakare, A. G., & Chimonyo, M. (1993). Seasonal variation in time spent foraging by 

indigenous goat genotypes in a semi-arid rangeland in South Africa. 

Livestock Science, 135: 251–256. 

Bank of Namibia, Annual Report (2004). Retrieved February 12, 2014 from Http: 

//www.bon.com.na/Economic-information/Annual-Reports.aspx. 

Barnes, R.D., Filer, D.L., Milton, S.J., (1996). Acacia karroo: Monograph and 

Annotated Bibliography. Tropical Forestry Papers 32. Oxford Forestry 

Institute,Oxford, UK. 

Barry, T. N. (1987). Secondary compounds of forages. In: Nutrition of herbivores. (J. 

B. Hacker, & J. M. Ternouth, Eds.) A. P. Sydney.  

Belovsky, G.E., Schmitz, O.J., Slade, J.B., Dawson, T.J., (1991). Effects of spines 

and thorns on Australian arid zone herbivores of different body mass. 

Oecologia. 88: 521–528. 

Ben Salem, H., Saghrouni, L., Nefzaoui, A., (2005). Attempts to deactivate tannins 

in fodder shrubs with physical and chemical treatments. Anim. Feed 

Sci.Technol. 122: 109–121. 

Birnie, P., Boyle, A., & Redgewell. (2009). Internaltional Law and the Environment. 

Oxford: Oxford University Press. 



72 
 

Birnie, P., Boyle, A., & Redgewell. (2009). International Law and the Environment. 

Oxford: Oxford University Press. 

Blaikie, P. (2006). Is small really beautiful? Community-based natural resource 

management in Malawi and Botswana, 34(11): 1942–1957. 

Booysen, J., & Rowswell, D. I. (1993). Proceedings of the Grassland Society of 

southern Africa. The drought problem in the Karoo areas, 18: 40-45. 

Bosch, O., & Janse Van Rensburg, F. P. (1987). Ecological status of species on 

grazing gradients on shallow solis of the western Grassland Biome in South 

Africa. Journal of the grassland Society of southern Africa, 4(4), 143-147. 

Bosch, O., Jans evan Rensburg, F. P., & Truter, S. D. (1987). identification and 

selection of benchmark sites on litholic soils of the western Grassland Biome 

of South Africa. Journal of the Grassland Society of Southern Africa, 4(2): 

59-62. 

Brunner, R. D. ((2002).). Problems of governance. Finding Common Ground: 

Governance and Natural Resources in the American West,. Yale University 

Press: New Haven, CT. 

Carney, D. (1998). what contribution can we make? DFID (Department for 

International Development). In Sustainable rural livelihood. London, UK. 

Casey, N. H. (1992). Goat meat in human nutrition. Proceedings V International 

Conference on Goats (pp. 1-4). New Delh: Indian Council of Agricultural 

Research. 

Cash, D. W. (2006). Scale and cross-scale dynamics: governance and information in 

a multilevel world. Ecology and Society, 11(2): 8. 



73 
 

Cheverria, V. E., Belmar, R., Ly, J., & Santos-Ricalde, R. H. (2002). Effect of 

Leucaena leucocephala leaf meals treated with acetic acid or sodium 

hydroxide on apparent digestibility and nitrogen retention in pig diets. Animal 

Feed Science and Technology, 101: 151-159. 

Cooper, S.M., Owen-Smith, N., (1986). Effects of plant spinescence on large 

mammalian herbivores. Oecologia 68: 446–455. 

 

D’Mello, J. F. (1995). Leguminous leaf meals in nonruminant. (J. F. Mello , & C. 

Devendra, Eds.) In Tropical legumes in animal, 247-282. 

De Pauw, E., Coetzee, M. E., Calitz, A. J., Beukes, H., & Vits, C. (1998/99). 

Production of an Agro-Ecological Zones Map of Namibia (First 

approximation). Part 2: Results (Vol. 10). Agricola. 

Devendra, C., & Sevilla, C. C. (2002). 2002. Availability and use of feed resources 

in crop-animal systems in Asia. Agric. Syst, 71: 59–73. 

Devendra, C., & Sevilla, C. C. (2002). Availability and use of feed resources in crop-

animal systems in Asia. Agricultural Systems, 71(12): 59–73. 

Diao, Q. Y., Yang, Z. Y., & Chun , H. J. (1990). The effects of sorghum tannin on 

digestion of nutrients in leghorn cocks. Chinese Animal Magazine, 26(2): 30- 

32. 

Dube, J.S., Reed, J.D., Ndlovu, L.R., (2001). Proanthocyanidins and related 

phenolics in Acacia leaves of Southern Africa. Anim. Feed Sci. Technol. 91: 

59–67. 

Dube, J.S., (2000). The use of Acacia karroo and Acacia nilotica leaves as dry season 

supplementary feeds for livestock. In: Holness, D.H. (Ed.), Strategies for Dry 



74 
 

Season Feeding of Animals in Central and Southern Africa; Proceedings of a 

Joint Zimbabwe Society for Animal Production and Food and Agriculture 

Organisation Sub-regional Office for Southern and East Africa, Workshop 

held in Harare, Zimbabwe. 25th–27th October 1999, pp. 121–127. 

Dube, J.S., Ndlovu, L.R., (1995). Feed intake, chemical composition of faeces and 

nitrogen retention on goats consuming single browse species or browse 

mixtures. Zim. J. Agric. Res. 33: 133–141. 

Du Toit, P. (1972). The goat in a bush-grass community. Proc. Grassld. Soc. Sth. 

Afr., 7: 44-50. 

Duncan, B. D. (1955). Biometrics: T tests and intervals for comparisons suggested 

by the data (Vol. 31). 

Dzowela, B.H., Hove, L., Mafongoya, P.L., (1995). Effect of drying method on 

chemical composition and in vitro digestibility of multi-purpose tree and 

shrub fodders. Trop. Grassl. 29: 263–269. 

Edwards, D. (1983). A broad-scale structural classification of vegetation for 

practical purposes (Vols. 14, 3 &4). Bothalia. 

Erkkil,¨ A. (1992). Forestry in Namibia 1850-1990., Silva Carelia 20. Redlands: 

ESRI:2001, Arcview. ESRI Inc. 

Estes, J. J. ( 2011). Trophic downgrading of Planet Earth. Science, 333: 301-306. 

Fadel Elseed, A. M., Amin, A. E., Khadiga, A., Abel Ati, J., Sekine, M., 

Hishinuma.(2002). Nutritive evaluation of some fodder tree species during 

the dry season in Central Sudan. Asian-Australasian Journal of Animal 

Science, 15: 844–950. 



