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ABSTRACT 

The objectives of this study were to quantify and characterize the nutritional content of milled 

Senegalia mellifera milled biomass obtained from nine blocks at Neudamm farm and to determine 

the dry matter intake (DMI), apparent digestibility and nitrogen retention in female Boer goats fed 

with Senegalia mellifera bush based feeds. Wood ash (WA), Polyethylene glycol (PEG, 6 000) 

and Biochar were evaluated as tannin deactivation methods. The milled biomass of S. mellifera 

was mixed using a clean concrete mixer with the following ingredients: yellow maize meal, liquid 

molasses; Marula oil press cake and coarse salt to formulate a complete diet with 14%CP and 

11MJ ME/kg. Detannification treatments methods were added at a level of 5 g per day during 

feeding time. Eight (8) female Boer goats, with an average initial body mass of 31.5 kg (± 2.5 kg), 

were used in the feeding experiment. The goats were penned individually in metabolic cages 

measuring 120 cm long, 54 cm wide and 90 cm above the ground, allowing for the total collection 

of faeces and urine separately. Clean water was available ad libitum to the goats during the entire 

feeding experiment. The goats were fed in a 4x4 cross over Latin square design with four periods 

of experimental feeding. Each period lasted for 17 days, resulting in 68 days of experimental 

feeding. The goats were fed twice daily at 09:00h and 16:00h. The level of dry matter (DM) of 

feed offered was 4% of body weight.  

The results obtained in this study showed that there was a significant difference (p <0.05) in the 

chemical composition of Senegalia mellifera milled biomass harvested from the nine blocks at 

Neudamm farm. The CP content of Senegalia mellifera milled biomass ranged from 9.39 to 9.68 

%DM while the NDF and ADF ranged from 59.17 to 64.33%DM and 43.77 to 48.01%DM, 

respectively. The condensed tannins (CT) content from all blocks did not differ (p >0.05) and had 

a mean of 0.02 to 0.03%DM as leucocyanidin equivalent (LE Absorbance at 550 nm).  
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The results obtained from the feeding trial showed that there was significant difference (p <0.05) 

in the organic matter (OM) and ash content of different treatment diets. The apparent digestibility 

coefficient of DM, OM and NDF were not significantly different among treatments and the control 

diet (p >0.05). Goats fed Biochar treated diet had the highest nitrogen intake (13.74g/d (p <0.05), 

faecal nitrogen of 8.43g/d (p <0.05) and nitrogen retention of 5.11g/d (p <0.05), while goats fed 

the control feed (CNT), PEG and WA were similar (p >0.05). All treatments resulted in a positive 

nitrogen retention (p >0.05) with mean values ranging from 3.79 to 5.11 g/d.  

The study concluded that, there was a significant difference (p <0.05) in the chemical composition 

of S. mellifera milled biomass collected from nine blocks at Neudamm farm. Given the high CP 

content of the S. mellifera, this fodder resource can be considered a suitable supplement for poor 

quality (low N content) natural pastures and crop residues such as grass hay, straw and stover. The 

study also concluded that, there was a significant difference (p <0.05) in the DMI, and nitrogen 

balance in Boer goats fed with S. mellifera feeds treated with Wood ash (WA), Polyethylene glycol 

(PEG, 6 000) and Biochar (BIO). The study therefore recommends that each detannification 

method should be tested at different rates of inclusion in S. mellifera bush based feed resources. 

  

Keywords: Wood ash, Biochar, PEG, condensed tannins, DMI, apparent digestibility coefficient 

(DM, OM and NDF) and Nitrogen. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background to the study 

In most southern African countries, livestock production systems are characterized by distinct wet 

and dry seasons. Namibia is one of the southern African countries rated (Mendelsohn, 2006) to 

have the driest climate with a wide regional variation in annual rainfall, from less than 20 mm in 

the Namib Desert and the coastal area to over 700 mm in the eastern strip of the Zambezi region. 

Although Namibia is associated with high temperatures and low rainfall in conjunction with 

frequent years of drought, livestock production remains the most contributor to the country’s Gross 

Domestic Product (GDP) from the Agriculture sector (National Development Plan no 4 of 

Namibia, 2012). 

According to the Namibian Livestock Census Report (NLCR, 2010), Namibia has an estimated 

2.2. Million cattle, 1.8 million goats and about 2.5 million sheep that contribute about 76 % to the 

overall national agricultural output. Depending on the rainfall received per year, Namibia exports 

about 80% of beef and mutton to the European Union (EU), which accounts for about 15% to the 

national income (NMBAR, 2011). 

Even though livestock contribute most to the agriculture sector, Namibian rangelands, where 

livestock are produced, is heavily encroached by invasive woody plants (Joubert, 2014). Bush 

encroachment is defined as the “the invasion and/or thickening of aggressive undesired woody 

species resulting in an imbalance of the grass: bush ratio, a decrease in biodiversity, and a decrease 

in carrying capacity”, causing severe economic losses for Namibia – in both the commercial 

(freehold) and communal (non-freehold) farming areas (de Klerk, 2004).  
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Bush encroachment especially by Senegalia mellifera (Black thorn) subspecies detinens has long 

been considered an environmental and economic problem in the rangelands of Namibia and in 

other southern African countries (Skarpe, 1991; de Klerk, 2004; Ward, 2005). Bush encroachment 

has affected Namibia on a massive scale, with two-thirds of the country affected (Bester, 1996), 

disturbing multiple ecosystems and land uses. About N$1.5 million farming economic losses are 

due to bush encroachment from the commercial rangelands (Honsbein et al., 2009) on which over 

65% of the national agriculture output is produced (Mendelssohn et al., 2003; Joubert, 2014). Bush 

encroachment has also negatively decreased the biodiversity and the carrying capacity of the 

rangeland (de Klerk, 2004), hence bush encroachment poses a major risk to animal feed security 

(de la Puerta, 2016).  

With Namibia being committed to halt bush encroachment, reactive interventions such as chemical 

treatments are forbidden, while biological control  using browsers and mechanical controls (cutting 

and felling and uprooting with bulldozers) are common in combating bush encroachment (de 

Klerk, 2004; Joubert, 2014). However, despite the afore mentioned interventions, bush thickening 

still remains a problem, partly caused by the fast regrowth of encroacher woody species (Lubbe, 

2010; Natalia et al., 2010; Joubert, 2014). 

Value chain addition to the harvested bush biomass has recently gained popularity (Honsbein et 

al., 2009; Joubert, 2014; de la Puerta, 2016),  since it does not only aim to pay back the costly 

debushing, but also develops the local market and create high valuable products out of the 

harvested bush biomass. Among these value chains, bush-based feed or bush feed has gained 

special interest (Honsbein et al., 2009; de la Puerta, 2016) since it has a potential to enhance 

livestock feed and food security. Bush-based feed refers to the production of animal feed in which 

the encroacher bush biomass is the main ingredient.  
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The ability of encroacher woody plants to remain green even during dry season postulates their 

ability to retain their protein content, hence makes them a valuable protein-rich livestock feed 

sources. Bush based feed production intervention advocates that, reduction of bush encroachment 

into optimal levels through selective harvesting and utilization of the harvested biomass can restore 

rangelands, strengthening the draught resilience of farmers, recovery of the costs invested in 

debushing  and enhances animal feed security. Bush feed production in Namibia has also 

demonstrated to be a viable possibility for farmers during drought periods as they are protein-rich 

feed sources; hence they can also be used as protein supplementary feeds throughout the year. 

1.2. Statement of the problem 

Even though bush feeds can be a viable protein rich livestock feed sources, it has to be stressed 

that forage feeds can also contain anti-nutritional factors or secondary plant metabolites such as 

tannins that can cause unpredictable effects on animals (Kumar and Vaithiyanathan, 1990; Dube 

et al., 2001; Makkar, 2003). Literature (Abdulrazak et al., 2001; Makkar, 2003a ; Osuga et al, 

2008) have also highlighted the use of different treatments to avoid the negative effects of anti-

nutritional factors especially tannins. Little information is available on the performance of animals 

fed with bush-based feeds in Namibia (Honsbein et al., 2009; de la Puerta, 2016). Regardless of 

notable findings of few farmers using bush-based feed in Namibia, enough scientific knowledge 

is still lacking on the use of bush-based feed such as the chemical or nutritional value of the bush 

feeds.   

In addition, treatment of bush based feed to avoid detrimental effects of anti-nutritional have not 

receive any attention and there are no scientific proof of levels of treatment inclusion in bush feeds. 

Purely, there is economic uncertainty. Moreover, there is no scientific research in Namibia that 
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has been conducted to explore the potential of local treatment methods that can deactivate anti-

nutritional factors such as the tannins in bush based feeds. 

1.3. Objectives of the study 

1.3.1. General objective  

The overall objective of the research study was to quantify and characterize the nutritional content 

of S.mellifera bush based feed and to determine the intake, digestibility and nitrogen balance of 

Boer goats fed with S.mellifera bush-based feeds.  

1.3.2. Specific objectives  

 To determine (Quantify and characterise) the chemical composition of S. mellifera bush 

based feed (leaves and twigs of less than 5cm) collected in nine blocks at Neudamm farm. 

 To determine the feed intake, apparent digestibility and nitrogen balance in female Boer 

goats fed with S. mellifera supplementary feeds treated with or without different anti-

nutritional deactivating ingredients. 

1.3.3. Hypotheses of the study  

HO: There is no significant difference in the chemical composition of S. mellifera bush based feeds 

fractions (leaves and twigs (less than 5cm)) collected in nine blocks at Neudamm farm. 

HO: There is no significant difference in the feed intake, digestibility and nitrogen balance in goats 

fed with S.mellifera feeds treated with or without different anti-nutritional deactivating ingredients. 

1.4. Significance of the study 

The outcome of this study contributes to both Namibians communal and commercial farmers 

whose rangelands are affected by bush encroachment through effectively means of utilizing the 
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encroacher bush to their full potential as animal feed/fodder and also processing the same woody 

plant into activated charcoal and wood ash as anti-nutritional treatments of tannins and other 

secondary metabolites. This study also indirectly provides means to develop the local feed market 

while restoring the rangeland through sustainable production of animal feed and also enhances 

animal feed security. 

The determination of the nutritional composition of encroacher species is an imperative necessity 

in the formulation of bush based feeds. Employing appropriate and effective local processing 

techniques or combination of techniques could help reduce or neutralize the negative effect of anti-

nutritive constituents in these protein rich bush feed for livestock nutrition. The in vivo experiment 

of this study will provide insight on the feed intake, digestion and the nitrogen balance of the bush 

feed. This research study is therefore encouraging, both in terms of value addition to the production 

of bush feeds and the prospect that, the targeted encroacher species can be utilized to the full and 

at improved extent. 

 

 

 

 

 

 

 



6 
 

CHAPTER 2 

LITERATURE REVIEW 

2.1. Introduction  

Livestock production covers approximately over 30% of global arable land (FAO, 2008a). Given 

the fast depletion of natural resources, exponential growing human population with its pressure 

and rising living standards, it has become extremely important to diversify the current animal 

agriculture to meet increasing demand for animal products (USDA, 2011). According to FAO, 

(2008a) the global meat and milk consumption is expected to rise from 568 to 700 million tonnes.  

The area of livestock production that calls for critical examination is the availability of feed 

resources (FAO, 2008a). The interest in search for alternative/additional food and feed ingredients 

is of paramount importance mainly because of the global demand for grains that has exceeded the 

production and stiff competition between man and the livestock industry for existing food and feed 

materials (McClaran et al., 2013). 

In addition, the depletion of soil quality, lack of water and climate change continues to affect the 

productivity of crops and forage plants, impacting adversely the animal productivity (Pearson and 

Langridge, 2008). According to FAO (2008b), a quarter of the world’s population is sustained by 

production on degraded soils, given the fact that 20% of all cultivated areas, 30% of the forests 

and 10% of grasslands presently undergoing degradation. The biggest challenge therefore for 

animal nutrition scientists is to introduce and promote alternative feed resources that have high 

nutritive value and are adapted to harsh environmental conditions (USDA, 2011). Given the 

ongoing climate change, harsh conditions are also expected to occur: High temperature, droughts, 

flood and drastic climatic variations, with the greatest impact to be felt among subsistence or 
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smallholder farmers in developing countries (Marton, 2007).  According to Sansoucy (1994) wild 

under- utilized plant resources must therefore receive more attention as alternative livestock feed. 

Shelton and Brewbaker (1994) highlighted that the commonly grown trees and shrub legumes that 

have gained wide acceptance by farmers were lesser-known about 30-50 years ago. Such forage 

and shrub trees include: Sesbania sesban, Gliricidia sepium, Calliandra calothyrsus and Leucaena 

species, just to mention a few. According to Devendera (1993), Leucaena species has received the 

most attention as animal feed and has been cultivated over large areas of the tropics. This also 

applies to soybean meal, rapeseed meal and many other feed resources that were lesser known or 

unconventional some decades aback. 

There are several other lesser-known and underutilized forage adapted to local, harsh conditions 

available today that have marvelous potential as livestock feed. The inattention of potentially 

excellent animal feed resources also results in loss of plant biodiversity. According to FAO (2010), 

over 75% of plants have become extinct in the last five decades largely because these were not 

being utilized. Thus, there is a need to identify such potential feed resources and use them to 

conserve biodiversity. 

2.2. The concept of bush encroachment in Namibia 

Bush encroachment is often seen as one of the most extensive forms of degradation in Southern 

African rangelands (de Klerk, 2004). This phenomenon is common in the arid and semi-arid 

biomes around the world (Skarpe, 1990; Eldridge et al., 2011). The accepted definition for bush 

encroachment in Namibia by de Klerk (2004) is the following: “Bush encroachment is the invasion 

and/or thickening of aggressive undesired woody species resulting in an imbalance of the grass: 

bush ratio, a decrease in biodiversity, a decrease in carrying capacity and concomitant economic 

losses”. Other definitions of bush encroachment include: “Rangeland on which the density of bush-
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equivalents (a 1.5 m high bush) per hectare exceeds twice the average annual rainfall” (Smit cited 

by de Klerk, 2004). “The invasion of woody species in areas that have always had either very low 

density of trees and shrubs or have been devoid of them” (Mannheimer and Curtis, 2009). 

The primary causes of bush encroachment on savannahs include a reduction in the frequency of 

fires and overgrazing of livestock (Ward, 2005; Kgosikoma and Mogotsi, 2013). When the grass 

layer on savannahs loses its competitive advantage and its ability to utilize nutrients and water 

efficiently, higher infiltration of water and nutrients into the sub-soil results; a situation that 

benefits bush and tree species, allowing them to predominate (de Klerk, 2004). Bush encroachment 

is also accompanied by a change in the dominant grasses: perennial grasses are often lost, being 

replaced by annual species often of inferior quality for livestock (Scholes and Archer, 1997. 

Rothauge, 2007). Annual grasses are generally less productive than perennial grasses. Thus, 

animal production on an annual grass sward is very precarious and less sustainable. 

In addition, an important theory is the State-and-Transition Model (Walter, 1971), which states 

that savanna ecosystems are event-driven, where rainfall and its variability play a more important 

role in vegetation growth (and composition) than the intensity of grazing. This model implies that 

bush encroachment is not a permanent phenomenon, and that a savanna can be changed to its grass-

dominated state by favourable management or environmental conditions (Doughill et al., 1999). 

Woody plants establish themselves after dry periods followed by a few wet years, and then 

maintain themselves by utilising most of the water. Rather than a steady annual increase in 

numbers, the general rule is that woody plants establish in large numbers during certain years and 

at varying intervals (Donaldson, 1968). 

Bush encroachment therefore occurs rapidly and associated or triggered by management practices, 

natural events, or a combination of these factors. Increasing level of bush thickening have caused 
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the demise of large trees (Mannheimer and Curtis, 2009). The smaller trees ‘suffocate’ the larger 

ones by using up much of the shallow soil moisture, depriving the large trees of water. Trees such 

as Acacia erioloba possess a long tap root that gives them access to deep groundwater but they 

also depend on moisture gathered from their other superficial roots. 

Namibia’s bush encroached areas fall mainly within the semi-arid savannas, with rainfall varying 

from about 300 mm in the west to over 600 mm in the north-eastern parts (Mendelsohn et al., 

2003). It is typically reported “26 to 30 million hectares of Namibia are encroached”. This figure 

is based on the map compiled by Bester (1999) as shown in Figure 2.3, showing the density per 

hectare of dominant encroacher bushes in Namibia. 

Namibia is affected by bush encroachment on a massive scale (SAEIA, 2016) as shown in Figure 

2.1. The phenomenon affects an estimated 26 to 30 million hectares of farmland in 9 of the 

country’s 14 regions (Bester, 1999). That amounts to roughly 30 per cent of Namibia’s land area. 

Recent studies estimate an increase in bush encroachment up to 45 million hectares (SAEIA, 

2016).  
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Figure 2. 1.The total extent of bush encroachment in Namibia (Source: SAEIA, 2016). 

 

Namibia is affected by the invasion of alien invasive and indigenous encroacher species, of which 

some of these species covers hectares of land, stated to be encroached (SAEIA, 2016). Encroacher 

and invasive species are common terms used interchangeably although both contribute to bush 

encroachment they do not have the same meaning. 
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The term invasive is used to describe organisms that spread quickly and are considered as harmful 

species to the environment. Invader species are often considered a problem as they tend to alter 

ecological relationships among other species and can affect economic value of ecosystems.  

Several plants have been categorized as indigenous encroacher species (SAEIA, 2016) Figure 2.2, 

with different densities in Namibia rangelands. These species include: Acacia mellifera, Acacia 

reficiens, Colosphospermum mopane, Dichrostachys cinerea, Terminalia prunoides, Terminalia 

sericea, and Rhigozum trichotomum and among others (Bester, 1999; De Klerk, 2004; Joubert et 

al., 2013; SAEIA, 2016).  On the other hand other indigenous woody species classified as of lesser 

importance include, Combretum collinum (mainly in Zambezi Region), Acacia hebeclada, Acacia 

erubescens, Acacia fleckii, Acacia mearnsii and Acacia nilotica. While the Invader species 

include: Prosopis species, Leucaena species and Lantana species.   

The most widely spread and dangerous alien invasive in Namibia is Prosopis glandulosa. Prosopis 

is mainly confined to riverbeds and adjacent areas where they tend to outnumber and eliminate 

other indigenous species and reducing ephemeral flow in river beds through abstraction of ground 

water.  

Bush encroachment by the above-mentioned species has lowered the productivity of land and its 

grazing capacity (Joubert et al., 2013) by more than two-thirds and impacts negatively on 

groundwater recharge (Colin, 2010), biodiversity and other ecosystem services (SAEIA, 2016). At 

the same time, encroacher bush can deliver valuable biomass resource. Thus, bush control offers 

the potential to increase agricultural productivity, economic growth, employment energy supply 

and fodder for livestock. Furthermore, bush encroachment decreases the diversity of habitat 

structure (Cunningham, 1997) thereby influencing for example native savannah lizards (Meik et 

al., 2002) and some bird species (Sirami and Monadjem, 2012).  
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Figure 2. 2. The extent of bush encroachment in Namibia and the overall distribution of dominant 

encroacher species (Source: SAEIA, 2016). 
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Figure 2. 3.The density dominant encroacher bushes in Namibia (Source: Bester, 1999). 

 

Bush encroachment by Acacia mellifera (Vahl) Benth. Subsp. detinens (Burch.) Brenan and 

Dichrostachys cinerea (L.) Wight and Arn, has long been considered an ecological and economic 

problem in the rangelands of Namibia (Walter, 1971) as well as in other southern African countries 

(Skarpe, 1991; Roques et al., 2001; Ward, 2005). The area affected by bush encroachment in 

Namibia is estimated to be about 260 000 km2 (De Klerk, 2004). 
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This bush encroached area affects parts of at least seven vegetation types in Namibia, namely 

Mopane Savanna, Mountain Savanna and Thornveld, Thornbush Savanna, Highland Savanna, 

Camelthorn Savanna, Forest Savanna and Woodland (Giess, 1998). The bush encroached areas 

fall within the arid and semi-arid savannas with rainfall varying from about 300 mm in the west to 

about 500 mm in the north-eastern parts. 

The prevailing perception in Namibia is that bush encroachment in arid savannas is largely a fairly 

recent phenomenon. Bester (1996) notes that, although it had already begun earlier, it was really 

since the late 1950s and early 1960s that the process dramatically accelerated. This was considered 

to be the consequence of a prolonged and severe drought in conjunction with an outbreak of foot-

and-mouth disease which prevented farmers from destocking their already depleted rangelands.  

The resultant overgrazing thus released the woody layer from much of the grass competition, 

allowing the shrubs to grow much quicker and thicken up. Yet, this perception has never really 

been tested, and most of the evidence for bush encroachment during the 20th century in Namibia 

is anecdotal. There is little or no scientific evidence available to prove or disprove the perception 

that the major problem has indeed occurred in the last 60 or so years. 

Interestingly, anecdotal evidence from early explorers suggests that some landscape scale bush 

encroachment occurred as early as the 1850s (de klerk, 2004). Surprisingly little research, besides 

the occasional documentation of bush densities and cover (Bester, 1999), has been conducted in 

Namibia, and few studies aside from that of Wiegand et al. (2006) and Kambatuku et al. (2011) 

have attempted to understand the dynamics and processes in Namibian arid savannas. Instead, our 

received wisdom is drawn from other studies, mostly from South Africa and mostly from more 

mesic savannas. Despite this paucity of local research on bush thickening, much of the blame for 

the declines in rangeland and beef production has been placed with bush encroachment, and 
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enormous amounts of money and effort have been put into treating the existing symptoms (De 

Klerk, 2004). 

2.3. Woody plants as fodder for livestock 

Woody plants (indigenous trees and shrubs) forms a major component of the diet of large and 

small livestock in Africa and Asia (Salem and Smith, 2008). The edible part of the woody plants 

such as the leaves, twigs, flowers, fruits and pods is referred to as the browse. Trees and shrubs 

provides protein, vitamins and relative mineral elements mostly during dry seasons as a result of 

poor rainfall and prolonged drought in arid and semi-arid areas (Salem and Smith, 2008).  

A tree is defined as a woody plant with one stem or trunk branching well above the ground, while 

a shrub is defined as a bush with a number of stems or more or less equal size arising from near 

the ground and often branching low down (Mannheimer and Curtis, 2009).Woody plants 

especially those of the genus Acacia are reported to have adapted to semi-arid regions and have 

widely spread in most South African countries such as Namibia, South Africa, Botswana and 

Zimbabwe in particular. Woody plants such as the Acacia species and Dichrostachys cinerea have 

foliage that grows in the dry season and ruminant consumes them (Mlambo and Mapiye, 2015). 

The use of tree pods as dry season protein supplement has been reported in literature (Sibanda and 

Ndlovu, 1993; Kindness et al., 1999; Sikosana et al., 2000b; Mlambo et al., 2004; Smith et al., 

2005b). A study by Chepape et al. (2011) in South Africa reported that Dichrostachys cinerea was 

the most preferred species by both cattle’s and goats. Sanon et al. (2007), reported the importance 

of Sahelian Browse as feed for goats in Burkina Faso. Aganga and Tswenyane (2003) reviewed 

the nutritive value of various browse species in Botswana. Ansah and Nagbila (2011) reviewed 

the importance of local trees and shrubs as feed for livestock and medicinal purpose in Ghana. 
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Njarui and Mureithi (2004) reported that forage production systems such as Leucaena 

leucocephala and Gliricidia sepium cultivation were promoted in smallholder dairy farms in 

Kenya.  

According to Sanon et al. (2007) the most important part of the edible woody plant biomass is not 

directly accessible to the animals due to the height of the trees and shrubs hence Njarui and 

Mureithi (2004) reported that trees and shrubs can be cut through a “cut and carry system” and fed 

to animals as supplements. 

2.4. The Namibia livestock sector, challenges and opportunities 

The livestock sector currently constitutes the world’s largest user of natural resources (FAO, 

2009), with 80% of all agricultural land used for grazing or animal feed production and 8% of the 

global water use, primarily for irrigation of feed crops (Steinfeld et al., 2006). Livestock sector is 

also among the top significant contributors to local and global environmental problems (FAO, 

2010). However, in a global circular bio-economy, livestock have many valuable roles (FAO, 

2011) such as to provide sufficient protein-rich, safe and healthy food for humans;  regulate the 

ecological cycles and close the nutrient loop; contribute to a more efficient agriculture by 

valorizing food-chain by-products ; to improve soil fertility by the use of grassland and proper 

spreading of manure; provide raw material for renewable energy and valuable by-products;  

provide ecosystem services linked to the vitality of diverse territories, employment in rural areas; 

landscape and biodiversity preservation and cultural heritage. Hence, it is essential to develop 

animal friendly production systems that meet the physiological and behavioural needs of farm 

animals. 
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In Namibia, livestock contribute 70% to the agricultural output (NPC, 2012), and serve various 

roles to communities including cash, wealth, sustenance and food security, draught power, manure, 

employment, skins, dowry, ecosystem health and exchange for other farm produce. Owing to 

climate, soil types and evapotranspiration rates, Namibia is better adapted to livestock-based as 

opposed to arable agriculture (NPC, 2012)  

Livestock farmers in communal areas of Namibia hold approximately 62% of the total cattle 

population, 72% of the goats and 17% of the sheep, this being mainly confined to the northern part 

of the country (MAWF, 2014). Households herd sizes within communities vary considerably 

between and within regions, and livestock ownership is strongly skewed, with a small number of 

people owning large herds and a majority owning few animals or none at all (Sweet & Burke, 

2000). 