75 
 

FAO:. (1983). Guidelines: Land evaluation for rainfed agriculture. ’FAO Soils Bull. 

52. 

FAOSTAT.  (2013). The Food and Agricultural Organisation's Database. Retrieved 

May 29, 2013 from 

http://faostat.fao.org/site/377/DesktopDefault.aspx?PageID=377#ancor. 

FAOSTAT. (2005). Retrieved September 02, 2013 from 

http://www.fao.org/waicent/portal/statistics. 

Farrington, J. a. (1997). Scaling-up participatory catchment development in India: 

Lessons from the Indo-German Watershed Development Program. ODI 

Natural Resource Perspectives Number 17. London, UK: Overseas 

Development Institute. 

French, P., Stanton, C., Lawless, F., O’Riordan, E.G., Monahan, F.J., Caffrey, 

P.J.,Moloney, A.P., (2000). Fatty acid composition, including conjugated 

linoleic acid, of intramuscular fat from steers offered grazed grass, grass 

silage or concentrate-based diets. Journal of Animal Science 78: 2849–2855. 

Folch, M. J., & Sloane-Stanely, H. G. (1957). A simple method for the isolation and 

purification of total lipids from animal tissue. J. Biol. Chem, 226: 497-507. 

Fuls, E. R. (1992). Ecosystem modification created by patch overgrazing in semi-

arid grassland (Vol. 24). J. Arid Environ. 

Garg, S. K., Makkar, H. P., Nagal, K. B., Sharma, S. K., Wadhwa, D. R., & Singh, B. 

(1992). Toxicological investigations into oak (Quercus incana) leaf poisoning 

in cattle. Veterinary Human Toxicology, 34: 161–164. 



76 
 

Gilboa, N., Nir, I., Nitsan, Z., Silanikove, N., & Perevolotsky, A. (1995). Effect of 

polyethylene glycol on feed intake, body weight and digestibility in goats fed 

tannin-rich leaves. Hassadeh, 75: 72-73. 

Giner-Chavez, B. I. (1996). Condensed tannins in tropical forages. Ph.D. Thesis. 

Ithaca, New York, United States of America: Cornell University. 

Gleghorn, J. F., Elam, N. A., Galyean, M. L., Duff, G. C., Cole, N. A., & Rivera, J. 

D. (2004). Effects of dietary crude protein concentration and degradability on 

performance and carcass characteristics of growing-finishing beef steers. J. 

Anim. Sci, 82: 2705–2717. 

Goodchild, A. V., & McMeniman, N. P. (1994). Intake and digestibility of low 

quality roughage when supplemented with leguminous browse. Journal of 

Agricultural Science, 122: 151–160. 

Grau, R., & Hamm, R. (1984). Fatness of lambs on grassland Maku'lotus and 

Grassland Huia' white clover. Proceeding of the New Zealand Society of 

Animal Production, 44: 219-221.  

Halimani, T.E., (2002).Astudy on the effects of including leguminous leaf-meals 

(Acacia karroo [Hayne], Acacia nilotica [Wild Ex Deliles] and 

Colophospermum mopane [(C.J. Kirk Ex Benth) J. Leonard] in fattening diets 

of pigs (Sus domesticus). M. Phil Thesis. Department of Animal Science, 

Faculty of Agriculture, 

University of Zimbabwe,Harare, Zimbabwe. 

Halimani, T. C., Ndlovu, L. R., Dzama, K., Chimonyo, M., & Miller , B. G. (2005). 

Metabolic response of pigs supplemented with incremental levels of 



77 
 

leguminous Acacia karroo, Acacia nilotica and Colophospermum mopane 

leaf meals. Animal Science, 81: 39-45. 

Harrington, L. J. (2001). Delivering the goods: scaling out results of natural resource 

management research. Conservation Ecology , 5(2): 19. 

Heyns, P. F. (1997). Sharing Water in Southern Africa (1 ed.). Windhoek: Desert 

Research Foundation of Namibia. 

Holling, C. (1993). Ecological Applications. Investing in research for sustainability 

(3): 552-555. 

Hoste, H., Jackson, F., Athanasiadou, S., Thamsborg , S. M., & Hoskin, S. O. (2006). 

The effects of tannin-rich plants on parasitic nematodes in ruminants. Trends 

Parasitology, 22: 253–261. 

Hoste, H., Torres-Acosta, I. F., Paolini, V., Aguilar-Caballero, A., Etter, E., Lefrileu, 

Y., Chartier,C., Broqua, C. (2005). Interactions between nutrition and 

gastrointestinal infections with parasitic nematodes in goats. Small Ruminant 

Research, 60: 141–151. 

Jansman, A. J. M., Verstegen, M. W. A., Huisman, J. & van den Berg, J. W. D. 

(1995). Effects of hulls of faba bean (Vicia faba L.) with low or high content 

of condensed tannins on the apparent ileal and faecal digestibility of nutrients 

and the excretion of endogenous protein in ileal digesta and faeces of pigs. 

Journal of Animal Science 73: 118-127. 

Jewitt, G. P. (2000). Scale and model interfaces in the context of integrated water 

resources management for the rivers of the Kruger National Park. Report 

627/1/00. Water Resources Commission. Pretoria, South Africa. 



78 
 

Johnston, B., & Mellor, J. (1961). The role of Agriculture in Economic 

Development. Is Agriculture the Engine of growth, 51: 566-93. 

Kababya, D. (1995). Grazing behaviour and nutrition of goats in Mediterranean 

woodland. The Hebrew University of Jerusalem, Jerusalem, Israel. 

Kahiya, C., Mukaratirwa, S., & Thamsborg., S. M. (2003). Effects of Acacia Nilotica 

and Acacia karroo diets on Haemonchus Contortus infection in goats. 

Veterinary Parasitology, 115: 265–274. 

Kaitho, R.J., Umunna, N.N., Nsahlai, I.V., Tamminga, S., Van Bruchem, T., Hanson, 

I., (1997). Palatability of wilted and dried multipurpose tree species fed to 

sheep and goats. Anim. Feed Sci. Technol. 65: 151–165. 

Kanengoni, A.T, Dzama, K, Chimonyo, M., Kusina, J. & Maswaure, SM. (2002). 

Influence of level of maize cobinclusion on nutrient digestibility and nitrogen 

balance in the Large White, Mukota and Large White x Mukota crossbred 

pigs. Animal Science 74: 127-134. 

Kerr, J. M. (1996). Subsidies in watershed development projects in India: Distortions 

and opportunities. Gatekeeper Series Number 61. London, UK: IIED 

(International Institute for Environmental Development). 