Livestock keeping in Namibia is known for its feed quantity and quality problems, especially 

during the dry seasons (NMBAR, 2011). Forages are normally dry and contain very little protein 

and minerals (NMBAR, 2011; MAWF, 2014). This leads to a deterioration of the animal body 

condition, a higher susceptibility to diseases and the death of large numbers of animals during 

extended dry seasons, when not providing supplement feeding or moving animals to areas with 

better grazing opportunities.  

The reproductive performance becomes impaired because of an excessive loss of condition and 

weight (Masunda, 2002a). According to official figures the productivity in communal areas is 

indeed low, when measured against the marketed output (MAWF, 2014). While 42% of the 

national cattle herd is owned by communal farmers, their contribution to meat production is at 

only 4% (NMBAR, 2011).  
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Distant markets limit the development of farming in the communal areas and agricultural incomes 

are low and variable (NMBAR, 2011). Livestock supplies many non-marketed products and 

services, the value of which is not fully reflected in the national accounts (Jones, 2003). These 

include draught power, milk, hides, meat, manure and a traditional form of savings for rural 

communities. 

The success of livestock farming on Namibian communal land has depended on mobility, as a 

strategy for ensuring access to water and pasture, in the past (Jones, 2003). However, the provision 

of permanent boreholes, an increase in the human population and the development of large 

permanent settlements have helped to reduce the possibility of maintaining mobility as a range 

management strategy (Blackie, 1999).  

High variability of rainfall (inter-annual, intra-seasonal and spatial) (Mendelsohn et al., 2002), and 

the distinct seasonal changes of the amount of rangeland fodder resources, as well as their quality, 

are typical characteristics of semi-arid and arid rangelands of Namibia, with which livestock 

farmers have to cope when applying farming strategies on which the success of the entire livestock 

production  depends. The total annual rainfall varies greatly from year to year, with a coefficient 

of variation (CV) from 20% up to 80%, following the rainfall gradient from northeast to southwest 

(Mendelsohn et al., 2002), and in the southwest is a higher risk of droughts than in the northeast.  

Estimating the forage usage and requirement of livestock in semi-arid areas, and getting an idea of 

the carrying or grazing capacity is important, especially for the communal areas, in order to prevent 

the degradation and desertification of rangelands in the uncertain climate conditions of Namibia. 

A sustainable exploitation seems to be possible to a certain threshold, after that, the danger of 

irreversible degradation prevails. Rural people’s livelihoods depend to a high degree of 

naturalresources (Flower & von Rooyen, 2001; Gundy, 2003). 
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Moreover, few studies have integrated browsing resources in their rangeland resource assessments 

in Southern Africa (du Toit, 1974; Walker, 1980; Huntley, 1982; Rutherford, 1982; Knemeyer, 

1985; Dekker & Smit, 1996; Moleele, 1998; Mphinyane, 2001and 2003; Kamupingene and Abate, 

2004; Dube et al., 2006). Some were applied on communal grazing areas in Botswana (Moleele, 

1998; Mphinyane, 2001) and in Namibia (Kamupingene and Abate, 2004; Dube et al., 2006), 

making claim to be the classical papers. 

Browse consists of leaves and twigs from shrubs and trees available to ruminants as feed and in a 

broader sense including also flowers, fruits or pods (Kamupingene and Abate, 2004). The notion 

of browse is a complex issue, depending on plant species, animal species, forage availability and 

accessibility and the nutritional state of the animals (Mphinyane, 2003).  

Browse is of high importance as fodder resources during dry seasons and droughts, especially for 

communally managed, mainly free roaming mixed livestock herds, and it is often not integrated in 

carrying capacity calculations (Dube et al., 2006). Multiple uses of woody plants include soil 

maintenance and protection against erosion, it is a source of energy (fire wood), people use it as 

construction material and with the shade trees and bushes reduce water loss from the soil (Gundy, 

2003). 

2.5. Description of black thorn (S.mellifera), a dominant encroacher species in Namibia and 

a potential fodder tree for livestock.  

Acacia mellifera (M. Vahl) Benth, subsp. detinens, was renamed Senegalia mellifera (Vahl) 

Seigler and Ebinger in 2010 (USDA, 2014). Nevertheless, since most papers refer to Acacia 

mellifera, it was decided to use this taxon in datasheets until Senegalia mellifera gains more 

widespread recognition (USDA, 2014). Its common name are: Black thorn, wait-a-bit, hook thorn 
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[English]; Swaarthaak, blouhaak, hakiesdoring, wynruit [Afrikaans];Katogwa, muguhungu, 

mukotokwa, umngaga [Ndebele]; Monga, mongana [Tswana]; Mongangatau [Northern Sotho]; 

Munembedzi [Tshivenda]; Monkana [Siswati]; Oiti, eiti [Arusha, Masa]; Mkambala, mvugala 

[Gogo]; Ghaland [Gorowa]; Yudegi, yudek [Iraqw]; Mangerada [Mbugwe]; Mujujumi [Nyaturu]; 

Kitr [Sudan]; Bilel, laner, lanen [Somali]; Kikwata [Swahili]; Tselim kenteb [Tigrigna]; 

Mupandabutolo [Tongan]. 

 

Figure 2. 4. Senegalia mellifera subsp detinens (Source: Kruger, 2016). 

The black thorn (Senegalia mellifera (M. Vahl) Benth.) is an African shrub or tree growing to a 

height of up to 9 m. It has an extensive root system that explores large volumes of soils, allowing 

survival in dry areas (Hines et al., 1993). It has a tangled, flat-topped canopy that may reach down 

to ground level, with branches that bear pairs of black hooked thorns (Figure 2.4) every 5 to 15 

mm. The leaves are bipinnate with only 1-2 pairs of pinnae each bearing 1-2 pairs of ovate or 

obovate leaflets. Leaflets are 3.5-15 mm long x 2-12 mm broad. Initially green, black thorn leaves 

become glaucous with maturity. The flowers are fragrant, sweetly scented, 3-5 cm long and creamy 



21 
 

white in colour, borne in dense hanging spikes. The fruits are straw coloured flat pods, 3-8 cm 

long x 1.5-2.5 cm wide that contain three seeds. The tree lives less than 10 years (Hines et al., 

1993; Orwa et al., 2009; Nonyane, 2013; FAO, 2014). 

Figure 2. 5. The distribution of Black thorn (Senegalia mellifera) worldwide (Source: Orwa et al., 

2009). 

The tree is a drought-resistant species widely spread in arid and semi-arid areas of Africa and the 

Arabian Peninsula. According to Stuth et al. (1990) it can be found from 1000 to 1400 (-1500) m 

above sea level in Kenya. This plan specie is found in regions with 400-800 mm annual rainfall 

and also in regions with a minimum of 100 mm rainfall (Stuth et al., 1990).  

S. mellifera trees grows in groups of pure, dense, impenetrable and even-aged thickets (Orwa et 

al., 2009; Nonyane, 2013; FAO, 2014). The tree can be vegetatively propagated or sown (Stuth et 

al., 1990). It is a slow-growing tree that is sensitive to cold and frost in the early stages of 
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development (CIRAD, 1991). Fadel et al. (2002) recommended that S. mellifera seedlings are very 

palatable to livestock and should be protected during the first two years.  

However, bush encroachment can occur, when left unattended, the trees form dense and 

impenetrable thickets, (Orwa et al., 2009; Nonyane, 2013; de Klerk, 2004). This phenomenon can 

be controlled with fire, chemicals and mechanical harvest (Orwa et al., 2009; FAO, 2014). Because 

they can form dense impenetrable thickets, S. mellifera often outcompete grasses in dry areas and 

become the only remaining species, causing a considerable reduction in seasonal grass yields (32-

40% in Zimbabwe and 41% in the Eastern Cape) (Kraaij et al., 2006).  

2.5.1. Chemical composition of S.mellifera and other common browse trees in Southern Africa. 

Fadel et al. (2002) reported that S. mellifera foliage has a high crude protein (CP) content that 

ranges from 15 to 17% CP, while Honsbein et al. (2017) (Table:2.1) reported CP content of 

8.5%DM and a low organic matter digestibility of 46-48%.The variable amounts of acid detergent 

fibre (ADF) ranges from 17-34% according to Fadel et al. (2002) whilst Honsbein et al. (2017) 

reported ADF values of 46-57%. As in other browse species, the composition is extremely variable 

(Osuga et al., 2007) due to the different proportion of leaves, petioles and twigs collected by 

researchers (Fade et al., 2002; Osuga et al., 2007, Heuze and Tran , 2015).  

Like other Acacia species, S. mellifera foliage contains tannins, however the reported tannin 

content is extremely variable (Fade et al., 2002; Osuga et al., 2007). Condensed tannins have been 

found to be present either in low amounts of 0.2% DM (Osuga et al., 2007), or in much larger 

quantities: in Sudan, from 1.4% DM in the early dry season (late October) to 5.7% DM in the late 

dry season (early June) (Fadel Elseed et al., 2002). Honsbein et al. (2017) reported the NDF 

content of 57.92% in S.mellifera fractions in Namibia while Heuze and Tran (2015) (Table: 2.1) 

reported the NDF content of 33.35. 
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Table 2. 1. The chemical composition and nutritive value of S.mellifera  

MAIN ANALYSIS UNIT Heuze and Tran (2015) 

(Leaves) 

Honsbein et al. (2017) 

(Leaves & twigs) 

Dry matter % as fed 34.1 94.92 

Crude protein %DM 20.5 8.51 

Crude fiber % DM 18.1 - 

NDF % DM 33.3 57.91 

ADF % DM 23.1 46.57 

LIGNIN % DM 7.0 - 

Ether extract % DM 3.5 1.50 

Ash % DM 9.6 - 

Gross energy MJ/kg DM 18.3 - 

Calcium g/kg DM 19.3 - 

Phosphorus g/kg DM 1.2 - 

Tannins g/kg DM 47.0 - 

ME ruminants (gas 

production) 

MJ/kg DM 8.2 - 

OM digestibility % 55 46.48 

 

Osuga et al, (2008) reported  in Kenya that black thorn was ranked 4th and 3rd , in a comparison 

study with Acacia brevispica, Ziziphus mucronata, Berchemia discolor and Maerua angolensis, 

in the palatability of goats and had a better palatability index than Leucaena leucocephala for 

https://www.feedipedia.org/node/18574
https://www.feedipedia.org/node/81
https://www.feedipedia.org/node/282
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sheep (Abdulrazak et al., 2001). Black thorn is a multipurpose tree (FAO, 2014) and according to 

Orwa et al. (2009), the leaves, pods and young shoots are nutritious and make fodder for livestock 

and wild animals. Black thorn is readily browsed by sheep and goats.  The plant is also often 

browsed by camels, and wild animals such as black rhinos, kudus, elands and giraffes (Orwa et 

al., 2009).   

Goats are particularly fond of the leaves, which constitute a considerable part of their diet 

(Nonyane, 2013). Fallen browse (dry leaves and pods) are eaten on the ground by cattle and sheep 

who, unlike camels and goats, are less likely to browse (Orwa et al., 2009). According to 

Abdulrazak et al. (2000), S. mellifera is a good browse species for all classes of domestic and wild 

ruminants in arid and semi-arid regions. Predominantly, it provides valuable protein 

supplementation to livestock (Osuga et al., 2007).This is in support by Stuth et al., (1990) who 

sated that the overuse of S. mellifera for firewood is of concern for goat production in Kenya. The 

flowers of S. mellifera are attractive to bees, which produce a high quality honey, hence the name 

mellifera (Hines et al., 1993; Orwa et al., 2009; Nonyane, 2013; FAO, 2014).The bark is used in 

ethnomedicine to treat stomach problems, sterility, pneumonia, malaria and syphilis 

(Rulangaranga, 1989 cited by Hines et al., 1993). 

According to Crowder and Cheddah (1982), the nutritive value of browse refers the chemical 

composition, intake, digestibility and the exploitation of absorbed food and nature of the digested 

products. The scholars reported that, the quality of forages is determined in terms of chemical 

composition, digestibility of plant constituents and amount of feeds consumed by ruminants. 

Conversely, the total amount of the forage materials eaten by animal is an important factor upon 

animal response as it affects total intake of nutrients and consequently influences animal 

production. Outcomes validated in different literature shows variable chemical composition 

https://www.feedipedia.org/node/2594
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among various browse fodder species ranging from 35-60, 107-300, 154-511, 14-396 and 51-206 

g/kg DM, for ash, crude protein(CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) 

and acid detergent lignin(ADL), respectively (Sawe et al.,1998; Abdulrazak et al., 2000 

(Table:2.2); Rubanza et al., 2003a,b). 

Dominant browse foliage species in the literature contain intermediate to extraordinary 

concentrations of crude protein ranging from 120 to 292 g/kg DM (Reed et al., 1990; Abdulrazak 

et al., 2000a, b; Mokoboki et al., 2006).The high CP values of browse tree and shrub legumes put 

forward their potential as CP supplements to ruminants fed low quality roughages. In contrast, 

palatable grasses especially during dry season or at maturity contain low CP which is lower than 

the minimum CP requirements of 80 g/kg DM (Annison and Bryden, 1998). Neutral detergent 

fiber (NDF) is considered to be a standard measure of the incompletely digestible cell wall 

contents, but this also varies in the amounts between species and ranges from 154 to 619 g/kg DM 

(Topps, 1992; Mtengeti et al., 2006). Van Soest (1994) reported that NDF for forage species ranges 

from 540 to 770 g/kg DM. Honsbein et al. (2017) reported CP content of 8.5%DM and a low 

organic matter digestibility of (46-48%).Increasing levels of NDF limits dry matter intake (Van 

Soest, 1994). Most browse tree foliage species have adequate to low contents of fibers. Mokoboki 

et al. (2011) reported low ADF for Acacia hebeclada (145 g/kg DM) and Acacia siberiana (165 

g/kg DM) which could be associated with high digestibility. Mtui et al. (2009) reported low ADL 

which ranged from 33 g/kg DM in Morus alba to 110g/kg DM (Gliricidia sepium). 

2.5.3. Digestibility of S. mellifera 

In a comparison of 15 indigenous browse species in Kenya, Ondiek et al. (2010) noted that  S. 

mellifera was in the middle of the range for in vitro DM degradability (56%) and in vitro (gas 

production) OM digestibility (54%), with lower values than those of Maerua angolensis 

https://www.feedipedia.org/node/14930
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and Ziziphus mucronata. Honsbein et al. (2017) (Table: 2.2) reported a low organic matter 

digestibility of 46-48%. In another experiments aimed at alleviating the effect of acacia tannins on 

protein digestibility, the addition of PEG (polyethylene glycol) to black thorn foliage did not 

increase gas production, probably because the black thorn does not contain large amounts of 

tannins (Osuga et al., 2007; Wambui et al., 2012).  

According to Wambui et al. (2012), the addition of brewer’s yeast increased gas production in a 

browse mixture containing Berchemia discolor and black thorn in a 1:1 ratio. Moreover, Osuga et 

al., (2007) and Wambui et al., (2012) reported that probably because the black thorn does not 

contain large amounts of tannins, the addition of PEG (polyethylene glycol) to black thorn foliage 

did not increase gas production, in an experiment aimed at alleviating the effect of tannins on 

protein digestibility. 
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Table 2. 2. Chemical composition (g/kg DM) of common browse trees in Southern Africa. 

BROWSE SPECIES CP NDF ADF ADL ASH Source 

Acacia tortilis 141 195 169 42 41 Abdulrazak et al (2000) 

Acacia mellifera 194 269 192 77 n.a Abdulrazak et al (2000) 

Melia azedarach 141 n.a n.a n.a 53 Mtui et al (2009) 

Acacia senegal 238 245 141 52 77 Ndlovu et al (2000) 

Salvadora persica 184 333 213 71 171 Rubanza et al (2006) 

Boscia spp 231 370 257 81 143 Rubanza et al (2006) 

Morus alba 186 246 208 81 143 Shayo (1997) 

Acacia hebeclada 226 379 145 n.a n.a Mokoboki et al (2011) 
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2.7. Mineral content of browse tree 

Minerals are essential for normal growth, reproduction, health and proper functioning of the 

animal's body (McDowell, 1992). Minerals safeguard and maintain the structural constituents of 

the body, organs and tissues, and are ingredients of body fluids and tissues as electrolytes (Rubanza 

et al. 2006). Minerals have catalytic functions in the cells as well as maintaining acid-base balance 

and osmotic control of water circulation within the body (McDonald et al., 1995; Mtui et al., 2008). 

Minerals are divided into macro and micro minerals based on their requirements in the animal 

body (McDowell, 1992). 

Macro minerals are present at larger levels in the animal body or required in larger amounts in the 

diet (Mtui et al., 2008). Macro minerals include calcium, chlorine, magnesium, phosphorus, 

potassium, sodium, and sulfur. Most of tropical forages are documented to have calcium (Ca) 

levels ranging from 8.6-10.2 g/kg DM (Minson, 1990; Rubanza. 2005). Rubanza et al. (2006) and 

Mtui et al. (2008) reported a high range of Ca (6.6-35.6) g/kg DM. Calcium and Phosphorus ratio 

acclaimed for normal physiological function of ruminants is 2:1 (McDonald et al., 1995).  

Browse species in most cases have much higher Ca: P than the requirements of the animal such as 

that described by Rubanza (2005) of (6.6:1-31.5:1) and Rubanza et al. (2006) of 13.8:1-55.1:1. 

Phosphorus levels for most browse species range from 1-5 g/kg DM as noted by Rubanza et al. 

(2006), Mtengeti et al. (2006) and Mtui et al., 2008). However, Abdulrazak et al. (2000) noted 

low P concentrations in Acacia species ranging from 0.7-1.6 g/kg DM. Magnesium concentrations 

in browse species in most legumes have range from 1.3-6.6 g/kg DM (Abdulrazak et al., 2000; 

Rubanza et al., 2006; Mtengeti et al., 2006 and Mtui et al., 2008). Sulfur contents in Acacia species 

were reported to range from Acacia brevispica (0.7 g/kg DM) to Acacia nubica (6.6 g/kg DM) 

(Mtui et al., 2008). 
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In contrast, micro minerals are often referred to as trace minerals, meaning they are present at low 

levels in the body or required in smaller amounts in the animal’s diet (Abdulrazak et al. 2000; 

McDowell, 1992). Micro minerals include chromium, cobalt, copper, fluorine, iodine, iron, 

manganese, molybdenum, selenium, and zinc (McDowell, 1992).  

Then concentrations of sulfur in most tropical legumes range from 15-35 mg/kg DM (Minson, 

1990). Concentrations of Cu reported by Kakengi et al. (2007) and Rubanza et al. (2006) ranged 

from 5.1-9.9 mg/kg DM. However, Abdulrazak et al. (2000) noted high concentration of Cu in 

Acacia Senegal.  Rubanza. (2005) reported high contents Fe for tropical browse species that ranged 

from 146.2-432 mg/kg DM. However, the minimum Fe requirement for ruminants is 30-60 mg/kg 

DM and17 the Fe contents for most tropical forages and legumes range from 100-700 mg/kg DM 

(McDowell, 1992). 

Manganese contents for browse species as reported by Rubanza. (2006) ranged from 44.6-306 

mg/kg DM. However, Abdulrazak et al. (2000) and Kakengi et al. (2007) reported a different range 

(9.4-67.8) mg/kg DM for other browse species. The levels of Zinc in most browse species range 

from 10.2-34.7 mg/kg DM (Abdulrazak et al., 2000, Rubanza et al., 2006 and Kakengi et al., 

2007). Minson (1990) reported mean Zn concentration of most forages ranging from 36-47 mg/kg 

DM. 

Distinctions in the concentrations of macro and micro minerals among species is attributed to the 

difference in nature of soils, fertility of the soils and rainfall patterns of the soil ( McDowell, 1992 

;Abdulrazak et al., 2000). Furthermore genotypes, variation of mineral uptake among the species, 

stage of maturity and proportion of leaf samples taken for analysis are the cause of variations 

(Minson, 1990). 



30 
 

2.8. Factors affecting the chemical composition of tree browse. 

The chemical composition of browse tree foliages is a function of plant species (Crowder and 

Cheddah, 1982) and environmental factors (Singh et al., 2010). Main factors include genotype, 

stage of growth, edaphic factors, climatic condition, topography and presence of toxic substance. 

2.8.1. The effect of plant genotype. 

Woody plants can maintain sufficient nutritional levels during critical period of the year such as 

in summer, when grasses have been depleted (Luginbuhl and Poore, 1998). Studies have confirmed 

that woody plants generally have high protein content, high lignin and tannin content when 

compared to grasses (International Atomic Energy Agency (IAEA), 2006).  

However, the amounts vary greatly from one species to another and phenological stage of the plant 

(Luginbuhl and Poore, 1998). Genotypic dissimilarities among browse tree species affects the 

chemical composition of the tree forages in relation to nutritional value (Upreti and Shrestha, 

2006). Erickson et al., (1982) noted variability in the chemical constituents among barley straw of 

different cultivars.  

The latter authors noted that, six-rowed barley straw had low CP, P and hemicelluloses while 

higher in neutral detergent fiber (NDF), acid detergent fiber (ADF) and ash compared to two-

rowed barley straw. Genotypic variations were also observed between Karl barley straw and six-

rowed barley straw genotypes whereby the Karl barley straw had higher nutritive value compared 

to six –rowed and two-rowed barley straws (Erickson et al, 1982). Furthermore, the palatability 

and abundance of the various species determine the botanical composition of the animals diet 

(Rothauge, 2006). 
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2.8.2. The effect of plant growth stage  

The stage of growth is the most paramount factor affecting the chemical composition and 

digestibility of range tree browse (Ndlovu et al., 1995). Chemical compositions of tree foliages are 

greatly affected by plant maturity (Upreti and Shrestha, 2006). Plant growth from seedling to 

maturity consist of different stages including vegetative phase, stem (seedling) and finally 

reproductive stage (Singh et al., 2010). 

Furthermore, there is endless change in plant chemical composition as it grows from one stage to 

another (Ndlovu et al., 1995; Singh et al., 2010). Younger plants tend to have higher CP contents 

than matured plants, for instance Singh et al., (2010) noted higher levels of crude protein in young 

leaves of Celtis australis which decreased with leaf maturation.  

Most plants decline in nutrient composition with advanced maturity (Topps, 1992). Ndlovu et al., 

(1995) reported a decline in crude protein while NDF and ADF increased with leaf maturity of tree 

browse. According to Topps (1992) total dry matter yield is linearly related to the plant maturity 

and inversely related to digestibility. Shayo (1997) noted lower concentrations of crude protein in 

older leaves (140 g/kg DM) than younger leaves (186 g/kg) DM of Morus  alba. As the season 

advances and plant mature, the protein content also decreases hence anti-nutritional such as the 

phenolic-tannin level increases (IAEA, 2006). 

The variation in chemical composition could also be due to differences in time of samples of 

collection of trees materials (Singh et al., 2010; Ndlovu et al., 1995). Different seasons showed 

significant effects on the chemical composition of the trees as leaves became more fibrous and 

lignified during winter months (IAEA, 2006). 
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2.8.3. The effect of soil (edaphic factors)  

Soils with a particular nutrient have negative impact on plant productivity (Aikpokpodion, 2010). 

The main effect of soil on plants nutritive value is related to soil’s nutrient status and availability 

(IAEA, 2006). Soil texture has a significant effect on fresh biomass yields, dry matter, crude 

cellulose and crude ash content formation mainly due to its influence on nutrient supply to the 

plants (Aikpokpodion, 2010). According to Geren et al. (2009) trees grown on light soil texture 

tend to have high fresh biomass yield, dry matter, crude protein, and cellulose and crude ash 

content formation than those grown on heavy textured soil. 

2.8.4. The effect of climate  

Climatic factors such as: temperature, humidity, precipitation, light intensity and altitude effect the 

nutritive value of woody plants (Singh et al., 2010). Granting that plants are reliant upon the soil 

for their mineral nutrients, climatic factors affect respiration, assimilation, photosynthesis and 

metabolism to an extent that the mineral and organic matter content of plants may be strongly 

modified by climatic factors even though grown on the same soil (Mountousis et al., 2006). 

Rainfall may have direct and indirect influences upon the quality of browse (Aganga et al., 1998; 

Mountousis et al., 2006). Rainfall, in general, tends to increase nitrogen; phosphorus and ether 

extract (the soluble fat constituent) (Singh et al., 2010). Even if browse species are less affected 

by summer droughts than grasses and forbs because of their deeper root systems, they are able to 

thrive and remain the option during the dry period (Aganga et al., 1998). 