Kumar, R., & Singh, M. (1984). Tannins, their adverse role in ruminant nutrition. 

Journal of Agricultural Food Chemestry, 32: 447-453. 

L. U. (1998). What contribution can we make? DFID (Department for International 

Development). In D. Carney (Ed.), Sustainable rural livelihoods. 

Lal, R. (1994). Soil Erosion Research Methods. Soil and water conservation Society 

and St. Lucei Press (2 ed.). Florida: Delray Beach. 



79 
 

Lange, G. B. (1997). Cattle Numbers, Biomass, Productivity, and Land degradation 

in the Commercial Farming Sector of Namibia, 1915-1995. Windhoek: 

Directorate of Environment Affairs, Ministry of Environment and Tourism. 

Laurena , A. C., Van Den, T., & Mendoza , M. E. (1984). Effect of tannins on the in 

vitro digestibility of cowpea (Vigna unguiculata). Journal of Agricultural 

Food Chemistry, 32: 1045- 1048. 

Laswai, G. H., Ocran, J. N., Lekule, F. P. & Sundstol, F.(1997). Effects of dietary 

inclusion of Leucaena leaf meal with or without ferrous sulphate on the 

digestible components and growth of pigs over the weight range 20-60 kg. 

Animal Feed Science and Technology 65: 45-57. 

le Houerou, H. N. (1983 b). The role of shrubs and trees in the sahelian and sudanian 

zone. In H. N. le Hou´erou (Ed.), In: Browse in Africa. The Current State of 

Knowledge. Papers presented at the International Symposium on Browse in 

Africa. Addis Ababa, Ethiopia: ILCA. 

Le Roux, C. J. (1980). Vegetation classification and related studies in the Etosha 

National park. Pretoria: D.Sc. thesis, Universitry of Pretoria. 

Lee, J. H., Lee, I. D., & Lee, H. S. (1990). Studies on the utilization of browse for the 

Sika Deer (Cervus Nippon): II. Chemical composition digestibility and dry 

yield of browse. Korean Journal of Animal Science, 32: 109–118. 

Leggett, K. F. (2002). Seasonal vegetation changes in the Hoanib River Catchment, 

North-Western Namibia: A study of a non-equilibrium system (Vol. 53). J. 

Arid Environ. 

Lichtenstein, A. H. (1999). Nutrition Revision. 57: 11 –14. 



80 
 

Lindberg, J. E. & Cortova Z. (1995). The effect of increasing inclusion of Lucerne 

leaf meal in a barley based diet on the partition of digestion and on nutrient 

utilisation in pigs. Animal Feed Science and Technology 56: 11-20. 

Lindberg, J. E. & Andersson, C. (1998). The nutritive value of barley based diets 

with forage meals inclusion of fresh, dry and ensiled sweet potato (Ipomoea 

batatas L.(Lam)) leaves. Livestock Production Science 56(1):43-52. 

Lovell, C. A. (2002). The Question of Scale in Integrated Natural Resource 

Management. Conservation Ecology, 5(2): 25. 

Lovell, C., Mandondo, A., & Moriarty, P. (2002). The question of scale in integrated 

natural resource management.5(2): 25.;. Conservation Ecology, 5(2): 25. 

Ly, J., Reyes, J. L., Macias, M., Martinez, V., Dominguez P. L. & Ruic R. (1998). 

Ileal and total tract digestibility of Leucaena leaf meal (Leucaena 

leucocephala Lam. DeWit) in growing pigs. Animal Feed Science and 

Technology 70: 265-273. 

Maasdorp, B.V., Muchenje, V., Titterton, M., (1999). Palatability and effect on dairy 

cow milk yield of dried fodder from the forage trees Acacia boliviana, 

Calliandra calothyrsus and Leucaena leucocephala. Anim. Feed Sci. Technol. 

77: 49–59. 

Mahanjana, A. M., & Cronj´e, P. B. (2000). Factors affecting goat production in a 

communal farming system in the Eastern Cape region of South Africa. South 

African. South African Journal of Animal Science,, 30: 149-154. 

Makkar, H. P. (2003). Effects and fate of tannins in ruminant animals, adaptation to 

tannins and strategies to overcome detrimental effects of feeding tannin rich 

feeds. Small Ruminant Research, 49: 241-256. 



81 
 

Makkar, H.P.S., Singh, B., (1993). Effect of storage and urea addition on 

detannification and in sacco dry matter digestibility of mature oak (Quercus 

incana) leaves. Anim. Feed Sci. Technol. 41: 247–259. 

Mokoboki, H. K., Ndlovu, L. R., Ngambi, J. W., Malatje, M. M., & Nikolovav, R. V. 

(2005). Nutritive value of Acacia tree foliages growing in the Limpopo 

Province of South Africa. South African Journal of Animal Science, 35(4): 

221–228. 

Monsón, F., Sañudo, C., & Sierra, I. (2005). Influence of breed and ageing time on 

the sensory meat quality and consumer acceptability in intensively reared 

beef. Meat Science, 71: 471–479. 

Mandal, L. (1997). Nutritive values of tree leaves of some tropical species for goats. 

Small Ruminant Research, 24: 95- 105. 

Mapiye, C., Chimonyo, M., Dzama, K., Hugo, A., Strydom, P. E., & Muchenje, V. 

(2009). Diets containing Acacia karroo foliage lower n-6/n-3 ratio in beef 

from Nguni steers. In: Proceedings of the 55th International Congress of 

Meat Science and Technology (pp. 1482–1484). Copenhagen, Denmark. 

Mapiye, C., Chimonyo, M., Dzama, K., Strydom, P. E., Marufu, M. C., & Muchenje, 

V. (2009). Nutritional status, growth performance and carcass characteristics 

of Nguni steers supplemented with Acacia karroo leaf-meal. Livestock 

Science, 206–214. 

Mapiye, C., Chimonyo, M., Marufu, M. C., & Dzama, K. (2011). Utility of Acacia 

karroo for beef production in Southern African smallholder farming systems: 

A review. Animal Feed Science and Technology, 164: 135–146. 



82 
 

Matthew, H. P., & Jean-Marie, L. (2002). Improving Meat Goat Nutrition with 

Forages and Supplementation. Kentucky Ruminant Nutrition, 11-20. 

McCammon-Feld, B., Van Soest, P. J., Horvath, P., & McDowell, R. E. (1981). 

Feeding strategy of the goat. 36 

Mendelsohn, J., Javris, A., Roberts, C., & Robertson T. (2002). Atlas of       Namibia. 

A portrait of the land and its people. 

MET. (1999). State of the Environment Report on the Socio-Economic Environment 

in Namibia–Indicators Report. Windhoek: Directorate of Environmental 

Affairs, Ministry of Environment and Tourism. 

Min, B. R., & Hart, S. P. (2003). Tannins for suppression of internal parasites. 

Animal Science, 81: 102–109. 

Minho, A. P., & Abdalla, A. L. (2007). Effects of condensed tannin from Acacia 

mearnsii on sheep infected naturally with gastrointestinal helminths. Vet. 

Parasitol, 144: 132–137. 

Mlambo, V., Smith, T., Owen, E., Mould, F.L., Sikosana, J.L.N., Mueller-Harvey, I., 

(2004). Tanniniferous Dichrostachys cinerea fruits do not require 

detoxification for goat nutrition: in sacco and in vivo evaluations. Livst. Prod. 

Sci. 90: 135–144. 

Ministry of Agriculture, W. a. (1999). Agricultural Statistics Bulletin. 

Ministry of Agriculture, Water and Forestry. (2005) Agricultural Statistics Bulletin. 

Mlambo, V., Sikosana, J.L.N., Mould, F.L., Smith, T., Owen, E., Mueller-Harvey, I., 

(2007). The effectiveness of adapted rumen fluid versus PEG to ferment 

tannin-containing substrates in vitro. Anim. Feed Sci. Technol. 136 (1–2): 

128–136. 



83 
 

Mlambo, V., Smith, T., Owen, E., Mould, F.L., Sikosana, J.L.N., Mueller-Harvey, I., 

(2004). Tanniniferous Dichrostachys cinerea fruits do not require 

detoxification for goat nutrition: in sacco and in vivo evaluations. Livst. Prod. 

Sci. 90: 135–144. 

Mokoboki, H. K., Ndlovu, L. R., Ngambi, J. W., Malatje, M. M., & Nikolovav, R. V. 

(2005). Nutritive value of Acacia tree foliages growing in the Limpopo 

Province of South Africa. South African Journal of Animal Science, 35(4): 

221–228. 

Monforte-Briceño, G. E., Sandoval-Castro, C. A., Ramírez-Avilés, L., & Capetillo., 

L. C. (2005). Defaunating capacity of tropical fodder trees: Effects of 

polyethylene glycol and its relationship to in vitro gas production. Animal 

Feed Science Technology, 123–124: 313–327. 

Morgan, R. P. (1991). Soil Erosion and Conservation (4 ed.). Essex: Longman 

Scientific and Technical. 

Moriarty, P. B. (2000). Integrated catchment management and sustainable water 

resource development in semi-arid Zimbabwe. University of Reading, UK: 

Dissertation. 

Mueller-Harvey, I., (2006). Review: unravelling the conundrum of tannins in animal 

nutrition and health. J. Sci. Food Agric. 86: 2010–2037. 

Mushendami, P., Biwa, B., & Gaomab II, M. (2008). UNLEASHING THE 

POTENTIAL OF THE. Windhoek: Bank of Namibia Research Department. 

Mwangi, E. a. (2008). Linking Institutional Robustness with the Ecological 

Resilience of Kenya’s Maasailand. A Century of Institutions and Ecology in 

East Africa’s Rangelands. 



84 
 

Naraa, T. L. (1993). Coping with Drought in Namibia: Informal Social Security in 

Caprivi and Erongo, (1992). Windhoek: NISER, Multidisciplinary Research 

Centre, University of Namibia.  

Namibian Agronomic Board, Annual reports various years.  

National Horticulture Development Initiative Final Report (2004) 

National Research Council, (2000). Nutrient Requirements of Beef Cattle, 7th 

revised ed.: updated 2000. National Academy Press, Washington, DC, USA, 

p. 

Nemarundwe, N. (2001). Institutional jurisdictions and community-based natural 

resource management in Chivi District, Zimbabwe. .Uppsala University, 

Uppsala, Sweden. : Procedural paper. Dissertation. 

Ngongoni, N. T., Mapiye, C., Mwale, M., & Mupeta, B. (2007). Effect of 

supplementing a high-protein ram press sunflower cake concentrate on 

smallholdermilk. Trop. Anim. Health Prod, 39: 297–307. 

Niezen, J. H., Waghorn, T. S., Raufaut, K., Robertson, H. A., & McFarlane, R. G. 

(1998). Lamb weight gain and faecal egg count when grazing one of the 

seven herbages and dosed with larvae for six weeks. Proceedings of New 

Zealand Society of Animal Production, 54: 15–18. 

Ngwa, A.T., Nsahlai, I.V., Bonsi, M.L.K., (2002). The rumen digestion of dry 

matter, nitrogen and cell wall constituents of the pods of Leucaena 

leucocephala and some Acacia species. J. Sci. Food Agric. 82: 98–106. 

Nyamukanza, C. C., & Scogings, P. F. (2008). Sprout selection and performance of 

goats fed Acacia karroo coppices in the False Thornveld of the Eastern 

Cape,South Africa. S. Afr. J. Anim. Sci, 38: 83–90. 



85 
 

O'Connor, T. G. (1991 b). Patch colonisation in a savanna grassland. Journal of 

Vegetation Science, 2(2): 245-254. 

O'Connor, T. G. (1995). Transformation of a Savanna grassland by drought and 

grazing. African Journal of Range & Forage Sciences, 12(2): 53-60. 

Odada, J. and Godana, T. (2002) Sources of growth in Africa: A case study of 

Namibia, University of Namibia. 

Park, Y. W., Kouassi, M. A., & Chin, K. B. (1991). Moisture, total fat and 

cholesterol in goat organ and muscle meat. J. Food Science. 56(5):1191-1193.  

Papachristou, T. G., & Nastis, A. S. (1993). Nutritive value of diet selected by goats 

grazing on kermes oak shrublands with different shrub and herbage cover in 

Northern Greece. Small Ruminant Research, 12: 35–44. 

Pauw, D. E. (1996). Production of an Agro-Ecological Zones map of Namibia. First 

approximation. Part 1: Condensed methodology. Agricola 1998/1999. 

Pell, A. N., Mackie, R. I., Mueller-Harvey, I., & Ndlovu, L. R. (2001). Introduction. 

Animal Food Science Technology, 91:1. 

Pfister, J. A., & Malechek, J. C. (1986). The voluntary forage intake and nutrition of 

goats and sheep in the semi-arid tropics of northeastern. Brazilian Journal of 

Animal Science, 63: 1078-1086.  

Phororo, H. (2001). Food Crops or Cash Crops in the Northern Communal Areas 

ofNamibia: Setting a Framework for Research Agenda, NEPRU WORKING 

PAPER NO.80 

Phuc, B. H., Ogle, B., & Lindberg, J. E. (2000). Effect of replacing soybean protein 

with cassava leaf protein in cassava root meal based diets for growing pigs on 



86 
 

digestibility and nitrogen retention. Animal Feed Science and Technology, 83: 

223-235. 