Altitude dissimilarities influence nutritive variation of tree foliages (Mountousis et al., 2006; Singh 

et al., 2010). Variation in in vitro dry matter digestibility was observed in the study of Albizia 

gummifera due to altitude differences (Kechero and Duguma, 2011). The latter author also added 

that ash, crude fiber (CF) and crude protein content of the browseable materials are much 
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influenced by altitude variations as it showed positive correlation to EE and CF content. The results 

from the study of Celtis australis by Singh et al. (2010) indicated that, high altitudinal populations 

exhibited comparatively higher nutritive values than those from low altitude. Crude protein in adult 

foliage also showed strong positive correlation with altitude. However, ash content did not exhibit 

any established trend with an altitude either in case of mature or juvenile foliages (Singh et al., 

2010). 

2.8.5. The effect of anti-nutritional factors  

Woody plants have evolved survival strategies either as a way of storing their nutrients or as a 

means of defending their structure and reproductive elements from herbivores or in some instance 

to make use of the animals to spread their seeds (Silanikove et al., 2001; Makkar, 2003). Tannins 

are chemical or secondary compounds found in plants not directly involved in the process of plant 

growth but act as deterrents to insects and fungal attack or being eaten by animals (Makkar, 2003). 

During some plant growth stage, the animals are discouraged from eating the plants while during 

other stages the consumption of such plants is encouraged (Makkar, 2003). 

Tannins are plant secondary compounds acting as anti-nutritional factors affecting rumen function 

by reducing rumen ammonia level, decrease protein degradation, depressing fiber digestibility 

(Mangan, 1988; Silanikove et al., 2001; Makkar, 2003). At low concentration of tannins in the 

diets of ruminants (less than 5%), tannins play beneficial roles by increasing by-pass protein or by 

decreasing ammonia loss (Gutteridge and Shelton, 1998; Aerts et al., 1999). At higher 

concentration of tannins (>50 g/kg DM) tannins cause detrimental effects by depressing 

palatability, decreasing rumen ammonia and post-ruminal protein absorption and thus lowered 

protein availability (Silanikove et al., 2001). Silanikove et al. (2001) also reported that, some 

herbivores have also developed survival strategies e.g. the ability to select certain parts of the 
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plants or to develop microbial populations capable of minimizing anti-nutritive factors such as the 

destruction of limousine and some tannin from tanniferous plants. Anti-nutritive factors are often 

associated with woody plants rather than grasses (Scalbert, 1991). Many woody plant leaves 

contain various levels of anti-nutritional factors that have an affinity for carbohydrates, amino 

acids and minerals rendering them unavailable for rumen micro-flora and the animal (Silanikove 

et al., 2001; Makkar, 2003). Tannin could exhibit both negative and positive effects on nutritive 

value depending on the amount in the browse (Scalbert, 1991). 

2.9. Major anti-nutritional factors in browse trees 

Anti-nutritional factors are a chemical compounds synthesized in natural food and / or feedstuffs 

by the normal metabolism of species (Makkar, 2003). These anti-nutritional factors are also known 

as ‘secondary metabolites’ in plants and they have been shown to be highly biologically active 

(Habtamu and Nigussie, 2014). According to Smitha et al. (2013) Anti-nutritional factors (ANF) 

are compounds which reduce the nutrient utilization and/or food intake of plants or plant products 

used as human foods or animal feeds and they play a vital role in determining the use of plants for 

humans and animals 

The toxicity due to the consumption of various forages is very common among the farm animals 

(Soetan and Oyewole, 2009). Anti-nutritional factors may be divided into two major categories. 

They are: (1). Proteins (such as lectins and protease inhibitors) which are sensitive to normal 

processing temperatures (Makkar, 2003). (2). Other substances which are stable or resistant to 

these temperatures and which include, among many others, polyphenolic compounds (mainly 

condensed tannins), non-protein amino acids and galactomannan gums (Osagie,1998). The major 

ones includes: toxic amino acids, saponins, cyanogenic glycosides, tannins, phytic acid, gossypol, 

oxalates, goitrogens, lectins (phytohaemagglutinins), protease inhibitors, chlorogenic acid and 
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amylase inhibitors (Akande et al., 2010). More often than not, a single plant may contain two or 

more toxic compounds, generally drawn from the two categories, which add to the difficulties of 

detoxification. According to Aletor (1993), there are several anti-nutritional factors that are very 

significant in plants used as animal feeds and some most common ones with their mechanism of 

toxicity and impact on animal health and productivity. 

2.9.1. Tannins 

Tannins are defined as water soluble phenolic compounds of plants with molecular weight 

between 500 and 3000 Daltons (Akande et al., 2010). All tannins are phenolics but not all 

phenolics are tannins (Makkar, 2003). Tannins can be distinguished from other polyphenolic 

compounds by their ability to precipitate gelatine and other proteins from aqueous solution 

(Silanikove et al., 2001; Makkar, 2003). Tannins have a property of binding to protein to form 

reversible and irreversible complexes due to the existence of a number of phenolic hydroxyl groups 

(Patra and Saxena, 2010).  

Tannins have negative effect on protein metabolism and decrease palatability of feeds at high 

levels (Barry and Manley, 1986; Bryant et al., 1992) but at very low levels, most are beneficial 

(Foo et al., 1996; Makkar, 2003). High levels of tannins are common in some woody plants such 

as Acacia species and Dichrostachys species (Mlambo and Mapiye, 2015). Condensed tannins and 

hydrolysable tannins are the two major classes of tannins (Barry and Manley, 1986). Condensed 

tannins are made up of flavan-3-ols linked via carbon-carbon bonds (Patra and Saxena, 2010; 

Makkar, 2003). They are also called proanthocyanidins because if treatment with acidic alcohol 

produces coloured anthocyanidin (Makkar, 2003).  
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Hydrolysable tannins are polyesters of phenolic acids (gallic acids, hexahydroxydiphonic acid and 

their derivatives) and d-glucose or quinic acid (Patra and Saxena, 2010; Makkar, 2003). 

Proanthocyanidins are the most common type of tannin found in forage legumes (Reed, 1995). 

The two types differ in their nutritional and toxic effects (Makkar, 2003). The condensed tannins 

have more profound digestibility-reducing effect than hydrolysable tannins, whereas, the latter 

may cause varied toxic manifestations due to hydrolysis in rumen (Akande et al., 2010). According 

to Mueller-Harvey and McAllan (1992), tannins are heat stable and they decreased protein 

digestibility in animals and humans, probably either making protein partially unavailable or 

inhibiting digestive enzymes and increasing fecal nitrogen. Woody plants often have thorns, 

fibrous foliage and growth habits which protect the crown of the tree from defoliation (Patra and 

Saxena, 2010).  

Plants synthesize tannins in order to defend themselves against insect, fungal and herbivores, also 

known as ‘defence’ theory (Patra and Saxena, 2010). The proposed mechanism of defence is their 

astringent taste and their ability to interfere with digestive enzymes of predators (Mueller-Harvey 

and McAllan, 1992; Makkar, 2003). Tannin synthesis depends on plant cell vacuole differentiation 

and exogenous factors (Mueller and McAllan, 1992).  

In addition seasonal effects, light intensity, temperature and soil fertility has been concerned in 

tannin synthesis (Mueller and McAllan, 1992). Anti-nutritional factors act within the animal’s 

digestive system by binding to substrate which can be protein, carbohydrates, lipids, minerals and 

vitamins (Haslam, 1993 and Norton, 1994). Anti-nutrients can also prevent digestive enzymes or 

can be antimicrobial (Scalbert, 1991, Asfari et al., 1993). Goats are capable of selecting low tannin 

containing older growth on browse and leave out current’s season growth which has higher tannin 

content (Mueller-Harvey and McAllan, 1992). Sikosana et al. (2002b) reported that high levels of 
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tannins in Acacia nilotica reduced growth rates of animals due to lower feed intake and protein 

digestibility. The effect of tanniferous feeds on milk fat and protein composition varies markedly 

depending on the concentration of tannins present in the feeds (Vasta et al., 2008; Mlambo and 

Mapiye, 2015). These compounds are present in numerous tree and shrub foliages, seeds and agro-

industrial by-products (Dube et al., 2004). 

2.9.2. Saponins 

Saponins are secondary compounds that are generally known as non-volatile, surface active which 

are widely distributed in nature, occurring primarily in the plant kingdom (Avato et al., 2006; 

Umaru et al., 2007). They are structurally diverse molecules and consist of non-polar aglycones 

coupled with one or more monosaccharide moieties (Jenkins and Atwal, 1994; Habtamu and 

Ngusse, 2014). This combination of polar and non-polar structural elements in their molecules 

enlightens their soap-like behavior in aqueous solutions (Jenkins and Atwal, 1994).  

The structural complexity of saponins results in a number of physical, chemical, and biological 

properties, which include sweetness and bitterness, foaming and emulsifying , pharmacological 

and medicinal, haemolytic properties, as well as antimicrobial, insecticidal activities (Habtamu 

and Ngusse, 2014). 

Saponins reduce the uptake of certain nutrients including glucose and cholesterol at the gut through 

intra-luminal physicochemical interaction. Hence, it has been reported to have hypo cholesterol 

emic effects (Umaru et al., 2007). In chickens saponins have been reported to reduce growth, feed 

efficiency and interfere the absorption of dietary lipids and vitamins (A & E) (Jenkins and Atwal, 

1994). Saponins are among several plant compounds which have beneficial effects and among the 

various biological effects of saponins are antibacterial and antiprotozoal (Avato et al., 2006). 
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2.9.3. Cyanogens 

Cyanogens are glycosides of a sugar or sugars and cyanide containing aglycone (Sarah, 2007). It 

can be hydrolysed to release HCN (hydrogen isocyanide/ hydrocyanic acid) by enzymes that are 

found in the cytosol (Smitha et al., 2013). Damage to the plant occurs when the enzymes and 

glycoside form HCN. The hydrolytic reaction can take place in the rumen by microbial activity. 

Hence, ruminants are susceptible to CN (Cynodine) toxicity than non- ruminants (Smitha et al., 

2013). The HCN is absorbed and is rapidly detoxified in the liver by the enzyme rhodanese which 

converts CN to thiocyanate (SCN).Excess cyanide ion inhibits the cytochrome oxidase. This stops 

ATP formation, tissues suffer energy deprivation and death follows rapidly. The lethal dose of 

HCN for cattle and sheep is 2.0-4.0 mg per kg body weight (Sarah, 2007). 

2.9.4. Alkaloids 

Alkaloids are one of the largest groups of chemical compounds synthesised by plants and generally 

found as salts of plant acids such as oxalic, malic, tartaric or citric acid (Habtamu and Nigussie, 

2014).  Alkaloids are small organic molecules, common to about 15 to 20 per cent of all vascular 

plants, usually comprising several carbon rings with side chains, one or more of the carbon atoms 

being replaced by a nitrogen (Smitha et al., 2013). They are synthesized by plants from amino 

acids (Umaru et al., 2007). Decarboxylation of amino acids produces amines which react with 

amine oxides to form ldehydes (Habtamu and Nigussie, 2014). The characteristic heterocyclic ring 

in alkaloids is formed from Mannich-type condensation from aldehyde and amine groups (Smitha 

et al., 2013).  

The chemical type of their nitrogen ring offers the means by which alkaloids are sub classified: for 

example, glycoalkaloids (the aglycone portion) glycosylated with a carbohydrate moiety 

(Habtamu and Nigussie, 2014). They are formed as metabolic by products. Insects and herbivores 
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are usual1y repulsed by the potential toxicity and bitter taste of alkaloids (Umaru et al., 2007). 

Alkaloids are considered to be anti-nutrients because of their action on the nervous system, 

disrupting or inappropriately augmenting electrochemical transmission (Smitha et al., 2013). For 

instance, consumption of high tropane alkaloids will cause rapid heartbeat, paralysis and in fatal 

case, lead to death. Uptake of high dose of tryptamine alkaloids will lead to staggering gate and 

death (Smitha et al., 2013). Indeed, the physiological effects of alkaloids have on humans are very 

evident (Habtamu and Nigussie, 2014). 

2.9.5. Protease inhibitors 

Protease inhibitors are widely distributed within the plant kingdom, including the seeds of most 

cultivated legumes and cereals (Chunmei et al., 2010). Protease inhibitors are the most commonly 

encountered class of antinutritional factors of plant origin. Protease inhibitors have the ability to 

inhibit the activity of proteolytic enzymes within the gastrointestinal tract of animals (Habtamu 

and Nigussie, 2014). Due to their particular protein nature, protease inhibitors may be easily 

denatured by heat processing although some residual activity may still remain in the commercially 

produced products (Smitha et al., 2013). The antinutrient activity of protease inhibitors is 

associated with growth inhibition and pancreatic hypertrophy (Chunmei et al., 2010). 

2.9.6. Nitrates 

Nitrate toxicity of cattle was noted as early as 1895 with corn-stalk poisoning (Singh et al., 2000). 

However, nitrate was not recognized as the principle toxicant during that period. In the late 1930s, 

after an outbreak of oat-hay poisoning in the high plains region, an indictment of nitrate was finally 

made (Launch Baugh, 2001). Some of the fodder crops such as Sudan grass, pearl millet (Andrews 

and Kumar, 1992) and oats (Singh et al., 2000) can accumulate nitrate at potentially toxic levels. 

Nitrate poisoning is better described as nitrite poisoning.  
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When livestock consume forages, nitrate is normally converted in the rumen from nitrate to nitrite 

to ammonia to amino acid to protein (Singh et al., 2000). When forages have an unusually high 

concentration of nitrate, the animal cannot complete the conversion and nitrite accumulates. Nitrite 

is absorbed into the bloodstream directly through the rumen wall and converts hemoglobin (the 

oxygen carrying molecule) in the blood to methaemoglobin, which cannot carry oxygen.  

The blood turns to a chocolate brown color rather than the usual bright red (Benjamin, 2006). An 

animal dying from nitrate (nitrite) poisoning actually dies from asphyxiation, or lack of oxygen 

(Benjamin, 2006). Factors affecting the severity of nitrate poisoning are the rate and quantity of 

consumption, type of forage, energy level or adequacy of the diet. Benjamin (2006) reported that 

sheep and cattle fed poor diets seem to be more susceptible to nitrate poisoning. 

2.9.7. Oxalate 

Strong bonds are formed between oxalic acid, and various other minerals, such as Calcium, 

Magnesium, Sodium, and Potassium. This chemical combination results in the formation of 

oxalate salts (Habtamu and Nigussie, 2014). Oxalate is an anti-nutrient which under normal 

conditions is confined to separate compartments (Cheeke, 1995). However, when it is processed 

and/or digested, it comes into contact with the nutrients in the gastrointestinal tract (Cheeke, 1995). 

When released, oxalic acid binds with nutrients, rendering them inaccessible to the body (Rahman 

and Kawamura, 2011). If feed with excessive amounts of oxalic acid is consumed regularly, 

nutritional deficiencies are likely to occur, as well as severe irritation to the lining of the gut 

(Habtamu and Nigussie, 2014).  

In ruminants oxalic acid is of only minor significance as an anti-nutritive factor since ruminal 

microflora can readily metabolize soluble oxalates (Habtamu and Nigussie, 2014). Various tropical 

grasses contain soluble oxalates in sufficient concentration to induce calcium deficiency in grazing 
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animals. These include buffel grass (Cenchrus ciliaris), pangola grass (Digitaria decumbens), 

setaria (Setaria sphacelata) and kikuyugrass (Pennisetum clandestinum). Oxalates react with 

calcium to produce insoluble calcium oxalate, reducing calcium absorption. This leads to a 

disturbance in the absorbed calcium: phosphorus ratio, resulting in mobilization of bone mineral 

to alleviate the hypocalcemia.  

Prolonged mobilization of bone mineral results in nutritional secondary hyperparathyroidism or 

osteodystrophy fibrosa (Rahman and Kawamura, 2011). Cattle and sheep are less affected because 

of degradation of oxalate in the rumen. However, cattle mortalities from oxalate poisoning due to 

acute hypocalcemia have occurred on setaria pastures and sheep have been poisoned while grazing 

buffel grass (Rahman and Kawamura, 2011). Levels of 0.5 per cent or more soluble oxalate in 

forage grasses may induce nutritional hyperparathyroidism in horses (Rahman et al., 2009).  

The oxalate content of grasses is highest under conditions of rapid growth with concentrations as 

high as 6 per cent or more of dry weight (Cheeke, 1995).Young plants contain more oxalate than 

older plants (Jones and Ford, 1972). During early stages of growth, there is a rapid rise in oxalate 

content followed by a decline in oxalate levels as the plant matures (Davis, 1981). Rahman et al. 

(2009) observed that the oxalate content of Napier grass can be manipulated by varying the 

harvesting interval, and that oxalate content declined as the harvest interval increased (Smitha et 

al., 2013). 

2.9.8. Phytate 

Phytate, which is also known as inositol hexakisphosphate, is a phosphorus containing compound 

that binds with minerals and inhibits mineral absorption (Thava and James, 2001). The cause of 

mineral efficiency is commonly due to its low bioavailability in the diet. The presence of phytate 

in feeds has been associated with reduced mineral absorption due to the structure of phyate which 
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has high density of negatively charged phosphate groups which form very stable complexes with 

mineral ions causing non-availability for intestinal absorption (Walter et al., 2002). Phytates are 

generally found in feed high in fibre especially in wheat bran, whole grains and legumes (Thava 

& James, 2001). 

2.10. Mechanism of toxicity by anti-nutritional factors in browse trees. 

Tannins may form a less digestible complex with dietary proteins and may bind and inhibit the 

endogenous protein such as digestive enzymes (Akande et al., 2010). The tannin-protein 

complexes are astringent and adversely affect feed intake and all plants contains phenolic 

compounds but their type and concentration may cause negative animal responses (Smitha et al., 

2013). The concentration of condensed tannins above 4 per cent has been reported to be toxic for 

ruminants as they are more resistant to microbial attack and are harmful to a variety of 

microorganisms (Waghorn, 2008). It has been reported that saponins can affect animal 

performance and metabolism in a number of ways as follows: erythrocyte hemolysis, reduction of 

blood and liver cholesterol, depression of growth rate, bloat (ruminants), inhibition of smooth 

muscle activity, enzyme inhibition and reduction in nutrient absorption (Akande et al., 2010).  

Phytic acid acts as a strong chelator, forming protein and mineral-phytic acid complexes; the net 

result being reduced protein and mineral bioavailability (Khare, 2000). Phytic acid is reported to 

chelate metal ions such as calcium, magnesium, zinc, copper, iron and molybdenum to form 

insoluble complexes that are not readily absorbed from gastrointestinal tract (Waghorn, 2008). 

Phytic acid also inhibits the action of gastrointestinal tyrosinase, trypsin, pepsin, lipase and 

amylase (Khare, 2000). Similarly Oxalic acid binds calcium and forms calcium oxalate which is 

insoluble while trypsin inhibitors have been implicated in reducing protein digestibility and in 

pancreatic hypertrophy (Akande et al., 2010). 
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2.11. Beneficial effect of anti-nutritional factors in browse trees foliage to livestock. 

Tannins, protect proteins against excessive degradation in the rumen by forming reversible 

complexes with proteins (Makkar, 2003). These complexes are not degraded at pH values present 

in rumen (Butter et al., 2000), but they disintegrate at pH values of the abomasum and small 

intestine (Jones and Mangan, 2003). The positive of tannin in animal feeing includes; increased 

efficiency of protein utilization, reduction of parasite burden, reduction of proteolysis during 

ensilage, bloat prevention, increase quality of animal products, reduction of nitrogen emission into 

the environment and defaunate rumen (Adesogan et al., 2004). Condensed tannins (CT) have 

improved live weight gain, wool production and reproductive efficiency in sheep fed temperate 

forages and reduced the impact of gastro-intestinal parasitism (Makkar, 2003). However, their 

value is also linked to environmental issues, such as reducing nitrogen pollution from animals 

grazing lush pastures with a high nitrogen content and lessening methane emissions from rumen 

fermentation (Waghorn, 2008).  

Saponins have shown a variety activities such antitumor, cholesterol lowering, immune 

potentiating, anticancer, antioxidants (Blumert and Liu, 2003) and to presser lower risk of 

implicated in coronary heart diseases (Ferri, 2009), and saponins potential as ointment 

hydrocarbon to shape of first collagen, as the protein have a role in recovery process of wound 

healing.  

Potential beneficial effects of protease inhibitors remain unclear, although lower incidences of 

pancreatic cancer have been observed in populations where the intake of soybean and its products 

is high (Blumert and Liu, 2003). While protease inhibitors have been linked with pancreatic cancer 

in animal studies, they may also act as anti-carcinogenic agents (Chunmei et al., 2010). 



44 
 

2.12. Methods to counteract the effect of tannins and other anti-nutritional factors in browse 

trees foliages. 

Most tropical browse species used as animal feed contain substantial amounts of phenolic 

compounds, mainly tannins, as well as other secondary compounds (Makkar, 2003; Ben Salem et 

al., 2005). The existence of tannins in the feeds could reduce their nutritional value, as tannins 

bind to feed proteins thereby making them unavailable to ruminal micro-organisms, but this 

negative effect depends on the kind of tannins (Makkar, 2003).  

Mueller-Harvey (2005) concluded that hydrolysable tannins are harmful, but condensed tannins 

(CT) are safe as long as they account for less than 5% of the DM in feed. There is an inverse 

relationship between high CT level in forages (more than 50 g CT/kg DM) and their palatability, 

voluntary intake, digestibility and N retention in ruminants (Silanikove et al., 1996).  

However, a low level of tannin will improve nitrogen utilization by ruminants since many tannins 

can alter the site of protein digestion and thereby improve amino acid absorption (Jones & Mangan, 

2003; Perez and Norton, 1996). This has been referred to as rumen escape protein and leads to 

higher growth rates, milk yield and fertility (Mueller -Harvey, 2005) since tannins form stable and 

insoluble complexes with proteins at pH 3.5-7.0, but these complexes dissociate at pH 7.5.  

Russel and Lolley (1989) observed that treatment of tanniferous feed sources with alkalis (urea, 

sodium hydroxide, potassium hydroxide, etc.) and oxidizing agents (potassium dichromate, 

potassium permanganate, etc.) decreased their total extractable phenols contents. However, the 

main disadvantage of these chemical treatments is the loss of soluble nutrients (Makkar and Singh 

1993) .Therefore, ways and means of eliminating or reducing their levels to the barest minimum 

should be discovered (Soetan and Oyewole, 2009).  
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The use of polyethylene glycol (PEG)for which tannins have higher affinity than for proteins, is 

by far the most used reagent to neutralize these secondary compounds (Muller-Harvey, 2001). 

Most tannins are located in seed coats (skin) and hulls while fruit (meat nut) are practically tannin 

free (Shahidi and Nazck, 2004). Reductions in tannins contents of cow pea ranged from 6.7% to 

68.5% in boiled, microwave cooked and autoclaved peanut seeds (Embaby, 2011). Soaking at 

ambient temperature had the least reduction (15%) while soaking at 60°C for 7h had the highest 

reduction (61%) of tannin contents in Tigernut (Adekanmi et al., 2009).  

The phytate molecule is negatively charged at the physiological pH and is reported to bind 

essential, nutritionally important divalent cations, such as iron, zinc, magnesium and calcium. This 

forms insoluble complexes, thereby making minerals unavailable for absorption (Frontela et al., 

2008). Longer time of boiling, microwave and autoclaving resulted in lower levels of phytic acid. 

Thus, autoclaving for 20 min was the most effective for phytic acid reduction (24.7% loss). 

Roasting of sesame is more effective (the reduction ranged from 15.6% to 22%) than boiling and 

microwave (the reduction ranged from 3.8% to 11.8%) for phytic acid.  

Roasting can cause a significant reduction (the reductions up to 23.1 – 28.6 %,) in phytic acid 

contents of other seeds (Embaby, 2011). Similarly longer time of both boiling (for 40 min) and 

autoclaving (for 20 min) caused a complete inactivation of trypsin inhibitor activities, but the 

longer time of microwave (12 min) reduced trypsin inhibitor activities by 61.5% Boiling, 

simmering and blanching caused significant reduction in the level of cyanide content of Moringa 

oleifera leaves by 88.10%, 80.95% and 61.90% respectively (Sallau et al., 2012). Boiling also 

reduces oxalate content Arachis hypogaea L (Groundnut) from 3.04 mg/g 2.62 mg/g, trypsin 

inhibitor from 0.12 TUI/g to 0.09 TUI/g (Mada et al., 2012).  
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Sarangthem and Singh (2013) reported that phytate content of 35.95mg/100g and30.67mg/100g in 

fresh bamboo shoots of Dendrocalamus hamiltonii and Bambusa balcooa reduce to 22.46mg/100g 

and 24.12 mg/100g in the traditional fermented and laboratory fermented samples respectively. 

However, in the same report tannin content of 31.49mg/100g and 45.49mg/100g in fresh bamboo 

shoots of Dendrocalamus hamiltonii and Bambus abalcooa respectively increases to 

68.21mg/100g and 52.00mg/100g fresh within the traditional and laboratory fermented samples. 

Moreover, according to Bhat (2013), none of the methods have found to be successful in total 

alleviation/inactivation of tannins without the loss of nutritive values, hence this limits the 

utilisation of the vast amount of tanniferous plant materials as animal feeds. Polyethylene glycol 

(PEG) a tannin-neutralizing agent have long been used to improve the nutritive value of 

tanniferous feeds (Makkar, 2003a; Silanikove et al., 2001).PEG is a synthetic polymer over which 

tannins have higher affinity than for proteins, it dislocates tannin protein complexes and increases 

protein availability to microflora in the rumen of host animals (Makkar and Singh, 1992; Mlambo 

et al., 2015). 

Decandia et al. (2000) found that PEG did not affect the diet intake but the CP digestibility of the 

diet increased from 37% without PEG to 71% with 50 g of PEG/day in goats fed ad libitum with 

foliage of Pistacia lentiscu. However, the high cost of this reagent limits its use in practice and in 

some cases utilization of alkalis, oxidizing agents and PEG could contribute to environmental 

pollution. 

The benefits from the use of polyethylene glycol (PEG) as tannin inactivating agent are well 

documented (Table 2.3). PEG is an inert and unabsorbed molecule that can form a stable complex 

with tannins, preventing the binding between tannins and protein (Decandia et al., 2000). 

Therefore, PEG releases forage proteins from tannin-protein complexes and improves their 
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nutritional value leading to improved performance of sheep and goats. According to Ben Salem et 

al. (1999) the intake of Acacia cyanophylla by sheep increased as the level of PEG increased and 

PEG inactivated the condensed tannins in Acacia cyanophylla, thus improving microbial organism 

synthesis and growth of sheep. 

Ben Salem et al. (2005) found that soaking Acacia in Acacia wood ash solution (120 g of wood 

ash DM/L of water, pH=12.4) decreased total extractable phenols, total extractable tannins and 

extractable condensed tannins, but also reduced OM and CP content. Feeding Acacia treated with 

wood ash solution did not affect intake and OM digestibility of the diet, but increased CP and NDF 

digestibility of Barbarine rams. 
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Table 2. 3.The use of polyethylene glycol (PEG) as tannin binder in goats. 

Diet offered Inclusion rate 

of PEG 

Findings References 

Acacia karroo, Acacia tortilis and 

Ziziphus mucronata.  

 

20 g/animal/day 

PEG increased use of tannin-

containing woody plants. 

Unsupplemented goats spent more 

time grazing than browsing 

 

 

Mkhize et al., 2015 

Tifton 85 hay, which was 

replaced by flemingia leaf hay at 0%, 

12.5% and 25% rates 

 

60 g/animal/day 

PEG increased intake and 

digestion of tannin-rich Flemingia 

leaf hay. No effect was observed 

on milk yield 

 

Fagundes et al.,2014 

Fresh evergreen branches (leaves and 

stems) of condensed tannin-rich 

Arctostaphylos canescens  

 

5% - 3% body 

weight/day 

Dosing with PEG increased feed 

intake, nutrient digestibility and 

weight gain 

 

Narvaez et al.,2011 

Mature and ripe Dichrostachys 

cinerea fruits (200 g/animal/day)  

milled through a 4-mm screen. 

600 g/day grass hay 

 

20 g PEG/100 g 

Dichrostachys 

cinerea fruit 

Excessive protein degradation in 

the rumen leading to high urine N 

loss and low N retention values. 

Untreated fruits promoted higher 

N retention values 

 

Mlambo et al.,2004 

Air-dried tree fodder of Acacia 

boliviana, 

5 g of PEG/1.5 Kg 

of each diet 

 

Anti-nutritional factors were still 

operative 

 

Maasdorp et al.,1999 
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In addition, wood ash has also been used in treating tannin rich feeds ( Table 2.4) as it decreases 

the concentration of condensed tannins (Makkar and Singh, 1992).The alkaline pH of wood ash is 

said to overcoming the acute toxic effects of tannins or phenolic compounds (Muller-Harvey, 

2006). The study of Muller-Harvey (2006) have also highlighted that wood ash have no effect on 

the nutritive value of the feed.  

More importantly, activated charcoal has also been long used as an adsorbent to reduce various 

intoxications hence the study of Ben Salem (2005) suggested that activated charcoal could be a 

priori to deactivate tannins in tanniferous feeds. In addition the effect of activated charcoal on the 

nutritive value has not been studied. Hence, Bhat (2013) proposed that, a more cohesive and 

integrated detannification strategy is required for alleviating tannins for enhancement of the 

feeding value of tannin rich biomass. Likewise, Makkar (2003) suggested the need to investigate 

further effectiveness of the promising techniques through research studies. 

Table 2. 4. The use of wood ash (WA) as a tannin binder in goats. 

Diet offered Inclusion rate               Findings References 

 Acacia nilotica and 

Dichrostachys cinerea 

fruits 

Acacia nilotica and 

Dichrostachys cinerea 

fruits 

Quercus incana (oak) 

leaves 

Oak and pine leaves 

 

10g Wood Ash 

10g Wood Ash 

 

9 g Wood Ash 

10g Wood Ash 

 

10g Wood Ash 

9 g Wood Ash 

- Reduced tannins by 75 and 96 % in 

A. nilotica and D. cinerea 

- Achieved 61 to 73 % inactivation of 

D. cinerea tannins, but only 3 to 28 

% of A. nilotica tannins. 

 

- 80 % decrease in the protein 

precipitating capacity of tannins 

-  Wood ash from oak and pine 

differed slightly in their potency. 

Makkar and Singh 

(1992) 

 

Makkar and Singh 

(1992) 

 

Price et al., (1979) 
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On the other hand, activated charcoal as a powder or as tablets has been widely used among 

humans for centuries to cure indigestion and, more importantly, as an antidote to detoxify poisons 

(Banner et al., 2000). It is also used as an antidote in veterinary medicine (Cooney, 1995). Mturi 

(1991, 1993) suggested that the habit of eating wood charcoal by the Zanzibar red colobus monkey 

(Procolobus kirkii), which consumes a diet of foliages containing high levels of phenolic material, 

is known to reduce or eliminate such toxicity by binding part of the phenolic compounds to the 

charcoal, thus preventing their gastrointestinal absorption.  

Charcoal has also been used in the diets for livestock to reduce anti-nutritional effects of secondary 

compounds in feeds (Poage et al., 2000). According to Poage et al. (2000) lambs fed bitterweed 

(Hymenoxys odorata) alone consumed considerably less than lambs that received bitterweed with 

activated charcoal and higher doses of activated charcoal resulted in higher consumption of 

bitterweed. The effects of charcoal on elimination of harmful substances are reported to be due to 

the adsorption of a wide range of compounds such as phenols, alkaloids and salicylates (Banner et 

al., 2000; Poage et al., 2000; Struhsaker et al., 1997). 

2.13. The effect of supplementing trees browse to small ruminants. 

The goat (Capra hircus) is shown to have been one of the first animals to be domesticated by humans, about 

7000 BC in South West Asia (Peacock, 1996) then spreading into all the tropical zones and most temperate 

areas. The world goat population is estimated at 790 M and most (96%) are found in developing countries 

(FAO, 2006) where they are of great importance. Goats are usually kept by poor people (often women in 

some areas) to whom they provide useful products and services. Goat milk is highly nutritious and has a 

similar nutritional profile to human milk (Peacock, 1996). All these attributes lead to the connotation that 

the goat is “a poor man’s cow” (Mahatma Gandi, great Indian Leader) quotation taken up by Peacock (1996) 

who qualified it as “a poor person’s bank. 
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Goats are natural browser, feeding by preference on tree leaves, flowers, fruits/pods and even the woody 

stem of trees. Their small mouth and mobile upper lip and tongue enable them to pick small leaves between 

thorns, flowers, fruits and others plants parts, thus choosing only the most nutritious available feed. Goats 

are shown to eat preferentially at heights between 20 and 120 cm above ground and can stand on their hind 

legs or even climb trees to reach the best forage. They are known to feed on a wide variety of forages, and 

the choice is influenced by the diversity of feeds available. This attitude seems to be related to the need to 

maintain the rumen environment within a certain physiological and microbiological range (Morand-Fehr, 

2005). 

However, they seem to not thrive well when kept on a single type of feed for any length of time (Devendra 

and McLeroy, 1982). The feeding strategies of goats, reported by Luginbuhl and Poore (1998), consist of 

selecting grasses when the protein content and the digestibility are high, but switching to browse when their 

nutritive value may be higher. However, where browse is not available, goats can feed on grasses and crop 

residues such as cereal straws, but tend to prefer less coarse grasses (Devendra and McLeroy, 1982). 

According to Luginbuhl and Poore (1998) goats are not able to digest cell walls as well as cattle because 

the feed stays in their rumen for a shorter period of time. On the other hand, Morand-Fehr (2005) reported 

similar retention time of feed particles in the digestive tract of sheep and goats eating the same quantity of 

good quality forage, but the retention time of goats receiving poor quality forage was longer. Hence sheep 

and goats have similar patterns of digestion of moderate to high quality forages, but goats are better in 

digesting forages rich in cell walls and poor in nitrogen. This is attributed to their ability to recycle urea 

nitrogen (Silanikove, 2000). In addition, goats are efficient in the use of water and have a low rate of water 

turnover per unit of body weight (Devendra and McLeroy, 1982). The adaptation of goats to water shortage 

in hot environments in the tropics has been explained by low water turnover and the ability to resist 

desiccation (they do not sweat, and lose less water in faeces and urine). 

The DM intake of goats, indicating the capacity to utilise feed voluntarily, depends on the breed (meat or 

milk) and the environment. Thus in the tropics, intake of 4 to 5% of live weight has been reported for dairy 
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goats and 3% for meat goats (Devendra and McLeroy, 1982). The growth rate and mature weight of goats 

vary widely in different parts of the world, due to differences in breeds and level of nutritional management. 

However, Luginbuhl and Poore (1998) noted that the goat has lower rate of weight gain and do not fatten 

like cattle and sheep; thus to achieve maximum potential, goats need high quality feed and require optimum 

balance of many different nutrients. 

Goats, with their habits of browsing, were able to collect more nutrients from the environment. They are 

also shown to adapt much faster than cattle or sheep to seasonal and geographic variations, which has 

resulted in them being termed as mixed feeding 'opportunists' (Lu, 1988). Silanikove et al. (1996) concluded 

that goats have the ability to consume large amounts of tannin rich plants without exhibiting toxic 

syndromes (due to a detoxifying enzyme in the saliva), which is not the case for other ruminant species. 

Various studies have supplemented goats with browse feeds (see Table 2.5.). According to 

Yayneshet et al. (2008) Supplementation of Dichrostachys cinerea pods at different levels of 0.5 

%, 1.0 % and 1.5 % to growing Abergelle goats browsing in the lowlands of Ethiopia, a highest 

DM intake of 84.6 g/day- 0.75 BW and gain of 21.7g/day was recorded for the group that received 

1.5 % D. cinerea fruits than in other groups. In a different study by Sikosana et al. (2002a) various 

browse fruits that includes Acacia erioloba, Acacia erubescens, Dichrostachys cinerea, Acacia 

nilotica and Acacia tortilis fruits were fed to indigenous castrated males. Animals investigated 

were restricted to receive a maximum of 200 g pods per day per goat to determine their growth 

performance and carcass characteristics (Sikosana et al. 2002a).  The results showed that goats 

offered A. nilotica and D. cinerea pods had higher growth rate of 13.3 and 4.8 g/day, respectively, 

than in other treatments. Goats offered with A. nilotica (-27 g/day), A. erioloba (-3.3g/day) and 

A. erubescens (-1.9g/day) had significantly lower weights. According to Sikosana et al. (2002a) 

the reason for lower growth in A. nilotica group was due to high amount of anti-nutritional factors 

in the fruits.  
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According to Sikosana et al. (2002a) similar browse fruits were offered to determine the intake of 

indigenous castrated Matebele goats. The outcomes of the study showed that goats which received 

D. cinerea had higher intake of 844 g/day and A. nilotica with lowest of 491g/day than in other 

groups. Furthermore, the study by Maphosa et al. (2009), lactating Matebele does were 

supplemented with Dichrostachys cinerea pods containing 19 % CP. The result showed that kids 

from supplemented and not milked (SNM) group had higher ADG (103 g/day) than kids from not 

supplemented and milked (NSM) (85 g/day) and supplemented and milked (SM) (74 g/day)  

groups.   

Maphosa et al. (2009) also concluded that the weaning weight of kids from SNM was higher (12.8 

kg) than NSM (11.2 kg) and SM (10.2 kg) group. In comparison, does from SM group produced 

more milk yield of 308 ml/day than SNM (273 ml/day) group. In contrast, another study in Kenya 

by Lengarite et al. (2014) whole and milled Acacia tortilis pods were fed to lactating goats. The 

authors reported intake of 186 and 413 g/day and milk yield of 300 g/day and 349 g/day 

respectively. In addition, Ngambu et al. (2013) reported that, the supplementation of Acacia karoo 

fresh leaves on castrated kids had higher growth rate of 105 versus 43 g/day and meat quality than 

the non-supplemented goats. 

Moreover, in a study by Krebs et al. (2007) to determine the effects of feeding A. saligna, treated 

with PEG, on feed intake, nitrogen balance and rumen metabolism in sheep, the result showed that 

for all dietary treatments ruminal ammonia levels were below the threshold for maximal microbial 

growth. Feeding A. saligna, without PEG, had a definite defaunating effect on the 

rumen (Krebs et al., 2007). 

 



54 
 

  



55 
 

Table 2. 5. The effect of supplementing different tree browse foliages on goat’s performance. 

Goat type Browse 

foliage 

Foliage 

offered  

Intake(

gDM/d

ay) 

Weight gain 

(g/day) 

Milk yield 

(ml/day) 

Reference 

Small east 

Africa 

goats 

A. tortilis 200g/day 

pods 

882-95 82-87 300.349 Lengarite et al.,2014) 

Xhosa lop 

eared goats 

A. karoo 200g/day 

leaves 

n.a 105-43  

N/A 
 

Ngambu et al.,2013 

Matebele 

does and 

kids 

 

D. cinerea 

 

299g/day 

pods 

SM 74 308  

Maphosa et al.,2009 
SNM 103 - 

NSM 85 273 

Castrated 

Matebele 

goats 

A. tortilis  

 

200g/day 

pods 

n.a 13.3  

N/A 

 

 

Sikosana et al.,2002a 
A. nilotica 491 -27 

D. cinerea 844 4.8 

A. erubescens 669 -1.9 

A. erioloba 731 -3.3 

Abergelle 

growing 

male goats 

D. cinerea 0.5% pods 84.6 10.0  

N/A 

 

Yayneshet et al.2008 
D. cinerea 0.1% pods 83.8 15.8 

D. cinerea 1.5% pods 94.3 21.7 

 

According to Krebs et al. (2007) it was therefore concluded that A. saligna was inadequate as the 

sole source of nutrients for sheep, even with the addition of PEG 4,000 or PEG 6,000. The anti-

nutritional effects on the animals were largely attributed to the excessive biological activity of the 

phenolics in the A. saligna leaves. The study concluded that there is a need to determine other 

supplements that may be complimentary with PEG to enhance the nutritive value of A. saligna to 

maintain a minimum of animal maintenance. 
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Most outstandingly Mui et al. (2002), conducted a study in which diets with foliage of Flemingia 

(Flemingia macrophylla) or Jackfruit (Artocapus heterophyllus) were fed to goats with  the 

objective to study nitrogen (N) balance and effect of a daily supplementation of polyethylene 

glycol (PEG) on intake and digestion. The study results of Mui et al. (2002) showed that the DM 

digestibility was highest (65.9-74.3%) for goats fed the SBM (Soybean meal) diet in both the dry 

and wet season. The DM digestibility of goats fed the Jackfruit and the Flemingia diets was similar 

in both the dry (58.6- 59.2% respectively) and the wet season (53.9-56.1% respectively). The CP 

digestibility was highest (73.0-73.6%) for the SBM diet followed by the Jackfruit diet (47.0-

38.5%) and was lowest (36.8-30.0%) for the Flemingia diet in both dry and wet seasons, 

respectively.  

The NDF digestibility was low for both the Jackfruit (36.4%) and Flemingia (38.0%) diets in the 

wet season. All diets resulted in a positive N balance. The N retention was highest (0.465-0.604 

g/kg W0.75) in the SBM diets and lowest (0.012-0.250 g/kg W0.75) in the Flemingia diet. Addition 

of PEG had no effect on feed intake for any of the diets. Mui et al. (2002) noted that PEG added 

in the Flemingia diet had a positive effect only on NDF digestibility, but the digestibility of the 

Jackfruit diet was significantly increased. According to Mui et al. (2002) Supplementation with 

PEG reduced digestibility and N retention of Flemingia, possibly because of the low tannin level, 

but increased digestibility and N retention for Jackfruit foliage. In addition the study of Ansah et 

al. (2016) conducted two separate experiments to investigate the effect of tanniferous (CT) browse 

plant supplementation on the growth, nutrient digestibility and blood biochemical properties of 

Djallonké sheep.  

The study results disclosed that In experiment I, whereas lambs supplemented with the highest 

condensed tannin (CT) browse plant (C. Pentandra) had improved (P<0.05) ADWG (Average 
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Daily Weight Gain) compared to the control, it did not differ from the ADWG reported in lambs 

that were supplemented with A. lebbeck even though it did not contain measurable levels of 

Condensed Tannins (CT). The blood metabolites did not differ among treatments.  

Ansah et al. (2016) noted that lambs fed with S. siamea ration had the lowest DMI (Dry Matter 

Intake) with the highest reported in G. arborea. Lambs fed with A. lebbeck had the highest 

(P<0.05) CP digestibility and nitrogen balance. The lowest NDF and ADF digestibility were 

obtained in animals fed the G. arborea diet. The author described that the tanniferous browse 

plants used in this experiment were high in nutritive value and resulted in improved live weight of 

lambs hence recommended that such diets could be fed as supplement to lambs grazing natural 

pasture during periods of feeds scarcity. 

 2.14. Digestibility of browse forages 

Studies on the digestibility of browse fodders are very significant as they allow the estimation of 

nutrients really available for animal nutrition. Oba and Allen (2005) noted that, digestibility of the 

feeds can be measured in terms of digestible energy (DE), digestible organic matter (DOM) and 

digestible dry matter (DDM). Digestibility can also be measured through total digestible nutrients 

(TDN) as an indirect way for estimation of feed digestibility (Dynes and Schlink, 2002).The in 

vivo technique is the classical and direct method for estimating feed digestion by animals (Reed, 

1995; Dynes and Shrink, 2002). However, due to difficulties (time consuming, tedious, and costly) 

in its application, indirect methods are frequently used. Most of the studies on digestibility of 

browse fodders used the in vitro technique, which provides a comparative estimate of DMD and 

can be used to rank the quality of the feed.  
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The in vitro gas production (Menke and Steingass, 1988) method has been used by a number of 

scholars as it is considered quick and less expensive compared to in vivo studies (Babayemi et al., 

2009). However, in vitro method is limited as it does not take into account the intake of forage by 

the animal. The in Sacco method (López et al. (1991, 1999)) has the advantage of measuring the 

rate of digestion of different feed components (protein and starch) through nylon bags suspended 

in the rumen, and can also be used to rank feeds (Gutteridge and Shelton, 1998). However in Sacco 

method is known to usually overestimate in vivo digestibility (Gutteridge and Shelton, 1998). 

Scholars have also advanced cheaper and faster techniques for measuring neutral detergent fiber 

digestibility (NDFD) such as using Near Infrared Reflectance Spectroscopy (NIRS).  

The factors involved in the variation in digestibility among browse fodders include the 

concentration of N, cell wall content, especially lignin, and tannins (Moore and Jung, 2001). A 

low level of CP (less than 80 g/kg DM) is shown to depress digestibility, as it is not sufficient to 

meet the needs of the rumen bacteria (Norton, 1998).On the other hand, low NDF content (20 to 

35%) has been shown to result in high digestibility, while lignification of the plant cell wall 

decreases the digestibility of plant material in the rumen (Moore and Jung, 2001).  

The unprocessed woody materials were considered indigestible by ruminants (Millet et al, .1970), 

but using various chemical or physical treatments, their digestibility were markedly increased. 

Saarinen et al. (1959) reported the in vivo digestibility of wood pulp, ranging from 0.27 to 0.90 

depending on the lignin content. The in vivo digestibility of bleached (Lignin erased and the pulp 

whitened) chemical pulp fines from mixed wood was 0.78 for DM and 0.86 for carbohydrates 

(Millet et al, .1973) indicating that the material had high energy value for ruminants. Many studies 

(Buxton and Redfearn, 1997; Moore and Jung, 2001) have reported a negative correlation between 

lignin concentration and cell wall digestibility by its action as a physical barrier to microbial 



59 
 

enzymes. Negative correlations between tannin and protein or DM digestibility have also been 

studied (McSweeney et al., 1999; Balogun et al., 1998). Hence information on the NDF, ADF, 

lignin and tannin content of tree foliage is essential for the assessment of their digestibility. A wide 

range of variation in digestibility is reported in tropical browse species. Breman and Kessler (1995) 

showed a mean OMD of 0.53 in Sahelian and Sudanian zones of West Africa. Le Houerou (1980) 

reported a mean DCP of 510 g/kg for West African browses, with 760 g/kg for legumes. Fall 

(1991) reported large variations in DMD, ranging from 0.26 to 0.88 between species and plant 

parts. Sanon (2007), reported high OMD (0.56 to 0.66 g/kg) and CPD (0.64 to 0.73 g/kg DM) 

compared to the mean values reported by other authors for West African browses. The digestibility 

values were somewhat higher for the pods than the leaves (except CPD of the leaves of P. lucens). 

Fall (1991) also found the pods of some Acacia species more digestible than the leaves (A. albida 

and A. tortilis). 

Many studies focusing on woody plants nutritive value however have been limited to chemical 

composition regardless of past recommendations (Le Houerou, 1980) that priority research should 

be given to intake and digestibility studies. Result from in vitro studies such that of Lucia (2016) 

showed that 17 indigenous woody plants in Namibia have  higher DM contents mostly in January 

(963±2.43 g/kg)  and lower in September  (929±2.30 g/kg), while high levels of NDF in this woody 

plant species were recorded at 410.4±15.18 in January and 406.3±14.35 in September respectively. 

According to Lucia, the leaves of A. mellifera were digested at lowest rate 0.068 /hour and C. 

apiculatum highest (0.236 /hour).  

In another study, Boufennara et al. (2012) reported that monocot showed lower in vitro and in 

Sacco digestibilities, fermentation rate, cumulative gas production and extent of degradation than 

dicotyledonous species. Mui et al. (2002) reported similar DM digestibility of goats fed the 
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Jackfruit and the Flemingia diets in both the dry (58.6- 59.2% respectively) and the wet season 

(53.9-56.1% respectively) whereby, both the Jackfruit (36.4%) and Flemingia (38.0%) diets had 

low NDF digestibility in the wet season (Mui et al., 2002). 

2.17. Conceptual framework /inference from literature 

Browse plant species quoted in the collected works are imperative fodder for livestock, they 

present a foreseen livestock feed industry since they are densely populated in the rangelands which 

resulted in a phenomenon called bush encroachment in Namibia. This includes species such as; 

Senegalia mellifera, Dichrostachys cinerea, Terminalia sericea, Terminalia sericea, 

Colophospermum mopane and Rhigozum trichotomum in the southern part of the country. 

The above mentioned browse plant species contribute substantially to the nutrition of livestock, 

even though increasing number of bush densities resulted in loss of land productivity and reduced 

carrying capacity. However, animals heavily depend on these browses as source of fodder 

especially during the dry season; therefore, complete removal should not be considered. Past and 

current studies provided a lot of evidence on woody browse as an alternative feed resource for 

livestock, locally available and inexpensive and good source of protein that do not compete with 

human food. 

Literature have revealed the nutritional value of woody species, been estimated from one browse 

to another, their leaves, fruits or pods using different method. Scholars have also highlighted the 

nutritive value of woody plants as determined by various factors such as type of browse, chemical 

content, stage of maturity or season, climatic condition and nutrients in the soil. Crude protein 

content in fruits and pods tended to be high than other part of the plant, however feeding value are 

low when the fibre and lignin content are high Tannin content also tended to be high in fruits and 
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young leaves. Such trees also maintain sufficient nutritional level during critical times of the year 

and available in dry season. Soil nutrient influence the chemical content of the browse indirectly 

especially in minerals thus mineral supplementation is recommended on browsing animals. 

Various studies which had embarked on browse as feed supplements reported beneficial nutritional 

effects including increased growth in young animals, improved milk production and meat quality 

and fatty acid composition, improved fibre and wool quality, minimized internal parasitic load in 

small ruminants and reduced methane and ammonia emissions.  