Planning, D. O. (1999). Agricultural statistics bulletin. Windhoek : Ministry of 

Agriculture, Water & Rural Development. 

Price, M.L., Butler, L.G., Rogler, J.C., Featherston, W.R., (1979). Overcoming the 

nutritionally harmful effects of tannin in sorghum grain by treatment with 

inexpensive chemicals. J. Agric. Food Chem. 27: 441–445. 

Priolo, A., Bella, M., Lanza, M., Galofaro, V., Biondi, L., Barbagallo, D., Ben 

Salem, H., Pennisi, P., 2005. Carcass and meat quality of lambs fed fresh 

sulla (Hedysarum coronarium L.) with or without polyethylene glycol or 

concentrate. Small Rumin. Res. 59: 281–288. 

Provenza, F. D. (1995). Postingestive feedback as an elementary determinant of food 

preference and intake in ruminants. Journal of Range Management, 48, 2–17. 

Purchase, R., & Keog, R. (1984). Fatness of lambs on grassland Maku'lotus and 

Grassland Huia' white clover. Proceedings of the New Zealand Society of 

Animal Production, 44: 219-221. 

Quan, J. B. (1994a). The Economic Impact of Desertification in Northern: 

Uukwaluudhi. Windhoek: Directorate of Environmental Affairs, Ministry of 

Environment. 

Quan, J. B. (1994b). A Preliminary Assessment of the Economic Impact of 

Desertification in Namibia. Windhoek: Directorate of Environmental Affairs, 

Ministry of Environment and Tourism. 

Raats, J. G., Webber, L. N., Pepe, D., & Taiton, N.M. (1996). Bull Grassld. Soc. Sth 

Afri., 7. 



87 
 

Ramirez, R. G. (1999). Feed resources and feeding techniques of small ruminants 

under extensive management conditions. Small Ruminant Research, 34: 215-

230. 

Rands, M., William, M. A., Bennun, L., Butchart, S. H. M., Clements, A., Comes, 

D., Entwistle, A., Hodge, I., Kapos, V., Scharlemann, J. P. W., Sutherland, J. 

P. W., Vira, B. (2010). Biodiversity Conservation. Challenges Beyond 2010, 

329. 

Rangoma, M. (2011). Feeding habits of dairy goats. Livestock Kenya. 

Ribot, J. (2001). Local actors, powers and accountability in african decentralizations: 

a review of issues. Institutions and Governance Program. 

Robbins, C. T., Hartley, T. A., Hagerman, A. E., Hajeljord, O., Baker, D. L., 

Schwartz, C. C., et al. (1987). Role of tannins in defending plants against 

ruminants: reduction in protein availability. Ecology, 98-10. 

Rojas, D. K., L´opezb , J., Tejadaa , I., V´azquez, V., Shimadad, A., S´anchezb, D., 

et al. (2006). Impact of condensed tannins from tropical forages on 

Haemonchus contortus burdens in Mongolian gerbils (Meriones 

unguiculatus) and Pelibuey lambs. Animal Feed Science and Technology, 

128: 218–228.  

Ross, J.H., (1979). A conspectus of the African Acacia species. Mem. Bot. Surv. S. 

Afr. 44: 93–95. 

Rubanza, C. D., Shem, M. N., Bakengesa, S. S., Ichinohe, T., & Fujihara, T. (2007). 

Effects of Acacia nilotica, A. polyacantha and Leucaena leucocephala leaf 

meal supplementation on performance of Small East African goats fed native 

pasture hay basal forages. Small Rumin. Res, 70: 165–173. 



88 
 

Rubanza, C. D., Shem, M. N., Otsyina , E. R., & Fujihara, T. (2005a). Performance 

of Zebu steers grazing on western Tanzania native forages supplemented with 

Leucaena leucocephala leaf meal. Agro-forestry System, 65:165–174. 

Rumosa-Gwaze, F. G., Chimonyo, M., & Dzama, K. (2009). Communal goat 

production in Southern Africa: A review. Tropical Animal Health 

Production, 41: 1157-1168. 

SACKS, F. M. (2002). The role of high- density lipoprotein (HDL) cholesterol in the 

prevention and treatment of coronary heart disease. Am. J. Cardiol, 15:139 –

143. 

Sala, E. O., & et al. (2000). Global biodiversity scenarios for the year 2100. Science, 

287: 1770-1774. 

Sanon, H. O., Kabor´e-Zoungrana , C., & Ledin, I. (2007). Behaviour of goats, sheep 

and cattle and their selection of browse species on natural pasture in a 

Sahelian area. Small Ruminant Research, 67: 64–74. 

Saura-Calixto, F., Serrano, J., & Goñi, I. (2007). Intake and bioaccessibility of total 

polyphenols in a whole diet. Food Chemistry(101): 492–501. 

SAS Institute. Statistical Analysis system. (2000). User's Guide. SAS Institute       

Inc. Cary, NC. 

Schulze, R. (2000). Transcending scales of space and time in impact studies of 

climate and climate change on agrohydrological responses. Agriculture, 

Ecosystems and Environment, 82: 185-212.  

Scogings, P.F., Mopipi, K., (2008). Effects of water, grass and N on responses of 

Acacia karroo seedlings to early wet season stimulated browsing: leaf N, 

fibre and tannin concentrations. J. Arid Environ. 72: 1666–1674. 



89 
 

Shaw, W. (2012). Will emerging economies repeat environment mistakes of their 

rich cousins? (online). Available: 

http://carnergieerndownment.org/2012/03/01/ will-emerging-economies-

repeat-environmental-mistakes-of-their-rich-cousins/9zni (2 march 2012). 

Silanikove, N. (2000). The physiological basis of adaptation in goats to harsh 

environments. Small Ruminant Research,, 35: 181–193. 

Silanikove, N., Gilboa, N., Perevolotsky, A., & Nitsan, Z. (1996). Goat fed tannin-

containing leaves do not exhibit toxic syndromes. Small Ruminant Research, 

21: 195–201. 

Silanikove, N., Nitsan, Z., & Perevolotsky, A. (1994). Effect of a daily 

supplementation of polyethylene glycol on intake and digestion of tannin-

containing leaves (Ceratonia siliqua) by sheep. Journal of Agricultural Food 

Chemistry, 42: 2844-2847. 

Simela, L. (2005). Meat characteristics and acceptability of chevon from South 

African Indigenous goat. Ph.D. Thesis, University of Pretoria. South Africa.  