To recapitulate, woody browse have been reported to contain varying amount of anti-nutritive 

factors, such that if animals consume large quantities of tannin rich feeds may cause toxicity. 

Browse processing techniques such as the use of tannin-binding agents such as polyethylene glycol 

(PEG) have been shown to be effective, while recommendations are focused on exploring local 

treatments such as the use of wood ash and activated charcoal. Their acceptance in subsistence 

farming could be inhibited with availability and affordability. Therefore, appropriate feeding 

strategies have been emphasized based on the nutritional evaluation of the woody browse foliages. 
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CHAPTER 3:  

THE CHEMICAL COMPOSITION OF S. MELLIFERA MILLED BIOMASS COLLECTED IN 

NINE BLOCKS AT NEUDAMM FARM. 

3.1. Introduction 

Browse plants are an important feed resource during the dry season in Southern Africa, when grass 

biomass and quality is low (Ndlovu and Nherera, 1997). There has been limited animal feeding 

trials conducted with woody plant browse in Southern Africa (Smith et al., 2005b), because of the 

efforts, cost involved and the difficulty in collecting sufficient quantities of potential browse 

species. Many studies (Ndlovu and Nherera, 1997; Osuji and Odenyo, 1997; Dube et al,. 2001; 

Osuga et al,. 2007; Makkar et al,. 2007) on nutritive value of woody species have been limited to 

chemical composition regardless of past recommendations (Le Houerou, 1980) that priority 

research should be given to in vivo digestibility studies.  

Numerous browse species have been evaluated as alternative feed resources as protein supplement 

during dry season (Ndlovu, 1997; Osuji and Odenyo, 1997; Dube et al,. 2001; Osuga et al,. 2007; 

Makkar et al,. 2007). Tree and shrub species that produce both leaves and pods thus contribute 

substantially to the diets of livestock (Sikosana et al., 2002b). Browse plants are reported to be of 

good nutritive value ranging between 100- 280 g/kg of CP and low to medium content of NDF 

from 110- 646 g/kg (Sibanda and Ndlovu, 1993).  

In addition to woody plants potential to provide fodder for livestock, they are believed to contain 

anti-nutritional factors which have varied animal response when ingested (Mueller-Harvey, 2006). 

Larbi et al. (1998) reported data on nutritive value and the seasonal variation in quality of some 

browse plants in West Africa. The Senegalia mellifera species has been identified as the dominant 
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encroacher specie in the Namibian rangelands (de Klerk, 2004; MAWF, 2014 and SAIEIA, 2016). 

However, its potential as a potential feed supplements for livestock during the dry period in 

Namibia has not been evaluated (Honsbein, 2016). Therefore, the objective of this study was to 

evaluate the nutrient and anti-nutrient contents of Senegalia mellifera leaves and twigs (less than 

5 cm) fractions at Neudamm farm.  

3.2. MATERIALS AND METHODS 

3.2.1 Study location 

This study was conducted at Neudamm Farm, located 30 km east of Windhoek, in the highland 

savanna of Namibia (Figure 3.1). Neudamm Campus (Figure 3.2) lies between 22o and 23.30oS 

and 15.30o and 18.30oE. The vegetation type in this area is classified as highland savanna (semi-

arid savanna) (Figure 3.1). The average annual rainfall around Neudamm ranges from 350-400 

mm, with much of the rain experienced during summer season (January-April) (Mendelsohn et al., 

2002). The soil is dominated by homogenous Lithic Leptosols and Eutric Regosols soil types. 

 

Figure 3. 1.Vegetation types in Namibia depicting the highland savannah (Source: MAWF, 2003). 
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Figure 3. 2. Neudamm farm map (Source: Neudamm Farm, 2018).  
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3.2.2. Sample collection and procedure 

The plant samples used in this study were collected at Neudamm farm (Figure 3.2.). The plant 

species Senegalia mellifera was selected based on its abundance in the area, preference, and 

accessibility to browsing livestock and game animals. The samples collected were mainly a 

composition of leaves and twigs of less than 5 cm diameter. Samples were collected through a 

purposive sampling which is a non-probability sample that is selected based on characteristics of 

a population. This was achieved by selecting five camps in each of the nine blocks (5 camps in 

each of the 9 blocks = 45 camps) (Figure 3.3) for the whole area, whereby two belt transects 

measuring 50m x 2m were laid in each camp and in each of the belt transect 5 plants of Senegalia 

mellifera were chosen randomly and twigs less than 5 cm diameter were harvested. Samples for 

each transect were combined and this resulted in a total of two samples per camp and an overall of 

ninety samples, from the 45 camps sampled, of Senegalia mellifera leaves and twig fractions. The 

samples were stored for a week in grey paper bags and shade dried in a warehouse at ambient 

temperatures. The samples were collected in the month of March to May 2018. The sampled camps 

in the 9 blocks are shown in Figure 3.3 below.  
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Figure 3. 3. The sampled camps in each block (Source: Neudamm farm). 
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3.2.3. Chemical analysis 

The shade dried Senegalia mellifera samples were milled to pass a 2mm sieve screen using a 

laboratory bench mill. The milled samples were analysed for Dry matter (DM) content by placing 

the sample in the oven at 105° C for 5 hours (AOAC, 2007). Total ash was obtained by igniting 

the samples in a muffle furnace at 550° C overnight and the remaining residue was ash. Organic 

Matter (OM) was calculated by the difference of DM and Ash values. Total Nitrogen (N) was 

determined by Kjeldahl method and crude protein was obtained by calculating N x factor 6.25. 

Neutral detergent fibre (NDF) and acid detergent fibre (ADF) was determined as described by van 

Soest et al. (1991). Hemicellulose was calculated as the difference of NDF and ADF. Calcium 

(Ca) and Phosphorus (P) elements were analysed using the Inductively Coupled Plasma-Optical 

Emission Spectrometry (ICP-OES) Model; ICAP 6000) (Thermo Fischer Scientific, Bremen, 

Germany) and the UV-VIS Spectrometer (GR 6000). Total phenols (TP) were analysed using the 

Folic-Ciocalteu method of Makkar et al. (1993), coupled with the use of insoluble matrix, 

polyvinyl polypyrrolidone (PVPP) for measurement of Total tannins(TT) using a Standard tannic 

acid solution (y = 0.0192x + 0.0203; R2 = 0.9996; Absorbance at 725 nm) and results were 

expressed as tannic acid equivalent on a dry matter basis Condensed tannins (CT) were determined 

using the butanol-HCL method (y = 0.0411x + 0.0057; R2 = 0.9986; Absorbance at 550 nm) of 

Porter et al. (1986) expressed as (% in dry matter) as leucocyanidin equivalent. All analysis were 

performed in duplicates. 

3.2.4. Statistical analysis 

Chemical composition data means were compared in a one way analysis of variance using SPSS 

version 2.2 of 2010. The differences in the chemical composition means were established by the 
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Duncan’s new multiple range test (Steel and Torrie, 1980). Unless or otherwise indicated, 

significance was declared at p <0.05. 

3.3. RESULTS  

The chemical composition results of Senegalia mellifera milled biomass are presented in Table 

3.1 and the results showed that there was a significant difference (p <0.05) in nutrient content of 

Senegalia mellifera milled biomass harvested from the nine blocks. The DM content of the 

Senegalia mellifera milled biomass was high (p<0.05) in Block C (94.70%) with block J and D 

higher (p <0.05) than A and B. Blocks E, F and G had the lowest DM content. The highest amount 

of ash was observed in Block G, C and A (5.97, 5.01 and 5.01 % DM, respectively). The milled 

biomass organic matter (OM) content was lower (p<0.05) in samples from blocks G, A and C 

compared to the other blocks. There was a significant (p<0.05) difference in the crude protein (CP) 

of the milled biomass from the nine blocks. Block B had the greatest (p<0.05) CP content while 

that of blocks F, H and J were the least. The ether extracts content varied significantly (p<0.05) 

among the nine blocks with values ranging from 1.17 to 1.51%. 

The fibre fractions in the milled biomass from the nine blocks differed significantly (p<0.05).The 

Neutral Detergent Fibre (NDF) content was high (p<0.05) in Block F (64.33%) with Block D 

higher (p<0.05) than Block C and H. Block A, B, H, J and G had the lowest. The Acid Detergent 

Fibre (ADF) content from block A, B, C and E were similar (p>0.05) to that from the other blocks. 

The hemicellulose (HC) content was lower (p<0.05) in samples from blocks G (13.62%) and C 

(14.38%) compared to the other blocks. The mineral content among the nine blocks differed 

significantly (p <0.05). The Calcium (CA) content was high (p <0.05) in all blocks except block 

H (0.62%) with lowest Ca content. The highest amount of Phosphorus (P) was similar in Block A, 

B, D, E and F.  The results for the phenolic composition of Senegalia mellifera milled biomass are 
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presented in Table 3.2. The results showed that there was no significant difference (p >0.05) in the 

phenolic content of Senegalia mellifera milled biomass harvested from the nine blocks. The Total 

phenols (TP) content of the bush feed was similar in all blocks (p >0.05).The highest amount of 

Total Tannins content was observed in Block E (1.39%) but not significant different from other 

blocks (p >0.05). The condensed tannins (CT) content of milled bush feed from all blocks did not 

differ (p >0.05). 
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Table 3. 1.Chemical composition (%DM) of Senegalia mellifera milled biomass. 

BLOCK 

ID 

%DM %ASH %OM %CP %FAT %NDF %ADF %HC  %Ca %P 

A 94.13±0.01cd 5.01±0.16ab 89.12±0.16ab 9.60±0.00c 1.51±0.01a 60.88±0.21d 44.02±0.06d 16.86±0.1ab 1.28±0.02a 0.07±0.00a 

B  93.69±0.00d 4.76±0.14b 88.92±0.14a 9.71±0.00a 1.45±0.02ab 60.49±0.1de 43.77±0.11d 16.72±0.20ab 1.24±0.04a 0.07±0.00a 

C 94.70±0.01a 5.01±0.02ab 89.69±0.02ab 9.68±0.01b 1.38±0.01c 61.82±0.1c 44.29±0.03d 17.53±0.10a 1.27±0.09a 0.06±0.00ab 

D 94.27±0.02bc 4.76±0.22b 89.51±0.22a 9.61±0.00c 1.17±0.01d 63.47±0.00b 47.38±0.37b 16.09±0.40b 1.27±0.02a 0.07±0.00a 

E 93.99±0.03de 4.86±0.32b 89.13±0.32a 9.50±0.01d 1.39±0.02bc 61.97±0.3c 44.71±0.05d 17.25±0.23ab 1.24±0.02a 0.07±0.00a 

F 93.90±0.04e 4.73±0.52b 89.17±0.52a 9.42±0.01f 1.19±0.01d 64.33±0.01a 48.01±0.44a 16.32±0.45ab 1.17±0.01a 0.07±0.00a 

G 93.95±0.00e 5.97±0.18a 87.97±0.18b 9.47±0.02e 1.39±0.04bc 59.17±0.3ef 45.55±0.29c 13.62±0.60d 1.24±0.00a 0.04±0.00c 

H 93.82±0.10ed 4.71±0.13b 89.11±0.13a 9.41±0.00f 1.38±0.00e 62.22±0.1c 46.09±0.52c 16.12±0.44b 0.62±0.02b 0.02±0.00d 

J 94.39±0.12b 4.48±0.56b 89.90±0.56a 9.39±0.00f 1.49±0.02a 60.37±0.01e 45.98±0.46c 14.38±0.46c 1.43±0.25a 0.06±0.00b 

Legend: DM=Dry Matter; Ash; OM=organic matter; CP=Crude protein; FAT=crude fat; NDF= neutral detergent fibre; ADF=acid 

detergent fibre; HC=Hemicellulose; Ca= Calcium; P= Phosphorus.  abc Mean with same superscripts in a column do not differ (p >0.05).  
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Table 3. 2. Phenolic composition (%DM) of Senegalia mellifera milled biomass.  

BLOCK 

ID  

TP 

(%DM tannic acid equivalent) 
TT 

(%DM tannic acid equivalent) 
CT 

(%DM leucocyanidin 

equivalent) 

A 1.12±0.00a 0.37±0.01a 0.03±0.00a 

B  1.13±0.00a 0.39±0.01a 0.03±0.00a 

C 1.12±0.00a 0.37±0.01a 0.03±0.01a 

D 1.11±0.00a 0.38±0.01a 0.03±0.00a 

E 1.13±0.00a 0.37±0.01a 0.02±0.01a 

F 1.13±0.00a 0.37±0.01a 0.02±0.01a 

G 1.12±0.00a 0.38±0.01a 0.03±0.01a 

H 1.13±0.00a 0.39±0.01a 0.02±0.01a 

J 1.12±0.00a 0.37±0.01a 0.02±0.01a 

Legend: TP = Total phenols; TT= Total tannins and CT= Condensed tannins. abc Mean with same superscripts in a column do not differ 

(p >0.05). 
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3.4. DISCUSSION  

3.4.1. Chemical composition of Senegalia mellifera milled biomass. 

Browse plants leaves and twigs often remain green until the dry seasons, thus have the ability to 

provide livestock with supplementary nutrients for maintenance, growth and reproduction. 

According to Fadel et al. (2002) and Osuga et al. (2007) the chemical composition of browse 

species has been reported to be variable due to the different proportion of leaves, petioles and 

twigs. Despite the significance of the analysis, the reported nutritional values of Senegalia 

mellifera bush feed of this study are almost similar to those reported by Honsbein et al. (2017) in 

Namibia. 

The DM of Senegalia mellifera milled biomass (leaves and twigs less than 5cm) recorded in this 

study of 94.70 % was comparable to that recorded in Namibia by Lucia (2010) of 94.47 %in a 

study of Senegalia mellifera leaves and pods. The DM content observed in the current study was 

higher than 34.1% reported by Hauze and Tran (2015) in a study that focused on Senegalia 

mellifera leaves only.  

The ash content of 5.97 % recorded in this experiment was closer to 6.59 % recorded by Lucia 

(2010) and lower than 9.0% recorded by Abofosian (2003). The 4 to 5 % of ash indicates a 

considerable amount of minerals available for livestock. The analysis of ash content is simply the 

burning out of organic matter content, leaving inorganic minerals. The determination of Ash is 

important as it reveals the physiochemical property of the feeds, as well as retard the growth of 

microorganisms. 

The OM recorded in this study that range from 87.97% to 95.52 % was similar to that reported by 

Lucia (2010) of 87.88 %DM in Namibia and 88.1-92.4 % reported by Fadel et al. (2002) in mature 
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S. mellifera leaves in Central Sudan. The OM recorded was also comparable to 93% recorded by 

Abdulrazak (2000) in S.mellifera leaves in Kenya. A difference in the ratio of leaf to twigs in 

samples used for analysis could be partly responsible for the differences in the DM, Ash and OM 

contents of the bush feed.  

The nutritional analysis of Senegalia mellifera bush feed shows that the crude protein (CP) which 

ranged from 9.39 to 9.71% were sufficient to meet the minimum maintenance requirements of 7-

8% required for optimum rumen function and feed intake in ruminant livestock (Van Soest, 1994). 

Given the high CP content of the Senegalia mellifera, this fodder resource can be considered a 

suitable supplement for poor quality (low N content) natural pastures and crop residues such as 

grass hay, straw and stover (Osuji and Odenyo, 1997; Osuga et al., 2007). 

The crude fat (FAT) or Ether extract reported in the present study range from 1.38% to 1.51%. 

Crude fat content is estimated by extracting a ground feed sample with diethyl ether. The reported 

results are comparable to the crude fat content of 1.43 % recorded by Abofosian (2003). However, 

Le Houerou (1980) noted that ether extract is lower as nitrogen extract.   

According to Abofosian (2003) the significance of the higher ether extract of shrubs is not 

understood. The neutral detergent fibre (NDF) in S.mellifera bush feed reported in this experiment 

ranged between 59.17 % and 64.33 %, which is higher in comparison with Lucia (2010) who 

reported an NDF value of 33.6 % S.mellifera leaves. In comparison to other browse species, NDF 

content was reported lowest (323 g/kg) in Combretum apiculatum (Lukhele and Ryssen, 2003) 

and higher in the leaves of Terminalia sericea (647 g/kg DM: Ndlovu and Nherera, 1997). The 

values of NDF were in the range as those reported by van Soest (1994) from 540 to 770 g/kg for 

different forage species. Abdulrazak (2000) reported a low NDF value of 26.9 %, while Fadel et 

al. (2002) reported 55.55 %.  The neutral detergent fraction (NDF) of the diet describes those 
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forage components that are slowly degradable in neutral solvent such as cellulose, hemicellulose 

and lignin. The acid detergent fibre (ADF) fraction includes cellulose and lignin. The ADF 

recorded in this study ranges from 43.77% to 55.55 %. According to Topps (1992) and IAEA 

(2006), higher values of cell wall fractions in forage have been attributed to woody twigs included 

during the analysis. The analysed samples constituted a big fraction of energy source hence it can 

be assumed that more energy would be released to the animal during digestion. Hemicellulose 

recorded in this experiment was calculated as the difference of NDF and ADF. Hemicellulose 

content recorded in this experiment ranges from 13.62 % -17.53 %. The recorded hemicellulose 

fraction was higher as compared to 7.8 % reported by Abdulrazak (2000). The recorded low to 

moderate fibre content of S.mellifera is assumed to benefit the voluntary intake and digestibility 

of poor quality roughage (Osuji and Odenyo, 1997). 

The calcium (Ca) and phosphorus (P) content of 1.2% and 0.1%, respectively, obtained in this 

indicates a potential mineral content apart from others in the fractions available for animal’s 

maintenance in periods of fodder shortage. According to literature, Browse species in most cases 

have much higher Ca: P than the requirements of the animal such as that described by Rubanza 

(2005) of (6.6:1-31.5:1) and Rubanza et al. (2006) of 13.8:1-55.1:1. Phosphorus levels for most 

browse species range from 1-5 g/kg DM as noted by Rubanza et al. (2006), Mtengeti et al. (2006) 

and Mtui et al. (2008). However, Abdulrazak et al. (2000) noted similarly ranges of Calcium and 

phosphorus as those reported in the present study of 1.2% and 0.1%. Abdulrazak et al. (2000) 

reported that in Acacia species, calcium and phosphorus ranges from 0.7-1.6 g/kg DM. Other 

authors also concluded that the minerals concentrations in browse species in most legumes have 

range from 0.1-6.6 g/kg DM (Abdulrazak et al., 2000; Rubanza et al., 2006; Mtengeti et al., 2006 
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and Mtui et al., 2008). Norton (1994) made similar observations and accounted the differences in 

chemical composition to harvesting regimes, soil type and age in addition to the aforesaid factors. 

3.4.2. The phenolic composition of Senegalia mellifera milled biomass. 

The concentration of Total Phenolic (TP) compounds in Senegalia mellifera fractions showed 

considerable less variation among the blocks. The highest Total phenolic (TP) concentration of 

1.13g/DM recorded in block E, F and H, may not be due to the plant species only, but also to the 

time of sample harvest or season, plant maturity and growth stage (Barry, 1999; Makkar et al., 

2007). The results of the total phenols obtained provides another insight to evaluate and 

characterize all types of phenols that constitute the whole, apart from tannins that might all hinder 

nutrient utilisation in this promising forage materials.  

The considerable less variation observed in the analysed fractions when considering the phenolic 

fractions could be related to the method of analysis (in this study Folin-Ciocalteu method was used 

to determine Total phenols (Makkar et al.,1993a),Tannins were determined by the use of insoluble 

matrix, polyvinyl polypyrrolidone (PVPP) and Condensed tannins were determined by the HCL-

Butanol method by Porter et al.(1986), as the type and amount of tannins present in each substrate 

may have a different reactivity with the chemicals used for each method. The lack of accurate 

laboratory techniques and reliable compounds to be used as standards are major difficulties in the 

phenols analysis. Therefore, differences between this study tannin values and others reported in 

the literature could be due to the nature of the assays used, nature of tannin in different fodder 

species (Ammar et al,. 1999 and 2004; El Aich, 2004 and Alam et al,. 2007), standards used for 

the quantification, plant growth stage, and the influence of soil and climatic factors (Rubanza et 

al., 2005). 
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 A low content (1.11-1.13g/DM) of Total Tannins recorded in this study was in agreement with 

values reported by various authors (Al-Soqeer, 2008; Ben Salem et al., 2010, Honsbein, 2018.). S. 

mellifera foliage have been reported that it contains tannins, however the reported tannin content 

is extremely variable (Fade et al., 2002; Osuga et al., 2007). Condensed tannins have been found 

to be present either in low amounts (0.2% DM, Osuga et al., 2007 and Wambui et al., 2012), or in 

much larger quantities: in Sudan, from 1.4% DM in the early dry season (late October) to 5.7% 

DM in the late dry season (early June) (Fadel et al., 2002). Tannins are a subclass of plant 

polyphenols, which are distinguished from other polyphenols by their ability to form complexes 

with and precipitate proteins (Hagerman and Butler, 1978; Hagerman, 2012). Occurring tannins 

are traditionally broadly divided into two categories: hydrolysable (HT) and condensed tannins 

(CT), whose structures are distinctly different. Although tannins have been characterized 

predominately on the basis of their ability to bind proteins, reports dating back to as early as the 

1930s describe tannins on the basis of “their astringent taste and for their many precipitation 

reactions with lime, lead acetate, alkaloids, gelatin, albumin, and other proteins, and also for their 

color reactions with iron salts” (Maitland et al., 1936).  

Many of these interactions with tannins and organic compounds or trace elements are still of 

interest today in agricultural research, especially where their potential impact on animal production 

is concerned. This is likely due to the many challenges and limitations associated with definitively 

answering questions related to the interactions of tannins in animal physiology and nutrition. It has 

become evident that furthering our understanding of using tannins in animal production is going 

to require a better understanding of the role of tannin chemistry in animal interactions. Perhaps 

this was evident in the 1920s, when Freudenberg put forth a classification scheme for tannins 

including HT, CT, and an unclassified group of tannins (Maitland et al., 1936), the latter suggesting 

https://www.feedipedia.org/node/18573
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the existence of tannin structures that were not well understood. However, given the fact that HT 

(e.g. punicalagin) have hepatotoxic and nephrotoxic effects on some livestock (Filippich et al., 

1991), CT are often the focus of research associated with tannin-animal interactions.  

Nonetheless not all plant species produce CT; and among those that do, concentration and chemical 

characteristics are highly variable. According to Makkar (2003a) forage plants, such as legumes 

that are rich in CT, are also generally rich in nutritive value (e.g. protein). For animals that consume 

CT-containing legumes, perhaps the high nutritive value of the legume helps to counteract the 

often-observed anti-nutritional effects of CT when animals consume high concentrations of 

biologically active forms. Although it is frequently overlooked or disregarded, the fact that much 

of the biologically active CT-producing plants demonstrate anti-nutritional effects on animals that 

consume them cannot be ignored. However, generalizations regarding anti-nutritional effects of 

CT on animals are common (Fadel et al., 2002; Hagerman, 2012). Examples of these 

generalizations include decreased diet palatability, depressed intake at dietary CT concentrations 

exceeding 5% of dry matter (DM), depressed digestibility of nutrients (protein, carbohydrates, and 

fats), and depressed feed efficiency and production of animal products.   

Mueller-Harvey (2006) provided some much needed clarification and context for better 

understanding of these anti-nutritional responses. According to Mueller-Harvey (2006), 

palatability is often based on astringency associated with CT-protein complexes formed from 

proteins in saliva; thus, the greater the protein bound by CT, the greater the astringency and the 

lower the palatability. However, not all CT bind protein equally. For example, Desmodium 

paniculatum produces a greater concentration of CT that demonstrate lower protein binding as 

compared with ,Neptunia lutea or Lespedeza cuneata that produce lower concentrations of CT 

with more protein-binding activity (Naumann et al., 2014b). In another study, Onobrychus 
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viciifolia containing 9-10% CT was more palatable to sheep than Lotus corniculatus, which 

contain much lower concentrations of CT at 2.6-4% (Häring et al., 2008). Intake is, at least 

initially, related to palatability. The low level (0.18-0.31%DM) of CT analysed in Senegalia 

mellifera bush based feed accounts for nearly 1% of the Dry Matter, which is below the generalized 

concentration of 5%DM considered not harmful to animals. It is possible that, intake may be 

depressed at concentrations less than 5% of DM when the CT are more effective at protein binding 

and at concentrations greater than 5% DM when the CT are less effective. The low content 

phenolic composition obtained in this study is in agreement with the results of Honsbein et al. 

(2008),who stated that, the underlying assumption that the bush based materials contains tannins 

might be wrong, after the addition of PEG (5g/d) did not improve protein digestibility in bush 

based feed resources, However no tannin analysis method was conducted.  

3.5. CONCLUSION 

Based on the results of this study, Senegalia mellifera bush based feed can be considered a protein-

rich roughage for ruminants, with its low content of tannins, although its high fibre content is an 

important constraint that might limit its digestion in the gastrointestinal tract of ruminants. Based 

on its chemical composition, it is also necessary to validate the nutritive value of such woody plant 

through animal-feeding experiments. The leguminous fodder tree, showed high protein contents 

and if mixed with other supplements would be more digestible owing to its lower tannin content. 

All of this information may be used to define strategies for rational utilization of rangelands in 

particular to make decisions about the optimum time to use the fodder trees as a feed resource. The 

study therefore rejected the null hypothesis and concluded that, there is significant difference in 

the chemical composition of A. mellifera milled biomass collected from nine blocks at Neudamm 

farm.   
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CHAPTER 4:  

FEED INTAKE, DIGESTIBILITY AND NITROGEN BALANCE IN BOER GOATS FED 

WITH S. MELLIFERA BUSH BASED FEEDS TREATED WITH OR WITHOUT DIFFERENT 

ANTI-NUTRITIONAL DEACTIVATING METHODS. 

4.1. INTRODUCTION 

Lack of quality feeds, mostly during the prolonged dry season in Southern Africa, has increased 

the need to provide supplementary feeds to maintain livestock farming (Hove et al., 2001). 

Nevertheless, there has been a drastic increase in costs of feeds in recent years owing to the 

economic hardship faced by most African countries.  

The concept of producing animal feed from encroaching browse woody plants especially 

Senegalia mellifera has gained interest in recent years as protein supplements during the dry 

season. However woody trees and shrubs of the former genus Acacia has been reported to contain 

condensed tannins that reduce browse utilisation efficiency by herbivores (Tanner et al., 1990; 

Phale and Madibela, 2006; Nsahlai, 2011). 

Condensed tannins acts as defensive mechanism in plants against herbivory (Cooper and Owen-

smith, 1985). According to Zucker, 1985 and Reed et al. (1990), condensed tannins are water 

soluble polymeric phenolics that bind to proteins, preventing microbial attack on proteins and 

reduce microbial enzymes activity (Ngwa et al., 2003; Nsahlai et al., 2011) in the rumen. In 

ruminants, condensed tannins is documented to be responsible for reduced forage intake (Tanner 

et al., 1990; Mueller-Harvey and McAllan, 1992), digestibility and Nitrogen retention (Tanner et 

al., 1990; Silanikove et al., 1997).  
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Although the negative effects of tannins on the performance of animals has been documented 

(Tanner et al., 1990; Silanikove et al., 1997; Ngwa et al., 2003; Nsahlai et al., 2011), it has been 

distinguished that tannin-protein complexes are stable in near neutral PH environment of the 

rumen, but disintegrate on reaching the acid environment of the abomasum (Reed, 1995) and the 

alkaline environment of the small and large intestines.  

Given such a trend, tannins increases nitrogen flow to post ruminal sites, thus an increase in 

nitrogen retention and animal weight gains (Mueller-Harvey and McAllan, 1992; Reed, 1995, 

Kaitho et al., 1997; Nsahlai et al., 1999). Various detannification treatment methods has been 

proposed that could increase the efficiency utilisation of protein in different tanniferous forages. 

However, there are few reports on the effect of treatments on Tannins in Senegalia mellifera forage 

feeds on the intake digestibility and animal performance.  

Various treatment methods have been used to alleviate the deleterious effects of tannins in 

tanniferous browse tree forages, including the use of Polyethylene glycol (PEG, 4000 or 6000), 

Wood Ash (WA) and the use of Activated charcoal (Biochar). The tannin binding compound PEG, 

binds to tannins with a higher affinity than protein (Barry and Duncan, 1984; Waghorn, 1990; 

Silanikove et al., 2001; Smith et al., 2005; Priolo et al., 2005; Mlambo et al., 2007), hence 

increasing the availability of protein for utilisation by ruminants. Wood ash and Biochar provides 

an alkaline environment in in the digestive tract in which tannins undergo oxidation to inert forms 

(Mueller-Harvey and McAllan, 1992; Smith et al., 2005) hence deactivate the protein–tannin 

complexes bonds and releases protein for digestion and absorption by ruminants (Makkar, 2003; 

Smith et al., 2005). Nevertheless having this knowledge of the effect of this detannification 

treatments in tanniferous forages, few attempts have been made to determine their efficacy on 

Senegalia mellifera bush based feeds and the subsequent impact on goats’ performances. 



81 
 

Despite the existing scientific evidence that goats produce proline-rich proteins (PRPs) that 

precipitate tannins and thus allows them to consume tanniferous forages (Shimada, 2006), it has 

been noted that this adaptations comes about following chronic exposure to tanniferous forages. 

Nevertheless, Hanovice-Ziony et al. (2010) determined that salivary tannin biding proteins did not 

have an impact in Mediterranean goats upon being fed tanniferous forages. Equally, Makkar 

(2003) reported that despite goats being fed tannin rich oak leaves, in winter, the saliva of goats 

did not contain PRPs. In addition, Salem et al. (2013) noted that chronic exposure, with daily saliva 

sampling over a month period to condensed tannins did not increase the protein concentration in 

parotid saliva of goats. Furthermore, goats have been used by various researchers in evaluating the 

efficacy of different detannification agents (Getachew et al., 1998; Makkar, 2003; Nguyen and Ly, 

2002; Shimada, 2006; Salem et al., 2015). More importantly, goats are the predominant small 

ruminants in Namibia, owned by both commercial and communal farmers which are often affected 

by scarcity of nutritional sufficient feeds especially during the dry seasons. Although goats are 

considered being adapted to tannins (Mlambo, 2004; Shimada, 2006), due to the insufficient 

intellectual capacity of the tannins adaptation mechanisms combined with different views with 

regards to the role of PRPs in goats adaptations to tanniferous forages, the mechanisms reported 

in the literature might not hold under semi-arid conditions of Namibia, hence goats were used in 

this study. The objective of this study was to determine the effect of treating S. mellifera bush 

based feed with PEG, Wood ash and biochar on intake, digestibility and nitrogen retention in Boer 

goats.  
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4.2. MATERIALS AND METHODS 

4.2.1 Description of study site 

The site is as described in Chapter 3.  

4.2.2. S. mellifera bush based feed resources 

 The bush based feed resources were collected at the Neudamm Farm. The bush based feed 

resources were harvested by selectively cutting down S. mellifera bushes and prune off the twigs 

and leaves fractions with a panga (machete) in the month of February and March 2018. The twigs 

and leaves biomass were then chipped into smaller chips using a wood chipper (Junkkari chipper, 

YLIHARMA Pvt., FINLAND) and shade dried at ambient temperatures for one week on a black 

polythene plastic in warehouse. After shade drying, the biomass was further fine milled by passing 

through a 4mm sieve using a hummer mill and packed into bags awaiting diet formulation, 

treatment and feeding to goats. 

The larger stems and branches were chopped (cut) into shorter logs and burned in a Kon Tiki Kiln 

to produce activated charcoal (Biochar) and the remaining fragments and chips were burned up on 

a concrete floor to produce wood ash powder. Polyethylene glycol (PEG, 6000) was purchased at 

a local animal feed retailer (Agra, Windhoek Namibia). The three (Biochar, wood ash and PEG) 

were the detannification treatments used in the experiment. 

During feed formulation, the milled biomass of S. mellifera (30% inclusion) was mixed using a 

clean concrete mixer with the following ingredients to formulate a complete diet: yellow maize 

meal (26%), liquid molasses (20%) as energy source; Marula oil press cake (20%) as a protein 

source and coarse salt (1%) as a source of minerals, while treatments were added at 3%. 
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4.2.2. Animals and treatments 

Eight (8) female Boer goats, aged 30 to 35 moths, with an average initial body mass of 31.5 kg (± 

2.5 kg), were used in the feeding trial. The goats were penned individually in the metabolic cages 

measuring 120 cm long, 54 cm wide and 90 cm above the ground, allowing the total collection of 

faeces and urine separately. The metabolic cages used in the experiment had two compartment 

(one compartment for clean water that was available ad libitum and the second compartment was 

for the feeds). Before commencing with the experiment the goats were dewormed with Swavet 

Rox-Trami-cide, (3.0 ml /10 kg body mass) a remedy against roundworms, liver fluke and Nasal 

bot. The goats were weighed before the feeding trial and at every beginning of a new period during 

the experiment. The goats were allowed to adapt to the metabolic cages and the diets for ten (10) 

days which was sufficient to reach a stable consumption level, followed by 7 days of total 

collection of faeces and urine daily during each period .Two goats were assigned on each treatment 

diet per period in four (4) periods and the diets were rotated allowing all goats’ exposure to each 

diet. Each period lasted for 17 days, resulting in 68 days of experimental feeding. The goats were 

fed twice daily at 09:00h and 16:00h. The level of dry matter (DM) of feed offered was 4% of 

body weight BW). The three treatments were offered at a level of 5g/goat/day at feeding time by 

mixing (2.5g in the morning and 2.5 grams in the afternoon) it with the feed offered. The PEG 

used had a molecular weight of 6000 and a pH of 6, while Biochar and Wood ash had a pH of 10 

and 12, respectively. Total output of faeces and urine from each goat were collected at 7:00 a.m. 

from the metabolic cages every morning. Faeces were then weighed and 10% of the total faecal 

matter was dried in an oven at 600C for 48hs and milled to pass to pass a 2mm screen using a bench 

mill awaiting analysis. A measuring cylinder was used to determine daily urine volume and 10 ml 

of 0.1 N sulphuric acid was added to urine to prevent nitrogen volatization (Dube, 2003). The urine 
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samples which was 10% of the total output, were bulked over the collection period and stored in a 

freezer (-20 oC), awaiting analysis. Feed intake for each day during the collection period were 

determined by subtracting the mass of the feed refused from the mass of feed offered, before 

putting the feed for the next day. The goats were fed with the experimental feeds in a 4X4 cross 

over Latin square design with four periods of experimental feeding as shown in Table 4.1 
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Table 4. 1. The 4X4 cross over Latin square experimental design used in the Feeding trial. 

 

Legend: CNT= untreated feed; PEG= control feed treated with PEG; BIO= control feed treated with 

BIOCHAR and WA= control feed treated with WOOD ASH. 

 

4.2.3. Chemical analysis.  

A sample from each experimental feed and faeces was dried in an oven at 600C for 48hs and milled 

to pass to pass a 2mm screen using a bench mill awaiting analysis. Dry matter (DM) content of the 

feed and faeces was determined by placing the sample in the oven at 105° C for 5 hours (AOAC, 

2007). Total ash was obtained by igniting the samples in a muffle furnace at 550° C overnight and 

the remaining residue was ash. Organic Matter (OM) was calculated by the difference of DM and 

Ash values. Total Nitrogen (N) was determined by Kjeldahl method and crude protein was 

obtained by calculating N x factor 6.25. Neutral detergent fibre (NDF) and acid detergent fibre 
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(ADF) was determined as described by van Soest et al. (1991). The difference between nitrogen 

intake and nitrogen output in faeces and urine was a measure of nitrogen retention. 

4.2.4. Statistical analysis  

Chemical composition means of the diets, digestibility coefficients, faeces and nitrogen output 

were compared in a one way analysis of variance using SPSS version 2.2 of 2010. The differences 

were established by using the Duncan’s new multiple range test (Steel and Torrie, 1980). Unless 

or otherwise indicated, significance was declared at p <0.05. 

4.3. RESULTS 

The nutritional content of the diets are presented in Table 4.2. The results showed control diet 

(CNT) had the highest dry matter (94.49%) content, however it was not significant different (p 

>0.05) (Table 4.2) with that of the other diets. The wood ash (WA) treated diet had the most ash 

content of 19.88%DM (p < 0.05), followed by biochar treated diet of 17.12%DM (p <0.05) 

compared to the PEG treated diet of 10.10 %DM (p >0.05) and the control died diet of 11.12(p 

>0.05) (Table 4.2).  

The organic matters content of the formulated diets differs significantly (p < 0.05) (Table 4.2).The 

organic matter of the diets was observed lowest in wood ash (WA) treated diet (74.52 %DM) (p 

<0.05) and highest in PEG treated diet (84.21%DM) (p <0.05) and the control diet (83.37%DM) 

(p <0.05). The protein content (CP) of all diets were similar (p >0.05) and ranges between from 

13.47 to 13.55 %DM. The Neutral detergent fibre (NDF) was similar in all diets (p>0.05), with 

the control diet (CNT) and wood ash (WA) treated diet having the most NDF of 41.52%DM and 

41.86% DM, respectively. 

Table 4. 2. Nutrient composition of S.mellifera formulated diets. 
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Legend: DM=Dry Matter; Ash; OM=organic matter; N=nitrogen; NDF= neutral detergent fibre; 

CNT= untreated feed; PEG= control feed treated with PEG; BIO= control feed treated with 

BIOCHAR and WA= control feed treated with WOOD ASH. abcMeans within columns with 

different superscripts are significant different (p <0.05). 

There was significant difference (p <0.05) in the DMI of different treatments .Biochar treated feed 

had the highest DMI of 963 g/d (Table. 4.3) (p <0.05) compared to other treatments. The DMI of 

the control feed (CNT), PEG and WA was similar (p >0.05) (Table. 4.3). The apparent digestibility 

coefficient of DM, OM and NDF were not different among treatments (p >0.05) (Table 4.3), 

however all treated diets were all lower than their counterparts that were given biochar treated diet 

(p >0.05).  

The nitrogen intake of goats fed different treatments was significantly different (p <0.05) (Table 

4.4). Goats fed Biochar treated feed had the highest nitrogen intake of 13.74g/d (p <0.05) (Table. 

4.4). The nitrogen intake of goats fed the control feed (CNT), PEG and WA was similar (p >0.05) 

(Table. 4.4). The faecal nitrogen from goats consuming different treatments was different (Table 

4.4). Goats fed Biochar treated feed had the highest faecal nitrogen of 8.43g/d (p <0.05) (Table. 

TREATMENT %DM % ASH  %OM  % CP  %NDF  

CNT  94.49±0.32a 11.12±0.3c 83.37±0.34a 13.55±0.02a 41.52±0.15a 

PEG  94.31±0.14a 10.10±0.21c 84.21±0.07a 13.48±0.19ba 40.49±0.43a 

BIO 94.21±0.05a 17.09±0.19b 77.91±0.24b 13.49±0.17ba 40.85±0.07a 

WA 94.40±0.33a 19.88±0.17a 74.52±0.16c 13.47±0.04ba 41.86±0.19a 
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4.4) while faecal nitrogen from goats consuming control feed (CNT), PEG and WA was similar (p 

>0.05).   

Urinary nitrogen from goats consuming different treatments was not significant different (p >0.05) 

(Table 4.4). Goats fed Biochar treated feed had the highest nitrogen retention of 5.11g/d (p <0.05) 

(Table. 4.4) compared to other diets. The nitrogen retention of goats fed the control feed (CNT), 

PEG and WA was similar (p >0.05). All treatments and the control diet resulted in a positive 

nitrogen retention (p >0.05) with mean values of 3.79 to 5.11 g/d. 

Table 4. 3. Feed intake (g/day) and apparent digestibility coefficients of diets offered.  

Legend: DMI=dry matter Intake; OMD= Organic matter digestibility; NDFD= neutral detergent 

fibre digestibility; CNT= untreated feed; PEG= control feed treated with PEG; BIO= control feed 

treated with BIOCHAR and WA= control feed treated with WOOD ASH. abcMeans within 

columns with different superscripts are significant different (p <0.05). 

  

TREATMENT DMI  DMD  OMD  NDFD  

CNT 790±42.09b 0.46±0.04a 0.33±0.03a 0.29±0.03a 

PEG 779±58.97b 0.45±0.03a 0.32±0.04a 0.30±0.04a 

BIO 963±62.23a 0.48±0.05a 0.35±0.04a 0.31±0.04a 

WA 764±50.99b 0.46±0.04a 0.33±0.03a 0.30±0.03a 
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Table 4. 4. Nitrogen (g/d) balance in goats offered S. mellifera formulated diets. 

Legend: CNT = untreated feed; PEG= feed treated with PEG; BIO= feed treated with 

BIOCHAR and WA= feed treated with WOOD ASH. N-INTAKE =diet nitrogen; FAECAL-

N=faecal nitrogen; URINARY-N= urine nitrogen; N-RETENTION=nitrogen retained. abcMeans 

within columns with different superscripts are significant different (p <0.05). 

4.4. DISCUSSION 

4.4.1. Composition of diets 

There are few reports on the use of S. mellifera as livestock feed in the literature. Of these there is 

lack of uniformity in standards used, therefore hindering comparisons. The quality of the bush 

based diets was generally good in terms of improved chemical composition. Irrespective of the 

type of supplements used and the treatments applied, the DM of the bush based diets was fairly 

similar to each other (Table 4.2).The DM recorded in the formulated diets had a mean of 94.21 to 

94.49% and were in the range of those reported by Honsbein et al. (2018) on S. mellifera 

formulated diets fed to sheep’s in Namibia. The results of this study had shown that the added 

supplements (yellow maize, Marura oil cake, liquid molasses and coarse salts) had increased the 

crude protein (CP) levels from 9% to 14% respectively, which is sufficient to meet the 

requirements for microbial growth (Van Soest, 1994) of ruminants and enough to meet the 

TREATMENT N-INTAKE FAECAL-N URINARY-N N-RETENTION 

CNT 11.54±0.6b 6.64±0.6b 0.20±0.04a 4.7±0.87b 

PEG 12.23±0.9b 7.85±0.5b 0.28±0.06a 4.1±0.77b 

BIO 13.74±0.9a 8.43±0.2a 0.20±0.03a 5.11±0.90a 

WA 10.85±0.7b 6.83±0.3b 0.23±0.06a 3.79±0.49b 
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minimum protein requirements of ruminants, 10-12%, estimated by ARC (1985).The fibre content 

ranged among acceptable levels (NDF ranged between 36 and 41%) in the diets. Since roughage 

constituted a big fraction of energy source (Van Soest et al,. 1993) in the experimental diets, it was 

expected that more energy would be released as the roughage get digested by goats during the 

feeding trial. Norton (1994) also indicated that tree forages with a low NDF content (20-35%) are 

usually of high digestibility and species with high lignin content are often of low digestibility. It 

is recognized though that the ultimate indicators of quality are the animals themselves hence 

feeding trials are proposed in order to study the responses from the various feedstuffs. These 

observed moderate NDF results could be an indication that the inclusion levels of the milled bush 

and the type of supplements added to the milled bush was beneficial in topping up the required 

nutrients by the animals such as protein and lowering the NDF fibre fraction. The result clearly 

indicated the dilution effect of wood on the nutritional content of bush feed. Similarly, the lower 

the wood materials is included in the feed, the lower the total fibre content of the feed (NDF), 

which will eventually had less influence on the intake (how much of that feed is voluntarily eaten 

by the animal).  The addition of wood ash, PEG and biochar did not affect the nutritional 

composition of the diets and hence it was assumed that their addition will improve the feed 

digestibility during feeding.  

4.4.2. Feed intake, digestibility and nitrogen retention 

Many studies focusing on woody plants nutritive value have been limited to chemical composition 

regardless of past recommendations (Le Houerou, 1980) that priority research should be given to 

intake and digestibility studies. 

The relative difference in DMI and digestibility coefficients (DM, OM and NDF) in this study 

reflect partly the medium to high structural fibre concentrations of S. mellifera. The addition of 
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PEG, Wood ash and Biochar was found to have no significant effect on the nutritional content of 

S. mellifera diets. The DMI of all treated diets and the control diet in this study ranged from 764 

to 963 g/day respectively. The results of this study are in agreement with Ben Salem et al. (2000) 

who showed that the DMI of acacia foliages by sheep was not affected by the addition of PEG. In 

contrast to the present study findings, Ben Salem et al. (1999) reported that, the intake of Acacia 

cyanophylla by sheep increased as the level of PEG increased and PEG inactivated the condensed 

tannins in Acacia cyanophylla, thus improving microbial organism synthesis and growth of sheep. 

Ben Salem et al. (2005) reported that soaking Acacia cyanophylla in Acacia wood ash solution 

(120 g of wood ash DM/L of water, pH=12.4) decreased total extractable phenols, total extractable 

tannins and extractable condensed tannins, but also reduced OM and CP content. In agreement 

with our study results, Ben Salem reported that, Feeding Acacia cyanophylla treated with wood 

ash solution did not affect intake and OM digestibility and NDF digestibility of Barbarine rams. 

Several studies (Pritchard et al., 1988; Silanikove et al., 1996; Ben Salem et al., 2000) have 

contended that it is possible to deactivate condensed tannins and increase the intake and 

digestibility of shrub foliages containing 1-20% of condensed tannins by the addition of PEG. In 

our study, PEG treated diet DMI was similar to the control diet.  According to Barry and Duncan 

(1984), treating Lotus pendunculatus with PEG deactivated tannins and increase the intake of 

forage by sheep. Mlambo et al. (2004) reported an increase in intake by 50% when PEG was used 

to treat tannins in Dichrostachys cinerea fruits. The factors involved in the digestibility variation 

among browse fodders include the concentration of N, cell wall content, especially lignin, and 

tannins (Moore and Jung, 2001). A low level of CP (less than 80 g/kg DM) is shown to depress 

digestibility, as it is not sufficient to meet the needs of the rumen bacteria (Norton, 1998).On the 

other hand, low NDF content (20 to 35%) has been shown to result in high digestibility, while 
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lignification of the plant cell wall decreases the digestibility of plant material in the rumen (Moore 

and Jung, 2001).   

The high intake of 963 g/day in Biochar treated diets in this study was in agreement with Poage et 

al. (2000) who reported that Activated charcoal (Biochar) can adsorb and decrease bioavailibility 

of phytochemicals in the gastrointestinal tract through the interaction of its positively charged 

surface with negatively charged toxins, allowing them to be excreted in the faeces of Ruminants. 

According to Poage et al. (2000 ), Sheep and goats supplemented with 10 g of activated charcoal 

consumed more total biomass of high-terpene shrubs when offered either three (Juniperus 

phoenicea, Helichrysum italicum, and Juniperus oxycedrus;), two (Juniperus phoenicea, and 

Helichrysum italicum) or one shrub (Juniperus phoenicea;) species. The effects found in our study, 

and other biochar, studies, are difficult to compare without a better characterization of the biochar 

products. It appears that the effects of biochar differ and may be due to biochar product differences 

(Biochar produced from different plant materials). A standardized method of characterization 

including porosity and density is needed. The mechanisms behind the positive effects found in the 

literature and in this research need to be illuminated.  

The unprocessed woody materials were considered indigestible by ruminants (Millet et al, .1970), 

but using various chemical or physical treatments, their digestibility were markedly increased. 

Many studies (Buxton and Redfearn, 1997; Moore and Jung, 2001) have reported a negative 

correlation between lignin concentration and cell wall digestibility by its action as a physical 

barrier to microbial enzymes. Negative correlations between tannin and protein or DM digestibility 

have also been studied (McSweeney et al., 1999; Balogun et al., 1998). Hence information on the 

NDF, ADF, lignin and tannin content of tree foliage is essential for the assessment of their 

digestibility. 
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A wide range of variation in digestibility is reported in tropical browse species. Breman and 

Kessler (1995) showed a mean OMD of 0.53 in Sahelian and Sudanian zones of West Africa. Fall 

(1991) reported large variations in DMD, ranging from 0.26 to 0.88 between species and plant 

parts. Sanon (2007), reported high OMD (0.56 to 0.66 g/kg) and CPD (0.64 to 0.73 g/kg DM) 

compared to the mean values reported by other authors for West African browses. The results 

obtained in the present study are in contrast with the reports of this authors, suggesting that tannins 

found in S. mellifera (0.02 - 0.03 g/DM) did not respond to any of these treatments.  

The results of this study are in agreement with that of Osuga et al. (2007) and Wambui et al. (2012) 

who concluded in an experiments aimed at alleviating the effect of acacia tannins on protein 

digestibility, that the addition of PEG (polyethylene glycol) to black thorn (S.mellifera) foliage did 

not increase gas production, probably because the black thorn does not contain large amounts of 

tannins. A no response was also reported by Mlambo (2002) when he compared PEG treated and 

Alkali treated fruits in an in vitro fermentation experiment. Mlambo (2002) concluded that A. 

nilotica fruits contains less condensed tannins and more hydrolysable tannins and low molecular 

weight soluble phenolics, hence tannins deactivating methods were not effective. Makkar et al., 

(2000) reported that PEG, 6000 has been shown to be more effective in in vitro experiment than 

in in vivo experiments such as of this study. According to Silanikove et al. (1996) the amount of 

detannification method such as PEG needed to produce a maximum increase in feed intake by 

goats varies with plant species.  