Simela, L., Webb, E. C., & Bosman, M. J. C. (2008). Acceptability of chevon from 

kids, yearling goats and mature does of indigenous South African goats: A 

case study. South African Journal of Animal Science, 38: 3. 

Smet, M., Ward, D., (2005). A comparison of the effects of different rangeland 

management systems on plant species composition, diversity and vegetation 

structure in a semi-arid savanna. Afr. J. Range Sci. 22: 59–71. 

Smit, G. N., Aucamp, A., & Richter, C. G. (1999). Bush encroachment: an approach 

to understanding and managing the problem. In: Veld Management in 



90 
 

Southern Africa. (N. M. Tainton, Ed.) Pietermaritzburg, South Africa.: 

University of Natal Press.  

Smit, G. N., Rethman, N. F., & Moore, A. (1996). Vegetative growth, reproduction, 

browse production and tree response to tree clearing of woody plants In 

African Savanna. African Journal of Range & Forange Sciences, 13(2):78-

88.  

Snapp, S. a. (2003). Managing Natural Resources For Sustainable Livelihoods. 

Scaling Up and Out. 

Solaiman, S. G. (2005). Meat Goat Industry Outlook for Small Farms in Alabama 

and Surrroudning states. George Washington Carver Agriculture Experiment 

Station. 

Strang, R. M. (1974). Some man-made changes in successional trends on the 

Rhodesian highveld. J. Appl. Ecol, 11, 249-263. 

Stewart, J.L., Mould, F., Mueller-Harvey, I., 2000. The effect of drying treatment on 

the fodder quality and tannin content of two provenances of Calliandra 

calothyrsus Meissner. J. Sci. Food Agric. 80:1461–1468. 

Sullivan, S. (2000). Getting the Science Right, or Introducing Science In the First 

Place? Local Facts, Global Discourse-Desertification in North-West 

Namibia. (P. S. Sullivan, Ed.) Arnold, London: Political Ecology: Science, 

Myth and Power. 

Sweet, R. (1999). Livestock – Coping with drought: Namibia. windhoek. 

Srivastava, S.N.L., Sharma, K., 1998. Response of goats to pelleted diets containing 

different proportions of sun-dried Leucaena leucocephala. Small Rumin. Res. 

28: 139–148. 



91 
 

Swift, J. (1996). The Lie of the Land: Challenging Received Wisdom on the African 

Environment. (M. L. Means, Ed.) Desertification: Narratives, Winners and 

Losers, 73-90. 

Teague, W. R. (1989). Patterns of defoliation of Acacia karroo by goats and changes 

in tannin levels and in vitro digestibility following defoliation. Journal of the 

Grasslands Society of Southern Africa, 6:230–235.  

Tefera, S., Mlambo, V., Dlamini, B.J., Dlamini, A.M., Koralagama, K.D.N., Mould, 

F.L., (2008). Chemical composition and in vitro ruminal fermentation of 

common tree forages in the semi-arid rangelands of Swaziland. Anim. Feed 

Sci. Technol. 42: 99–110. 

Terborgh, J., & van Schaik , C. (2002). "Why the world needs Parks”. Making parks 

work. Washington: Island Press. 

Thematic Analysis Report Livestock. (2008). Millennium Challenge Account 

Namibia Compact, 3. Retrieved May 01, 2013, from 

http://www.nied.edu.na/divisions/projects/SEEN/SEEN%20Publications/Envi

ronmental%20Information%20Sheets/Development%20and%20Environment

/4.%20Mining%20in%20Namibia.pdf. 

Tiffen, M. M. (1994). More People, Less Erosion: Environmental Recovery in 

Kenya. 

Topps, J.H., (1997). Nutritive value of indigenous browse in Africa in relation to the 

needs of wild ungulates. Anim. Feed Sci. Technol. 69:143–154. 

Topps, J. H. (1992). Potential, composition and use of legume shrubs and trees as 

fodder for livestock in the tropics. Journal of Agricultural Science 

Cambridge, 118:1-8. 



92 
 

Trollope, W. S. (1974). Role of fire in preventing bush encroachment in the Eastern 

Cape. Proc. Grassld. Soc. Sth. Afr, 9: 67-72. 

Trollope, W. S., Hobson, F. O., Danckwert, J. E., & Van Niekerk, J. P. (1989). 

Encroachment of undesirable species. In: Veld Management in the Eastern 

Cape. (J. E. Danckwerts, & W. R. Teague, Eds.) Pretoria, South Africa: 

Government Printer,. 

Tyson, P. D. (1986). Climatic Change and Variability in Southern Africa. Cape 

Town: Oxford University Press. 

Tyson, P. D. (1991). Climate change in southern Africa: Past and present conditions 

and possible future scenarios (Vol. 24). Climate Change. 

Umunna, N. N., Osuji, P.O., Nsahlai., I. V.,Khalili, H., & Mohamed-Saleem, M.A. 

(1995). The effect of supplementing oat hay with lablab, sesbania, tagasaste 

or wheat middlings on the voluntary intake, nitrogen utilization and gain of 

Ethiopian Menz sheep. Small Ruminant Research. 18: 113-120. 

UNEP. (1999). World resources 1998–1999. Oxford: Oxford University Press. 

Van Rooyen, A. (1996). Desertification: A reality much closer to home than we 

would like to admit (Vol. 253). Griqua Gnus. 

Villalba, J. J., Provenza, F. D., & Banner, R. E. (2002). Influence of macronutrients 

and polyethylene glycol on intake of a quebracho tannin diet by sheep and 

goats. Journal of Animal Science, 80: 3154–3164. 

Villena, F., & Pfister, J. A. (1990). Sand shinnery oak as forage for Angora and 

Spanish goats. Journal of Range Management, 43: 116–122. 

Viss, A., & Shelton, D. (2004). Protection of Biological Diversity: International 

Environmental Law (3rd edition ed.).  



93 
 

Vijayakumari, K., Siddhuraju, P., Janardhanan, K., (1994). Nutritional assessment 

and chemical composition of the lesserknowntree legume, Acacia 

leucophloea (Roxb.). Willd. Food Chem. 50: 285–288. 

Vitti, D.M.S.S., Nozella, E.F., Abdalla, A.L., Bueno, I.C.S., Silva Filho, J.C., Costa, 

C., Bueno, M.S., Longo, C., Vieira, M.E.Q., Cabral Filho, S.L.S., Godoy, 

P.B., Mueller-Harvey, I., (2005). The effect of drying and urea treatment on 

nutritional and anti-nutritional components of browses collected during wet 

and dry seasons. Anim. Feed Sci. Technol. 122 (1–2): 123–133. 