The highest dry matter intake was obtained after PEG supplementation at a level of 10 g/day in 

acacia foliages according to Silanikove et al. (1996). Ben Salem et al. (2000) concluded that the 

optimum response of acacia intake was obtained in sheep given feed blocks supplemented with 

18% PEG equivalent to 23 g/day, while goats in the present study were supplemented with 5 g/day 

https://www.feedipedia.org/node/7011
https://www.feedipedia.org/node/18573
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of each treatment (wood ash, biochar and PEG) which may not have been enough to affect the 

intake of S.mellifera diets. Honsbein et al. (2008), stated that, it is possible that the quantity of 

PEG added to bush feeds in their study was not effective enough or underlying assumption that 

the bush based materials contains tannins might be wrong, after the addition of PEG (5g/d) did not 

improve protein digestibility in sheep’s.  

Nitrogen excretion is shifted from urine to faeces in feeds that are rich in phenolic compounds 

(Reed and Soller, 1987). In the present study, a large proportion of nitrogen excreted by goats was 

in faeces (Table 4.4) despite detannification method applied to the diets. The high faecal nitrogen 

can be attributed to the woody fibre content of the diets. According to Baer et al. (2014) fibrous 

plants contains amounts of protein which is usually indigestible and could influence the protein 

digestibility value.  

The protein value within the fibre increases fecal nitrogen concentration (Baer et al., 2014). In 

general, fermentable and viscous fiber (pectin), decreases the digestion of protein more than non-

viscous and non-fermentable fiber (cellulose), based on weight (Reed and Soller, 1987; Baer et 

al., 2014). Fermentation may decrease protein digestion by the activity of stimulating the growth 

of microbes, while viscosity may decrease digestion by reducing the rate of protein metabolism in 

the small intestine (Baer et al., 2014). Most refined fiber, with respect to its type and source, 

decreases protein digestibility in animals (Silanikove et al., 1996).  

There was an observation that protein phytate interaction negatively influenced protein 

digestibility in in vitro conditions (Carnovale et al., 1988). However, there were other observations 

that stated that protein levels increased in the small intestines during dietary consumption of 

dietary cellulose (Paulino et al., 2008). Hence, regarding the alterations in the protein and/or fiber 

levels of the feeds, and the procedure of fiber supplementation into the feeds, evaluations among 
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studies using similar fiber sources are usually not promising. From the accessible literature, it is 

clear that dietary fiber and fiber-rich diets decrease protein digestion, in a linear manner. 

High faecal nitrogen observed in this study could also be attributed to the indigestible fibre bound 

to tannins (Krebs et al., 2007) and protein macro structures and increased lignification in 

S.mellifera bush based feeds, resulting in dietary nitrogen being excreted in faeces as tannin protein 

complexes. With no significance difference in the faecal nitrogen between the controls feed and 

the treated diets, this study suggest that a higher inclusion level of more than 5g/day of wood ash, 

biochar and PEG could have had further benefits.  

Regarding the tannin-protein complex, literature has highlighted that there are variations in types 

and quantities of tannins among forages (Madibela et al., 2006).Different tannins acts differently, 

affecting intake and digestibility of forages (Silanikove et al., 2001). According to Min et al. 

(2003) two plant species (Lotus corniculatus and L. pendunculatus) have been reported to have 

the same amount of condensed tannins but ruminants respond differently to them, possibly because 

tannins are chemically different. In the current study, the low level of condensed tannins in 

S.mellifera did not respond to any of the treatment. Like other Acacia species, S. mellifera foliage 

have been reported that it contains tannins, however the reported tannin content is extremely 

variable (Fade et al., 2002; Osuga et al., 2007). Condensed tannins have been found to be present 

either in low amounts (0.2% DM, Osuga et al., 2007 and Wambui et al., 2012), or in much larger 

quantities: in Sudan, from 1.4% DM in the early dry season (late October) to 5.7% DM in the late 

dry season (early June) (Fadel et al., 2002). In agreement with Osuga et al., 2007, S. mellifera 

contains low quantity of condensed tannins as reported in the current study. This study suggest 

that S. mellifera might contain more hydrolysable tannins that may have inactivated the digestive 

enzymes owing to the fiber content.  

https://www.feedipedia.org/node/18573
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Zucker (1983) suggested that the role of hydrolysable tannins are to inactivate the digestive 

enymes of herbivore. However the effect of hydrolysable tannins are pronounced on insect 

herbivores than in animals. Little attention have been given to the way these hydrolysable tannins 

can be counteracted in ruminants.  

The nutritional behavior of CT is defined along the digestive tract where pH changes occur 

(Silanikove et al., 2001; Makkar, 2003; Mueller-Harvey, 2006). One of the most important effects 

of CT ingestion by ruminants is associated with their ability to improve the digestive utilization of 

feed proteins (Makkar, 2003; Mueller-Harvey, 2006). The potential of CT to increase the digestive 

utilization of dietary protein is associated with their ability to bind proteins under the rumen pH 

conditions (pH 5.5 to 7.0), preventing their excessive microbial degradation (Mueller-Harvey, 

2006). The tannin-protein complexes are often dissociated in the acidic pH of the abomasum (pH 

2.5 to 3.5) and in alkaline conditions of the distal small intestine (pH <7.5), releasing protein for 

digestion and absorption (Jones and Mangan, 1977; Mueller-Harvey, 2006).  

Various studies have confirmed the reduction of the effective degradability of protein (Min et al., 

2003; Theodoridou et al., 2010; Dentinho et al., 2014), by the presence of CT in the diet, mainly 

due to a reduction in initial solubilisation and a reduction of the fractional rate of degradation, 

increasing the flux of undegradable dietary protein into the post ruminal compartments without 

detrimentally affecting the post-ruminal digestion. The reduction in rumen protein degradation 

leads to a lower level of N-NH3 production in the rumen. As a result, the urinary N is reduced and 

the faecal N slightly increases, owing to the undegraded tannin protein complexes formed along 

the digestive tract (Mueller-Harvey, 2006).  

At the environmental level the  shift from urinary to faecal N is very important, because urinary N 

is predominantly urea, which is rapidly converted to ammonia and nitrous oxide (N2O), which has 
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implications for environmental pollution, while the feacal N is retained in the soil and will benefit 

the content of organic matter (Hristov et al., 2013). In addition, tannins are considered a promising 

group of compounds for decreasing enteric methane (CH4) emissions from ruminants. Methane 

production in rumen represents not just an ecological problem, but also an economic one. As is 

well known, methane is a potent greenhouse gas, and methane produced by ruminant’s accounts 

for 28% of total anthropogenic methane (Beauchemin et al., 2008). Moreover, CH4 produced 

during ruminal fermentation represents a loss of 5-8% of gross energy intake (Lopez and Newbol, 

2007). 

The importance of tannins in animal diets is also associated with their effects in respect of reducing 

intestinal parasites. Alternative parasitic control strategies have been studied, and the use of tannin-

rich feeds has been one of the proposed alternatives (Niezen et al., 1995; Barry et al., 2001; Min 

et al., 2003). Although the CT in this study was found to be considerably lower in comparison to 

literature, such comparison may not be a true indicative of protein precipitation capacity and thus 

only provide an indicative guide to browse foliage value or antinutritional potential. 

4.5. CONCLUSION 

The study concluded that, there was significant difference in the DMI of different treatment diets. 

The apparent digestibility coefficient of DM, OM and NDF were not different among goats fed 

different treatment diets. The Nitrogen intake of goats fed different treatments also differs 

significantly .Goats fed Biochar treated feed had the highest nitrogen intake while nitrogen intake 

of goats fed the control feed (CNT), PEG and WA was lowest. The faecal nitrogen from goats 

consuming different treatments also differs, with goats fed Biochar treated had the highest faecal 

nitrogen while faecal nitrogen from goats consuming control feed (CNT), PEG and WA was 

lowest.   
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Urinary nitrogen from goats consuming different treatments did not differ. Goats fed Biochar 

treated feed had the highest Nitrogen retention as compared to other diets. All treatments and the 

control diet resulted in a positive nitrogen retention. 
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CHAPTER 5 

GENERAL DISCUSSION, CONCLUSION AND RECOMMENDATIONS 

5.1. The chemical composition of S. mellifera milled biomass 

The milled biomass (leaves and twigs) of Senegalia mellifera indicated relative contents of DM, 

Ash, OM, CP, NDF, ADF, Ca, P and Tannins. Variation observed were consistent with previous 

reports on browses in Southern Africa (Aganga et al., 1998, Mlambo et al., 2008, Ndlovu and 

Nherera, 1997, Makkar et al,. 2003). In agreement with Fadel et al. (2002) and Osuga et al. (2007) 

the study suggested that, the chemical composition was variable due to the different: proportion of 

(leaves, petioles and twigs), harvesting regimes, soil type and stage of growth and age of the plant.   

The nutritional analysis of Senegalia mellifera bush feed shows that the crude protein (CP) which 

ranged from 9.39 to 9.71%  were sufficient to meet the minimum maintenance requirements of 7-

8% required for optimum rumen function and feed intake in ruminant livestock (Van Soest, 1994). 

Given the high CP content of the Senegalia mellifera, this fodder resource can be considered a 

suitable supplement for poor quality (low N content) natural pastures and crop residues such as 

grass hay, straw and stover (Osuji and Odenyo, 1997; Osuga et al., 2007). 

The calcium (Ca) and phosphorus (P) content of 1.2% and 0.1%, respectively, obtained in this 

indicates a potential mineral content apart from others in the fractions available for animal’s 

maintenance in periods of fodder shortage. According to literature, Browse species in most cases 

have much higher Ca: P than the requirements (Rubanza, 2005; Rubanza et al, .2006; Mtengeti et 

al, .2006; Mtui et al., 2008). Influences such as soil, climate, stage of maturity and season 

contribute to differences in the concentration of minerals in forages (Le Houerou, 1980; Topps, 

1992). 
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The neutral detergent fibre (NDF) in Senegalia mellifera bush feed reported in this experiment 

ranged between 59.17 % and 64.33 %, which is higher in comparison with Lucia (2010) who 

reported an NDF value of 33.6 % Senegalia mellifera leaves. In comparison to other browse 

species, NDF content was reported lowest (323 g/kg) in Combretum apiculatum (Lukhele and 

Ryssen, 2003) and higher in the leaves of Terminalia sericea (647 g/kg DM: Ndlovu and Nherera, 

1997). The values of NDF were in the range as those reported by van Soest (1994) from 540 to 

770 g/kg for different forage species. Abdulrazak (2000) reported a low NDF value of 26.9 %, 

while Fadel et al. (2002) reported 55.55 %.  The neutral detergent fraction (NDF) of the diet 

describes those forage component that are slowly degradable in neutral solvent such as cellulose, 

hemicellulose and lignin. The acid detergent fibre (ADF) fraction includes cellulose and lignin. 

The ADF recorded in this study ranges from 43.77% to 55.55 %. According to Topps (1992) and 

IAEA (2006), higher values of cell wall fractions in forage have been attributed to woody twigs 

included during the analysis. The analysed samples constituted a big fraction of energy source 

hence it can be assumed that more energy would be released to the animal during digestion. 

Hemicellulose recorded in this experiment was calculated as the difference of NDF and ADF. 

Hemicellulose content recorded in this experiment ranges from 13.62 % -17.53 %. The recorded 

hemicellulose fraction was higher as compared to 7.8 % reported by Abdulrazak (2000). The 

recorded low to moderate fibre content of S.mellifera is assumed to benefit the voluntary intake 

and digestibility of poor quality roughage (Osuji and Odenyo, 1997). The analysed samples 

constituted a big fraction of energy source hence it can be assumed that more energy would be 

released to the animal during digestion. 

The low content of Tannins composition obtained in this study was in agreement with the results 

of Fadel et al. (2002), Osuga et al. (2007), Al-Soqeer (2008), Ben Salem et al. (2010), Wambui et 
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al. (2012) and Honsbein et al. (2018), who concluded that, there is either low or no tannins in 

Senegalia mellifera and the underlying assumption that the bush based materials contains tannins 

might be wrong. The low concentration of Tannins in S.mellifera fractions was attributed to the 

time of sample harvest or season, growth stage and method of analysis used (Barry, 1999; Makkar 

et al., 2007). 

5.2. Feed intake, digestibility and nitrogen retention  

The addition of PEG, Wood ash and Biochar was found to have no significant effect on the 

nutritional content of S. mellifera diets. The DMI of all treated diets and the control diet in this 

study ranged from 764 to 963 g/day respectively. The effect of the treatments used in this study 

were in agreement with Ben Salem et al. (2000) who showed that the DMI of acacia foliages by 

sheep was not affected by the addition of PEG. In contrast to the present study findings, Ben Salem 

et al. (1999) reported that, the intake of Acacia cyanophylla by sheep increased as the level of PEG 

increased and PEG inactivated the condensed tannins in Acacia cyanophylla, thus improving 

microbial organism synthesis and growth of sheep. Ben Salem et al. (2005) reported that soaking 

Acacia cyanophylla in Acacia wood ash solution (120 g of wood ash DM/L of water, pH=12.4) 

decreased total extractable phenols, total extractable tannins and extractable condensed tannins, 

but also reduced OM and CP content. In agreement with our study results, Ben Salem reported 

that, Feeding Acacia cyanophylla treated with wood ash solution did not affect intake and OM 

digestibility and NDF digestibility of Barbarine rams. 

Several studies (Pritchard et al., 1988; Silanikove et al., 1996; Ben Salem et al., 2000) have 

contended that it is possible to deactivate condensed tannins and increase the intake and 

digestibility of shrub foliages by the addition of PEG at an increased inclusion levels. In our study, 

PEG treated diet DMI was similar to the control diet.  Mlambo et al. (2004) reported an increase 
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in intake by 50% when PEG was used to treat tannins in Dichrostachys cinerea fruits. The factors 

involved in the digestibility variation among browse fodders include the concentration of N, cell 

wall content, especially lignin, and tannins (Moore and Jung, 2001). A low level of CP (less than 

80 g/kg DM) is shown to depress digestibility, as it is not sufficient to meet the needs of the rumen 

bacteria (Norton, 1998).On the other hand, low NDF content (20 to 35%) has been shown to result 

in high digestibility, while lignification of the plant cell wall decreases the digestibility of plant 

material in the rumen (Moore and Jung, 2001).   

The high intake of 963 g/day in Biochar treated diets in this study was in agreement with Poage et 

al. (2000) who reported that Activated charcoal (Biochar) can adsorb and decrease bioavailibility 

of phytochemicals in the gastrointestinal tract through the interaction of its positively charged 

surface with negatively charged toxins, allowing them to be excreted in the faeces of Ruminants. 

According to Poage et al. (2000), Sheep and goats supplemented with 10 g of activated charcoal 

consumed more total biomass of high-terpene. The effects found in our study, and other biochar, 

studies, are difficult to compare without a better characterization of the biochar products. It appears 

that the effects of biochar differ and may be due to biochar product differences (Biochar produced 

from different plant materials). A standardized method of characterization including porosity and 

density is needed. The mechanisms behind the positive effects found in the literature and in this 

research need to be illuminated. Given that this study was conducted for the first time in Namibia, 

additional and more accurate studies that would include a number of variables are recommended 

in order to clarify a broad range of effects of different detannification methods. The study therefore 

recommends that each detannification method should be tested at different levels of inclusion in 

S. mellifera bush based feed before total dismissal of the potential of these treatments. 



103 
 

Apart from the promising protein content, the high fibre content of S. mellifera bush based feeds 

still require further interventions to reveal the prospective of utilising the woody plant as animal 

feed. Therefore, interventions that directly degrade fibre to release the energy and other nutrients 

contained in the milled bush should be considered for future research.  Although the woody plant 

species under investigation showed a low Condensed tannin concentration, the extent to which 

livestock’s will utilise the protein in the feed is not yet fully established. Furthermore the degree 

to which the low tannin content is beneficial or deleterious to the animals need to be established.  

Furthermore, a growth study is recommended to determine the effect of bush based feeds on the 

growth of livestock. In addition, the effect of bush based feed on meat and milk quality are not 

measured at this stage. In addition to polyphenols especially tannins, the woody plant under 

investigation may produce other secondary metabolites such as: organic acids, terpenes, alkaloids, 

and cyanogenic glycosides among others. These metabolites combined with factors of dietary fat, 

fiber, and protein play a participatory role in overall ruminant nutrition, anti-nutrition, and possibly 

the efficacy of condensed tannins.  

Determining the concentaration and how these different plant-specialized metabolites and other 

dietary constituents interact in the rumen is recommended in order to understand if they are 

additive, synergistic, or antagonistic with respect to animal nutrition (or anti-nutrition), nutrient 

utilization, mineral binding, the process of methanogenesis, and anthelmintic activity. 

The future research suggestions, presented in order of priority are recommended below with 

a focus on small stock (sheep and goats). 

 Interventions to degrade fibre in bush based feeds require investigation. 
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 There is need to evaluation of various secondary metabolites besides tannins in bush based 

feeds 

 More research required to determine dry matter intake (DMI), apparent digestibility 

coefficients and nitrogen retention in different species of goat/sheep fed with bush based 

feeds. 

 Extensive evaluation of growth performances of goats/sheep fed with bush based feeds. 

 Application of different detannification method at different levels of inclusion in bush 

based feed 

 Research on the health and safety evaluation of goats/sheep carcass fed with bush based 

feeds feeding trials. 

 

 

 

 

 

 

 

 

 

 

 

 

  



105 
 

REFERENCES 

 

Abdulrazak, S. A., J. Nyangaga and T. Fujihara. 2001. Relative palatability to sheep of some 

browse species, there in Sacco degradability and in vitro gas production characteristics. 

Asian-Austr. J. Anim. Sci. 14 (11): 1580-1584.   

Abdulrazak, S.A., T. Fujihara, J. K. Ondiek and E.R. Ørskov. 1999. Nutritive evaluation of some 

Acacia tree leaves from Kenya. J. Anim. Feed. Sci .Technol. 85: 89-98. 

Abofosian S.O. 2000.Nutritive Evaluation of Some Acacia tree Leaves. BSc Honor’s. University 

of Science and Technology, Faculty of Agricultural Studies, Sudan. 

Adekanmi, O.K., O. Osundahunsi, O.A. Yemisi and A.A. Yemisi. 2009. Influence of processing 

techniques on the nutrient and antinutrient of tiger nut (Cyperus esculentus L.).  J. Dai. Sci.   

4 (2): 88-93.  

Adesogan, A. T., M. B. Salawu, S. P. Williams, W. J. Fisher, and R. J. Dewhurst. 2004. Reducing 

concentrate supplementation in dairy cow diets while maintaining milk production with 

pea-wheat intercrops. J. Dai. Sci.  87 (10): 3398-3406 

Aerts, R.J., T.N. Barry and W.C. McNabb. 1999. Polyphenols and agriculture: beneficial effects 

of proanthocyanidins in forages. J. Agric. Ecosyst. Environ. 75: 1–12.  

Aganga, A. A. and E. O. Mesho. 2008. Mineral contents of browse plants in Kweneng District in 

Botswana. J. Agric. 3 (2): 93-98. 

Aganga, A. A. and M. N. Autlwetse. 2000. Utilization of sorghum forage, millet forage, veldt grass 

and buffer grass by Tswana sheep and goats when fed Lablab purpureus L. as protein 

supplement. Asian-Austr. J. Anim. Sci. 13: 1035-1188. 



106 
 

Aganga, A. A., and S.O. Tshwenyane. 2003. Lucerne, lablab and Leucaena leucocephalla forages: 

Production and utilization for livestock production. Pakis. J. Nutri. 2(2): 46-53. 

Aganga, A. A., J. S. Kiazolu and C. M. Tsopito. 1994. Browse plants as feed resource for ruminants 

in Botswana. II. Browse in loamy soils and Sandveld vegetation zones of Botswana. J. 

Anim. Heal. Prod. Afric. 42 (3): 235-243.    

Aganga, A.A., C.M. Tsopito and T. Adogla-Bessa. 1998. Feed potential of Acacia species to 

ruminants in Botswana. Arch. de. Zootec. 47: 659-688. 

Aganga, AA, Ompole, U.J., and L. Balegeng. 2001. Performance of Tswana goats fed Acacia 

mellifera, Euclea undulate, and Peltophorum africanum as supplements to Buffel grass. 

Arch.de. Zootec. 50:383–386. 

Agricola. 2015. Feed facts: Successful mixtures for summer pastures. Stock Farm. 5(8): 37.109.  

Agricola. 2015. Feed facts: The advantage of legumes in pastures. Stock Farm. 5(6): 26-30. 

Agricultural Research Council (ARC). 1980. The nutrient requirements of ruminant livestock 

(Suppl. 1). Comm.  Agric. Bur. Slough, United Kingdom. 

Agricultural Research Council (ARC). 1984. Feed requirements. Pretoria, South Africa: 

Agricultural Research Council. Comm.  Agric. Bur. Slough, United Kingdom. 

Aikpokpodion, P.E., L, Lajide, and A. Omotobora. 2010. Nutrients Dynamics in Cocoa Soils, Leaf 

and Beans in Ondo State, Nigeria. Ondo state Nigeria. 16th Inter. Cocoa conf. Indon.  

Akande K.E. and E.F. Fabiyi. 2010. Effect of Processing Methods on Some Anti-nutritional 

Factors in Legume Seeds for Poultry Feeding. Inter. J. Poultry. Sci. 9: (10): 996-1001.  



107 
 

Alam M.R., Amin M.R., Kabir A.K.M.A., Moniruzzaman M and McNeill D.M .2007. Effect of 

tannin in Acacia nilotica, Albizia procera and Sesbania acculeata foliage determined in 

vitro, in Sacco and in vivo. Asian-Austr. J. Anim. Sci. 20: 220-228. 

Aletor, V.A .1993. Allelochemicals in plant foods and feeding Stuffs. Part I. Nutritional, 

Biochemical and Physiopathological aspects in animal production. J. Vet. Hum. Toxi. 

35(1): 57-67.  

Al-Soqeer A .2008. Nutritive value assessment of Acacia species using their chemical analyses 

and in vitro gas production technique. J. Agric. Bio. Sci. 4: 688-694. 

Ammar H., S. López, O. Bochi, R. Garcia and M.J. Ranilla. 1999. Composition and in vitro 

digestibility of leaves and stems of grasses and legumes harvested from permanent 

mountain meadows at different maturity stages. J. Anim. Feed. Sci .Technol.  8:599-610. 

Ammar H., S. López, O. Bochi, R. Garcia and M.J. Ranilla. 2004. Comparison between analytical 

methods and biological assays for the assessment of tannin-related antinutritive effects in 

some Spanish browse species. J. Sci. Food. Agric. 84: 1349-1356. 

Anderson, C. J. 1856. Lake Ngami: Explorations and discoveries during four years’ wanderings in 

the wilds of South Western Africa. London: Hurst and Blackett Publishers.  

Andrews, D.J. and K.A. Kumar .1992. Pearl Millet for Food, Feed and Forage. Advances in 

Agronomy, 48, 89-139. Available at: http://dx.doi.org/10.1016/S0065-2113(08)60936-0. 

Accessed: 05 March 2018.  

Annison, E.F, and W.L, Bryden .1998. Perspectives on ruminant nutrition and metabolism. In; 

Metabolism in the rumen. Nutri. Res. Rev. 11:173-198.  

http://dx.doi.org/10.1016/S0065-2113(08)60936-0


108 
 

Ansah T, S. Cudjoe and A. Daniel. 2016. Effects of partially replacing rice straw with browse 

plants on the haematology and serum metabolites of Djallonke sheep. Gha. J. Sci.Tech. 

Dev. 2: 2343-6727. 

Ansah, T. and D.A. Nagbila. 2011. Utilization of local trees and shrubs for sustainable livestock 

production in the Talensi-Nabdam district of the upper east region of Ghana. J. Liv. Res. 

Rural. Dev. 23: 1-7.  

AOAC, 1999. Official Methods of Analysis International. 17th edition, Association of Analytical 

Communities, Gaithersburg. 

AOAC. 1991. Official Methods of Analysis. Agricultural Laboratory Association of Southern 

Africa (AgriLASA) 2nd Edn. Washington DC, USA.  

AOAC. 2000. Official Methods of Analysis of AOAC International. Vol.1. 17th Edition. Editor 

Horwitz, W. AOAC International®. 

ARC. 1984. Feed requirements. Pretoria, South Africa: Agricultural Research Council. 

Asfari, Z., M. Burgard, and J. Vicens. 1993. Synthetic calixarene and natural polyphenolics: 

Common grounds for future research: In: Polyphenolic phenolic Phenomena. Scalbert, A. 

(Ed). INRA editions. Paris.49-62. 

Avato, P., R. Bucci, A. Tava, C. Vitali, A. Rosato, Z. Bialy.2006. Antimicrobial activity of 

saponins from Medicago spp.: Structure–activity relationship. J. Phyto. Res.20: 454–457. 

Babayemi, O.J., M.A. Bamikole and M.O. Daodu. 2009. In vitro gas production and its prediction 

on metabolizable energy, organic matter digestibility and short chain fatty acids of some 

tropical seeds. Pak. J. Nutr. 8: 1078 – 1082. 



109 
 

Baer, R. J., R. P. Middaugh and D. P Casper. 2014 Characteristics of milk and butter from cows 

fed sunflower seeds. J. Dai. Sci. 71 (12): 3179-3187. 