Waghorn, G. C., & McNabb, W. C. (2003). Consequences of plant phenolic 

compounds for productivity and health of ruminants. Pro Nutr Soc, 62: 383-

392.  

Waghorn, G. (2008). Beneficial and detrimental effects of dietary condensed tannins 

for sustainable sheep and goat production—Progress and challenges. Animal 

Feed Science and Technology, 147: 116–139.  

Ward, D. N. (1998). Land degradation is not a necessary outcome of communal 

pastoralism in arid Namibia (Vol. 40). J. Arid Environ. 

 

Warmington, B. G., & Kirton, A. H. (1990). Genetic and nongenetic influence on 

growth and carcass traits of goats. Small Ruminant Research, 3: 147-165. 

Warris, D. P. (2000). An introductory text. CABI Publishing. 

Warris, D. P. (2000). An introductory text. Meat Science. 

Webb, E. C., Casey, N. H., & Simela, L. (2005). Goat meat quality. Small Ruminant 

Research, 60: 153-166. 



94 
 

Wilson, S.L., Kerley, G.H.I., (2003). The effect of plant spinescence on the foraging 

efficiency of bushbuck and Boer goats: browsers of similar body size. J. Arid 

Environ. 55 (1): 150–158. 

Wood, J. D., Enser, M., Fisher, A. V., Nute, G. R., Sheard, P. R., Richardson, R. I., 

Hughes, S. I., & Whittington, F. M. (2008). Fat deposition, fatty acid 

composition and meat quality: A review. Meat Science, 78: 343-358. 

Xhomfulana, V., Mapiye, C., Chimonyo, M., & Marufu, M. C. (2009). Supplements 

containing Acacia karroo foliage reduce nematode burdens in Nguni and 

crossbred cattle. Animal Production Science, 49(08): 646–653. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



95 
 

Appendixes 

Appendix A 

Weight Gain  

Week 5   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 4 19.6643 4.06541 2.03270 13.1953 26.1333 15.81 23.44 

10% AK 4 17.0714 3.38156 1.69078 11.6906 22.4522 12.64 20.73  

20% AK 4 18.3143 3.27071 1.63536 13.1099 23.5187 15.10 22.71  

25% AK 4 19.0286 .77477 .38739 17.7957 20.2614 17.89 19.57  

Total 16 18.5196 2.97339 .74335 16.9352 20.1041 12.64 23.44  

 

Week 6   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 4 20.5714 3.64014 1.82007 14.7792 26.3637 17.09 23.77 

10% AK 4 18.0786 3.62901 1.81451 12.3040 23.8531 13.34 22.00  

20% AK 4 19.7214 3.40838 1.70419 14.2979 25.1449 16.83 24.46  

25% AK 4 20.0500 .82326 .41163 18.7400 21.3600 19.06 21.06  

Total 16 19.6054 2.94446 .73612 18.0364 21.1743 13.34 24.46  
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Week 7   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 4 21.4714 3.85199 1.92599 15.3421 27.6008 17.54 25.06 

10% AK 4 18.6857 3.87948 1.93974 12.5126 24.8588 13.89 23.00  

20% AK 4 20.1214 2.66827 1.33413 15.8756 24.3672 17.60 23.71  

25% AK 4 20.3357 .93091 .46546 18.8544 21.8170 19.49 21.57  

Total 16 20.1536 2.93627 .73407 18.5889 21.7182 13.89 25.06  

 

 

 

Week 8   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 4 22.3313 4.09407 2.04703 15.8167 28.8458 18.40 26.65 

10% AK 4 19.4938 4.18053 2.09026 12.8416 26.1459 14.35 24.05  

20% AK 4 21.0750 2.92617 1.46309 16.4188 25.7312 18.50 25.10  

25% AK 4 20.7750 1.06654 .53327 19.0779 22.4721 20.00 22.35  

Total 16 20.9188 3.14217 .78554 19.2444 22.5931 14.35 26.65  
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Appendix B 

Week 1 average feed intake   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 2 .6939 .01162 .00821 .5896 .7983 .69 .70 

10% Ak 2 .6504 .03182 .02250 .3645 .9362 .63 .67  

20% AK 2 .7625 .04899 .03464 .3223 1.2027 .73 .80  

25% AK 2 .7414 .05253 .03714 .2695 1.2134 .70 .78  

Total 8 .7121 .05528 .01954 .6658 .7583 .63 .80  

 

 

 

 

 

 

 



98 
 

 

Week 2 average feed intake   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 2 .9996 .01465 .01036 .8680 1.1312 .99 1.01 

10% Ak 2 1.0561 .02576 .01821 .8246 1.2875 1.04 1.07  

20% AK 2 1.1232 .00960 .00679 1.0370 1.2094 1.12 1.13  

25% AK 2 1.0969 .01182 .00836 .9907 1.2031 1.09 1.11  

Total 8 1.0690 .05141 .01818 1.0260 1.1119 .99 1.13  

 

 

 

 

 

 

Multiple Comparisons 

Dependent Variable:   Week 2 average feed intake   

Tukey HSD   

*. The mean difference is significant at the 0.05 level. 

(I) treatment (J) treatment Mean 

Difference (I-

J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 
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control 

10% Ak -.05643 .01666 .088 -.1242 .0114 

20% AK -.12357
*
 .01666 .006 -.1914 -.0558 

25% AK -.09729
*
 .01666 .015 -.1651 -.0295 

10% Ak 

control .05643 .01666 .088 -.0114 .1242 

20% AK -.06714 .01666 .052 -.1350 .0007 

25% AK -.04086 .01666 .208 -.1087 .0270 

20% AK 

control .12357
*
 .01666 .006 .0558 .1914 

10% Ak .06714 .01666 .052 -.0007 .1350 

25% AK .02629 .01666 .479 -.0415 .0941 

25% AK 

control .09729
*
 .01666 .015 .0295 .1651 

10% Ak .04086 .01666 .208 -.0270 .1087 

20% AK -.02629 .01666 .479 -.0941 .0415 

 

 

 

 

Week 3 average feed intake   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 2 .6558 .04657 .03293 .2374 1.0742 .62 .69 

10% Ak 2 .7118 .07829 .05536 .0084 1.4152 .66 .77  

20% AK 2 .7611 .00758 .00536 .6930 .8291 .76 .77  
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25% AK 2 .8163 .05940 .04200 .2826 1.3499 .77 .86  

Total 8 .7362 .07566 .02675 .6730 .7995 .62 .86  

 

 

 

Week 4 average feed intake   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 2 .7643 .03738 .02643 .4285 1.1001 .74 .79 

10% Ak 2 .8182 .05707 .04036 .3054 1.3310 .78 .86  

20% AK 2 .8009 .02909 .02057 .5395 1.0622 .78 .82  

25% AK 2 .9471 .06970 .04929 .3209 1.5734 .90 1.00  

Total 8 .8326 .08312 .02939 .7631 .9021 .74 1.00  

 

 

Week 5 average feed intake   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 2 .9229 .01717 .01214 .7686 1.0771 .91 .94 

10% Ak 2 .9111 .00960 .00679 .8249 .9973 .90 .92  

20% AK 2 .9943 .05758 .04071 .4770 1.5116 .95 1.04  
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25% AK 2 .9727 .01899 .01343 .8021 1.1433 .96 .99  

Total 8 .9502 .04395 .01554 .9135 .9870 .90 1.04  

 

 

Week 7 average feed intake   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 2 .6975 .04596 .03250 .2845 1.1105 .67 .73 

10% Ak 2 .6414 .01323 .00936 .5225 .7603 .63 .65  

20% AK 2 .6711 .00051 .00036 .6665 .6756 .67 .67  

25% AK 2 .7129 .00202 .00143 .6947 .7310 .71 .71  

 

Week six average feed intake   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Minimum Maximum 

Lower Bound Upper Bound 

control 2 .7993 .00707 .00500 .7358 .8628 .79 .80 

10% Ak 2 .7827 .00121 .00086 .7718 .7936 .78 .78 

20% AK 2 .9107 .07576 .05357 .2300 1.5914 .86 .96 

25% AK 2 .8568 .01768 .01250 .6980 1.0156 .84 .87 

Total 8 .8374 .06152 .02175 .7859 .8888 .78 .96 
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Total 8 .6807 .03424 .01210 .6521 .7093 .63 .73  

 

 

Week eight average feed intake   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

Control 2 1.0100 .03300 .02333 .7135 1.3065 .99 1.03 

10% Ak 2 1.0140 .09994 .07067 .1161 1.9119 .94 1.08  

20% AK 2 .8867 .05421 .03833 .3996 1.3737 .85 .93  

25% AK 2 1.1942 .18974 .13417 -.5106 2.8989 1.06 1.33  

Total 8 1.0262 .14452 .05110 .9054 1.1470 .85 1.33  
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Appendix C  

Body condition score 

Week 1   

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

0% AK 4 3.50 .577 .289 2.58 4.42 3 4 

10% AK 4 3.25 .957 .479 1.73 4.77 2 4  

20% AK 4 3.00 .816 .408 1.70 4.30 2 4  

25% AK 4 3.50 .577 .289 2.58 4.42 3 4  

Total 16 3.31 .704 .176 2.94 3.69 2 4  
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Week 2  

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Minimum Maximum 

Lower Bound Upper Bound 

0% AK 4 3.50 .577 .289 2.58 4.42 3 4 

10% AK 4 3.25 .957 .479 1.73 4.77 2 4 

20% AK 4 3.25 .500 .250 2.45 4.05 3 4 

25% AK 4 3.50 .577 .289 2.58 4.42 3 4 

Total 16 3.38 .619 .155 3.05 3.70 2 4 
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Week 3  

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

0% AK 4 3.75 .957 .479 2.23 5.27 3 5 

10% AK 4 3.25 .957 .479 1.73 4.77 2 4  

20% AK 4 3.25 .500 .250 2.45 4.05 3 4  

25% AK 4 3.75 .500 .250 2.95 4.55 3 4  

Total 16 3.50 .730 .183 3.11 3.89 2 5  
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Week 4  

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

0% AK 4 4.25 .957 .479 2.73 5.77 3 5 

10% AK 4 3.50 .577 .289 2.58 4.42 3 4  

20% AK 4 3.75 .957 .479 2.23 5.27 3 5  

25% AK 4 4.00 .000 .000 4.00 4.00 4 4  

Total 16 3.88 .719 .180 3.49 4.26 3 5  

 

Week 5 

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

0% AK 4 4.25 .957 .479 2.73 5.77 3 5 

10% AK 4 4.00 .816 .408 2.70 5.30 3 5  

20% AK 4 4.00 .816 .408 2.70 5.30 3 5  

25% AK 4 4.50 .577 .289 3.58 5.42 4 5  

Total 16 4.19 .750 .188 3.79 4.59 3 5  
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Week 6 

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

0% AK 4 4.50 .577 .289 3.58 5.42 4 5 

10% AK 4 4.25 .957 .479 2.73 5.77 3 5  

20% AK 4 4.25 .500 .250 3.45 5.05 4 5  

25% AK 4 4.50 .577 .289 3.58 5.42 4 5  

Total 16 4.38 .619 .155 4.05 4.70 3 5  
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Week 7  

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

0% AK 4 5.00 1.155 .577 3.16 6.84 4 6 

10% AK 4 4.50 .577 .289 3.58 5.42 4 5  

20% AK 4 4.75 .957 .479 3.23 6.27 4 6  

25% AK 4 4.50 .577 .289 3.58 5.42 4 5  

Total 16 4.69 .793 .198 4.26 5.11 4 6  
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Week 8  

 N Mean Std. Deviation Std. Error 95% Confidence Interval for 

Mean 

Min Max  

Lower Bound Upper Bound 

0% AK 4 5.25 .957 .479 3.73 6.77 4 6 

10% AK 4 4.75 .957 .479 3.23 6.27 4 6  

20% AK 4 4.75 .957 .479 3.23 6.27 4 6  

25% AK 4 5.00 .816 .408 3.70 6.30 4 6  

Total 16 4.94 .854 .213 4.48 5.39 4 6  
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Appendix D  

 Initial and final body measurement of Boer goat kids 

Initial body measurements 

 n Mean Maximum Minimum 

Body length 16 48.06 ±1.05 54.0 39.0 

Hearth girth 16 24.84 ± 0.35 29.0 23.0 

Height at withers 16 53.31±1.15 59.0 44.0 

Hearth width back of 

withers 

16 13.13 ± 0.40 15.9 10.5 

Hearth depth 16 19.99 ± 0.31 22.0 17.5 

Legs girth 16 44.11 ± 0.67 47.0 39.0 

Final body measurement  

Body length 16 20.92 ± 0.79 26.65 14.35 

Hearth girth 16 68.62 ± 1.64 79.0 60.0 

Height at withers 16 59.23 ± 0.81 47.0 39.0 

Hearth width back of 

withers 

16 14.92 ± 0.42 19.0 13.0 

Hearth depth 16 23.72 ± 0.61 28.0 20.0 

Legs girth 16 57.35 ± 1.18 68.0 49.5 

 