Balogun, R. O., R. J. Jones and J. H. G Holmes. 1998. Digestibility of some tropical browse species 

varying in tannin content. J. Anim. Feed Sci. Technol. 45:29-43.  

Banner, R. E., J. J. Villalba and F. D. Provenza. 2000. Influence of macronutrients and activated 

charcoal on intake of sagebrush by sheep and goats. J. Anim. Sci. 80:2099–2109. 

Barry, T. N. and T.R. Manley. 2001. Interrelationships between the concentrations of condensed 

tannins, free condensed tannins and lignin in lotus spp and their possible consequences in 

ruminant nutrition. J. Sci. Food. Agri. 37: 248-254. 

Barry, T.N. and S. J. Duncan, 1984. The role of condensed tannins in the nutritional value of Lotus 

pendunculatus for sheep. Part 1. Voluntary intake. Brit .J. Nutr.  51: 485-491. 

Barry, T.N. and W.C. Mcnabb 1999.The implications of condensed tannins on the nutritive value 

of temperate forages fed to ruminants. Brit .J. Nutr. 81 (4): 263-272. 

Beauchemin, K. A., S. M. McGinn, C. Benchaar, and L. Holtshausen. 2009. Crushed sunflower, 

flax, or canola seeds in lactating dairy cow diets: effects on methane production, rumen 

fermentation, and milk production. J. Dai. Sci. 92 (5): 2118-2127. 

Ben Salem H., A. Nefzaoui and H. Abdouli .1994. Palatability of shrubs and fodder trees measured 

on sheep and dromedaries. 1. Methodological approach. J. Anim. Feed. Sci .Technol. 46: 

143-153. 



110 
 

Ben Salem H., Norman H.C., A., Nefzaoui, D.E., Mayberry, K.L. Pearce and D.K. Revell 2010. 

Potential use of Oldman saltbush (Atriplex nummularia Lindl.) in sheep and goat feeding. 

J. Small. Rum .Res. 91: 13-28.   

Ben Salem, H. and T. Smith. 2008. Feeding strategies to increase small ruminant production in dry 

environments. J. Small. Rum .Res. 77:174-194.  

Ben Salem, H., A. Sourour, H.P.S. Makkar and A. Nefzaoui. 2005. Wood ash treatment, a cost-

effective way to deactivate tannins in Acacia cyanophylla Lindl Foliage and to improve 

digestion by Barbarine sheep. J. Anim. Feed. Sci .Technol. 93:122:130.  

Ben Salem, H., Ben Salem, L and Tisserand, J.L. 1999. Intake, digestibility, urinary excretion of 

purine derivatives and growth by sheep given fresh, air-dried or polyethylene glycol-

treated foliage of Acacia cyanophylla Lindl. J. Anim. Feed. Sci .Technol. 78:297–311. 

Ben Salem, H., L .Ben Salem and J.L. Tisserand. 1997. Effect of Acacia cyanophylla Lindl foliage 

supply on intake and digestion by sheep fed Lucerne hay based diet. J. Anim. Feed. Sci 

.Technol. 68: 101–113. 

Benjamin N., F. O’Driscoll, H. Dougall, C. Duncan, L. Smith, M. Golden and H. McKenzie. 2006. 

Stomach Nitrate synthesis. Nature. 368-502.  

Bester, F.V. 1996. “Bush encroachment: A thorny problem”. Namibia environment, 1:175–177. 

Bester, F.V. 1997a. “Chemical control of bush infested with the fungus Phoma glomerata”. 

Proceedings of the National Annual Agriculture Research Reporting Conference, 19–21 

August 1997, Windhoek. 



111 
 

Bester, F.V. 1997b. “Degree of natural die-back of Black Thorn (Acacia mellifera) and 

regeneration: Seedling establishment”. Unpublished proceedings of the National Annual 

Agriculture Research Reporting Conference, 19–21 August 1997, Windhoek. 

Bester, F.V. 1997c. “Regeneration of bush on bush eradicated sites in the Thorn Tree Savanna”. 

Unpublished proceedings of the National Annual Agriculture Research Reporting 

Conference, 19–21 August 1997, Windhoek. 

Bester, F.V. 1999. “Major problem: Bush species and bush densities in Namibia”. Agricola, 10:1–

3. 

Bester, F.V. 2001. ‘The Nguni: A case study’, in Proceedings of the workshop on community based 

management of animal genetic resources, Pretoria. South Africa. pp. 45–68. 

Bhat, T.K. 2013. Value addition of feed and fodder by alleviating the antinutritional effects of 

tannins. J. Agric. Res. 2:189–206.  

Blackie, R. 1999. Communities and natural resources: Trends in equitable and efficient use. 

29, 1-19. Windhoek, MET. Research Discussion Paper.  

Blumert, M and J. Liu. 2003. Jiaogulan (Gynostemma pentaphyllum), China’s Immortality Herb 

3rd ed.Torchlight.  

Boufennara, S., Bouazza, L. R. Bodas, H. Bousseboua and S. Lopez. 2012. Nutritive evaluation of 

foliage from fodder trees and shrubs characteristic of Algerian arid and semi-arid areas. J. 

Anim. Feed Sci .Technol. 21: 521-536. 

Breman, H. and J.J. Kessler. 1995. Woody plants in agro-ecosystems of semi-arid regions with 

emphasis on the Sahelian countries. Springer-Verlag, Berlin. 



112 
 

Broadhurst, R.B. and W.T. Jones. 1978. Analysis of condensed tannins using Acidified Vanillin. 

.J. Sci Food Agric. 29:788-794. 

Bryant, J.P, P.B. Reichardt, and T.P. Clausen.1992. Chemically mediated interactions between 

woody plants and browsing mammals. J. Range Manage. 45 (1):18-24. 

Burns, R.E., 1971. Methods of evaluation of tannins in sorghum. Agron. J. 63:511-512.462 et al., 

2013. South Afric .J. Anim sci. 43 (No.4) 

Butter, N.L., J.M. Dawson, D. Wakelin and P.J. Buttery 2000. Effect of dietary tannin and protein 

concentration on nematode infection (Trichostrongylus colubriformis) in lambs. J. Agric 

Sci. 134: 89-99. 

Butter, N.L., J.M. Dawson, D. Wakelin and P.J. Buttery. 2001. Effect of dietary condensed tannins 

on gastrointestinal nematodes. J. Agric Sci. 137:461-469. 

Buxton, D.R. and D.D. Redfearn. 1997. Plant limitations to fiber digestion and utilization. J. Nutr 

.127:814–818. 

Carnovale, E., R. Bollini and B. Campion. 1999. Removal of antinutritional factors from bean 

(Phaseolus vulgaris L.) seeds. J. Biotech. Agro. Soci. Enviro. 3 (4): 217–219. 

Cheeke, P. R.1995. Natural toxicants in feeds, forages and poisonous plants. Upper Saddle River, 

New York: Prentice-Hall. 

Cheng, L., E. J. Kim, R. J. Merry and R. J. Dewhurst .2011. Nitrogen partitioning and 

isotopic fractionation in dairy cows consuming diets based on a range of contrasting 

forages. J. Dai Sci.  94: 2031-2041. 



113 
 

Chepape, R.M., K.R. Mbatha, and D. Luseba. 2011. Local use and knowledge validation of 

fodder trees and shrubs browsed by livestock in Bushbuckridge area in South Africa. 

J. Liv. Res. Rural. Dev. 23: 1-11.  

Christians, C. 2010. The effect of bush encroachment on groundwater in Namibia, Study  

commissioned by the Namibia Agricultural Union, funded by GIZ, Available at 

www.agrinamibia.com.na. (Accessed: 23 July 2018) 

Chunmei G., P. Hongbin, S. Zewei and Q. Guixin. 2010. Effect of Soybean Variety on Anti-

Nutritional Factors Content, and Growth Performance and Nutrients Metabolism in Rat. 

Inter. J. Mole. Sci.11:1048-1056; doi: 10.3390/ijms11031048. ISSN 1422-0067.Accessed: 

12 May 2018.  

Church, D. D. (1991). Livestock feeds and feeding. New Jersey: Prentice-Hall Inc.  

Clem, R. L. (2004). Animal production from legume based ley pastures in south-eastern 

Queensland. In A. M. Whitbread, & B. C. Pengelly (Eds.), ACIAR Proceedings. 

Clem, R. L. 2004. Animal production from legume based ley pastures in south-eastern 

Queensland. In A. M. Whitbread, & B. C. Pengelly (Eds.), ACIAR Proceedings. 

Colin C. 2010. The effect of bush encroachment on groundwater resources in Namibia: a desk top 

study, final report. Christian Colin and Associates; in association with: Van der Merwe B.; 

Bockmühl, F.; Mostert, A.; de Klerk, N.  

Cooney, D. O. 1995. Activated Charcoal in Medical Applications, Second Edition Hardback. 

English. 

http://www.agrinamibia.com.na/


114 
 

Cooper, S.M.  & Owen-Smith, N., 1985. Condensed tannins deter feeding by browsing ruminants 

in a South African savanna. Oecologia .67: 142-146. 

Crowder, L.V and H. R. Cheddah, 1982. Tropical grassland Husbandry, Longman Inc. New York 

USA.  

Cunningham, P.L. 1997. “Ecological consequences of woodland management with special 

reference to Namibia”. Report for the Development Fund of Namibia, Windhoek. J.  Sci 

Soc. Nam. 62: 164-185.  

D’Mello, J.P.F and Fraser, K.W. 1998. The composition and leaf meal from Leucaena 

leucocephala. J. Trop. Forest. Sci. 23: 75–78. 

Davis, A. M. 1981. The oxalate, tannin, crude fiber, and crude protein composition of young plants 

of some Atriplex species. J. Range Mngt. 34:329-331.  

De Klerk J.N. 2004. Bush encroachment in Namibia. First edition. Ministry of Environment and 

Tourism, Windhoek, Namibia. 

De la Puerta Fernandez M.L. 2016. Status of the use of encroacher bushes as animal feed and 

evaluation of the nutrient content of some encroacher bush species in Namibia. MSc thesis, 

Aarhus University, Debrecen, Hungary. 

Decandia, M., M. Sitzia, A. Cabiddu and D Kababya. 2000. The use of polyethylene glycol to 

reduce the anti-nutritional effects of tannins in goats fed woody species. J. Small. Rum 

.Res. 38(2):157-164· 



115 
 

Degen, A.A., Mishorr, T., Makkar, H.P.S., Kam, M., Benjamin, R.W., Becker, K and Schwartz, 

H.J., 1998. Effect of Acacia saligna with and without administration of polyethylene glycol 

on dietary intake in desert sheep. J. Anim. Prod. Sci. 67: 491–498. 

Dekker and Smit. 1996. Browse production and leaf phenology of some trees and shrubs in 

different Colophospermum mopane savanna communities. Afric .J. Range. Forage. Sci. 

13:15-23. 

Dentinho, M. T. P., R. J. B. Bessa, C. A. C. Belo and J. M. R. Ribeiro. 2014. Effect of preservation 

method on the nutritive value of Sulla (Hedysarum coronarium). Grassl. Sci. Eu. 11: 252-

254. 

Devendra, C. 1990. The use of shrubs and tree fodder by ruminants. In: Devendra, C. (Ed.), Shrubs 

and Tree Fodder for Farm Animals, Proceedings of a Workshop, 24–29 July 1989, 

Denpasar, Indonesia. International Development Research Centre, Ottawa, Canada. 

Devendra, C. 1993. Sustainable animal production from small farm systems in South-East Asia. 

FAO conference proceedings, Rome, Italy 1993.  

Devendra, C. and G.B. McLeroy.1982. Goat and Sheep Production in the Tropics. Intermediate 

Tropical Agricultural Series, Longman Scientific and Technical Publishers, Longman, 

London, 218-219. 

D'Mello J.P.F., and A.M.C. Macdonald. 1998. Fungal toxins as disease elicitors. pp 253-289, in 

Rose J (ed.), Environmental Toxicology: Current Developments. Gordon and Breach 

Science Publishers, Amsterdam, the Netherlands. 



116 
 

Donaldson, C.H, P.J. Niemann and J.A. Swart. 1968. The utilization and feeding value of milled 

woody plant species. Proceedings of the Grassland Society of Southern Africa, 3:75-81. 

Dougall, H. W., A. V. and Bogdan. 1958. Browse plants of Kenya - with special reference to those 

occurring in South Baringo. J. East. Afric. Agric. Forestry. 23: 236-245.  

Doughill, A.J., D.S.G. Thomas and A.L. Heathwaite. 1999. Environmental change in the Kalahari: 

integrated land degradation studies for non-equilibrium dryland environments. Annals of 

the Association of American Geographers 89: 420–442.  

Du Toit, J.T. 1974. Feeding-height stratification among African browsing ruminants. Afric 

.J. Ecol. 28:55-61.  

Dube J.S., J.D. Reed and L.R. Ndlovu. 2001. Proanthocyanidins and other phenolics in Acacia 

leaves of Southern Africa. J. Anim. Feed. Sci .Technol. 91: 59-67.  

Dube, J.S., 2003. Variations in proanthocyanidins levels of provenances of six Acacia species and 

the influence of proanthocyanidins on ruminant Nutrition. Zim .J. Agric. Res. 4:119-123. 

Dube, J.S., J.D. Reed and L.R. Ndlovu. 2001. Proanthocyanidins and other phenolics in Acacia 

leaves of Southern Africa. J. Anim. Feed. Sci .Technol. 91: 59 - 67. 

Dube, S., C. Salinas, and O. Mukulu. 2006. The value of trees as fodder for livestock in Northern 

Namibia. Available at:www.foa.org/WAIRDOCS/LEAD/X6109e09E/x6109e0a.htm. 1-9-

2004.Accessd: 22 November, 2018. 

Dynes, R. A. and A. C. Schlink. 2002. Livestock potential of Australian species of Acacia. 

1CSIRO Livestock Industries, Western Australia. J. Cons. Sci. West- Aust.3: 117–124.  



117 
 

Easmus, D. and A.R. Palmer. 2007. Is climate change a possible explanation for woody thickening 

in arid and semi-arid regions? Research Letters in Ecology, Vol 2007, Article ID 37364, 

Hindawi Publication Corporation. 

El Aich A.1992. Fodder trees and shrubs in range and farming systems in North Africa. In: Legume 

Trees and Other Fodder Trees as Protein Sources for Livestock. FAO Animal Production 

and Health, Paper 102. FAO, Rome, pp. 61-73. 

El Hassan, S.M, K. A. Lahlou C.J. Newbold and R. J. Wallace 2000.Chemical composition and 

degradation characteristics of foliage of some African multipurpose trees. J. Anim. Feed. 

Sci .Technol. 86:27–37. 

El Nasr, A. H. M., H. M. Kandil, E. l. Kerdawy, A. Dawlat, H. S. Khamis and H.M. El-Shaer. 

1996. Value of processed saltbush and acacia shrubs as sheep fodder under the arid 

conditions of Egypt. J. Small. Rum. Res. 24: 15–20. 

Eldridge D.J. and S. Soliveres. 2011. Are shrubs really a sign of declining ecosystem function? 

Disentangling the myths and truths of woody encroachment. Aust .J. Botany. 62:594-608.  

Embaby Hassan. 2011. Effect of Heat Treatments on Certain Antinutrients and in vitro Protein 

Digestibility of Peanut and Sesame Seeds. J. Anim. Feed. Sci .Technol. 17(1):31-38.  

Erasmus, L.J., P.M. Botha and A. Kistner. 1992. Effect of yeast culture supplement on production, 

rumen fermentation, and duodenal nitrogen flow in dairy cows. J. Dai. Sci.75:3056-3065.  

Erickson, D.O., D.W Meyer, and A.E. Foster. 1982. The Effect of Genotypes on the Feed Value 

of Barley Straws. J. Anim. Sci. 55: 1015-1026. 



118 
 

Fadel, E. A. M. A., A. E. Amin, A. A. Khadiga, J. Sekine, M. Hishinuma and K. Hamana 2002. 

Nutritive evaluation of some fodder tree species during the dry season in Central Sudan. 

Asian- Aust .J. Anim. Sci. 15 (6): 844-850. 

Fagundes, G.M., E.C. Modesto, C. E. M. Fonseca, H.R.P. Lima and J.P. Muir. 2014.  Intake, 

digestibility and milk yield in goats fed Flemingia macrophylla with or without 

polyethylene glycol. J. Small. Rum .Res. 116: 88-93. 

Fall Touré, S. 1991. In vitro digestibility and degradability in situ in the rumen of woody forage 

available on natural grasslands in Senegal. First results. J. Trop. Livest. sci.44: 345-354. 

FAO. 2004. Protein sources for the animal feed industry protein sources for the animal feed 

industry. Expert Consultation and Workshop Bangkok, 29 April – 3 May 2002. By 

Safaloah, A. C. L.FAO Animal Production and Health Division, Rome, 2004.  

FAO. 2006. FAOSTAT. Food and Agriculture Organization of the United Nations. Available at: 

http://faostat.fao.org. Accessed: 23 May 2018. 

FAO. 2009. State of the world’s forests 2009. Rome, Italy. Available 

atftp.fao.org/docrep/fao/011/i0350e/i0350e01b.pdf. 

FAO. 2010. Crop biodiversity: use it or lose it, October 2010. Rome, Italy. 

FAO. 2012. Use of lesser-known plants and plant parts as animal feed resources in tropical regions, 

by Emmanuel S. Quansah & Harinder P.S. Makkar. Animal Production and Health 

Working Paper. No. 8. Rome. 

FAO. 2014. Grassland Index. A searchable catalogue of grass and forage legumes. FAO, Rome, 

Italy. 

http://faostat.fao.org/
ftp://ftp.fao.org/docrep/fao/011/i0350e/i0350e01b.pdf


119 
 

FAO.2005. On-line statistical database. Available at FAO website:  

FAO.2008a. Livestock, a major threat to environment. Rome, Italy. Available at 

http://www.fao.org/newsroom/en/news/2006/1000448/index.html). 

FAO.2008b. Land degradation on the rise – One fourth of the world’s population affected says 

new study. Available at http://www.fao.org/newsroom/en/news/2008/1000874/index.html. 

FAO.2011.How to feed the world in 2050 .Rome, Italy. Available at 

ZZZ.fao.org/¿leadmin/.../wsfs/Feed_the_World_in_2050.pdf.Accessed: 25 October 2018. 

Feed Master. 2013. Product guide (Product information booklet). Windhoek: Feed Master. 

Feedipedia .2018.FAO, accessed on 01 September 2018: http://www.feedipedia.org. 

Ferri Manoi. 2009. Binahong (Anredera cordifolia) Sebagai Obat. Bulletin Warta Volume 15, 

Number 1, April 2009. Penelitian dan Pengembangan Tanaman Industri. Badan Penelitian 

dan Pengembangan Pertanian. Pusat Penelitian dan Pengembangan Perkebunan, Indonesia. 

Filippich, L. J., J. Zhu, P.  Oelrichs, M. T.  Alsalami, A. J. Doig, G. R. Cao, and P. B. English.1991. 

Hepatotoxic and nephrotoxic principles in Terminalia oblongata. J. Res. Vet. Sci. 50:170-

177. 

Flower, C. and N. von Rooyen. 2001. Kavango farming systems research and extension 

project: Summary of agroforestry study. Agricola. 2001:45-51. 

Foo, L. Y., Y. Lu, A. B. Howell, and N. Vorsa. 2000. A-Type proanthocyanidin trimers from 

cranberry that inhibit adherence of uropathogenic p-fimbriated Escherichia coli. J. Natl. 

Prod. 63:1225-1228.  

http://www.fao.org/newsroom/en/news/2006/1000448/index.html
http://www.fao.org/newsroom/en/news/2008/1000874/index.html


120 
 

Foo, L.Y., R. Newman, G.C. Waghorn, W.C. McNabb and M.J. Ulyatt, 1996. Proathocyanidins 

from the Lotus Corniculatus.  J. Phytochem.41: 617–624.  

Franklin, W.M. 1993. Forages: Echo technical notes. Myers FL, USA: Echo.115. 

Frontela, C., G. Ros and C. Martínez. 2008. Phytic acid content and “in vitro” iron, calcium and 

zinc bioavailability in bakery products: The effect of processing. J. Cereal. Sc. 54: 173-

179.  

Frutos P., G. Hervás, Ramos G. F.J. Giráldez and A.R. Mantecón .2002. Condensed tannin content 

of several shrub species from a mountain area in northern Spain, and its relationship to 

various indicators of nutritive value. J. Anim. Feed. Sci .Technol. 95: 215-226.  

Frutos, P., G. Hervás, F.J. Giráldez and A.R. Mantecón 2004. Review. Tannins and ruminant 

nutrition. Span .J. Agric. Res .2 (2): 191-202. 

Geren, H., B. Kır, G. Demıroglu and Y. T. Kavut.2009. Effects of different soil textures on the 

yield and chemical composition of alfalfa (Medicago sativa L.) cultivars under 

Mediterranean climate conditions. Asian .J. Chem. India.21, No. 7, 5517-5522. Available 

at: http://www.asianjournalofchemistry.com.Accessed: 12 May 2018. 

Getachew, G., W. Pittroff, D. H. Putnam, A. Dandekar, S. Goyal and E. J. Depeters. 1998. The 

influence of addition of gallic acid, tannic acid, or quebracho tannins to alfalfa hay on in 

vitro rumen fermentation and microbial protein synthesis. J. Anim. Feed. 

Sci.Technol.140:444-461. 

Giess W .1973. A Preliminary vegetation map of South West Africa. Dinteria 4. 

http://www.asianjournalofchemistry.com.accessed/


121 
 

Giess, W. 1998. A Preliminary Vegetation Map of Namibia. 3rd Revised Edition. Dinteria 4: 1-

112. 

Goering, H.K.; Van Soest, P.J. 1970. Forage fibre analysis. U.S.D.A. Agricultural Handbook, No 

379. 

Greyling, J.P.C., Mmbengwa, V.M., Schwalbach, L.M.J. and Muller, T. 2004. Comperative milk 

production potential of Indigenous and Boer goats under two feeding systems in South 

Africa. J. Small. Rum. Res. 55: 97-105. 

Gundy, I. 2003. Natural resources in communal rangelands as a key component of rural 

livelihoods. Durban, South Africa.1609-1619.  

Habtamu, F. and R. Negussie. 2014. Antinutritional factors in plant foods: Potential health benefits 

and adverse effects. 2014; 3(4): 284-289. Int. J. Nutri. Food. Sci. Accessed: 01 June 2018. 

Available at www.sciencepublishinggroup.com/j/ijnfs).  

Hagerman A. E., and L.G. Butler.1978. Protein precipitation method for the quantitative 

determination of tannins. J. Agric. Food. chem. 26 (4): 809–812. 

Hagerman, A. E. 2012. Fifty years of polyphenol-protein complexes. P.71-97. In: Recent advances 

in polyphenol research. vol. 3. 3rd ed. Cheynier, V.; Sarni-Manchado, P. and Quideau, eds. 

John Wiley & Sons, Ltd., Oxford, UK. 

Hanovice-Ziony, M., Gollop, N., Landau, S.Y., Ungar, E.D., Muklada, H., Glasser, T.A., 

Perevolotsky, A. and J.W. Walker. 2010. No major role for binding by salivary proteins as 

a defense against dietary tannins in Mediterranean goats. 36: 736-743. 



122 
 

Haring, D. A., A. Scharenberg, F. Heckendorn, F. Dohme, A. Luscher, V. Maurer, D. Suter, and 

H. Hertzberg. 2008. Tanniferous forage plants: Agronomic performance, palatability and 

efficacy against parasitic nematodes in sheep. J. Renew. Agric. Food. Syst. 23:19-29. 

Haslam, E. 1993. Plant polyphenols (vegetable tannins): gallic acid metabolism. Nat. Prod. Rep. 

11: 41-66. 

Heuzé V., Tran G., 2015. Black thorn (Acacia mellifera). Feedipedia, a programme by INRA, 

CIRAD, AFZ and FAO. https://www.feedipedia.org/node/347 .Last updated on October 

28, 2015, 13:20.Accessed on 23 September 2018 

Hines, D. A., and K. Eckman. 1993. Indigenous multipurpose trees of Tanzania: uses and 

economic benefits for people. FO: Misc93/9. Working paper. FAO, Rome, Italy. 

Honsbein D, Shiningavamwe K.L, Iileka J and De la Puerta. 2017. Viability of Bush Based Feed 

Production in Namibia: From Encroacher Bush to Animal Feed.GIZ-Support to De-

bushing Project. Ministry of Agriculture and Forestry. 

Honsbein, D. 2016. Bioenergy modelling for Southern Africa – benchmarking Namibia and South  

Africa. Aston University, Birmingham, UK. 

Honsbein, D., P. V. C. Peacocke, E. Gyftopolou and D.F. Joubert. 2010.Incentive Scheme for 

Invader Bush Management– A Cost Benefit Analysis (Part1),Ministry of Agriculture, 

Water and Forestry Namibia, pag. 26.  

Hove, L., Topps, J.H., S. Sibanda and L.R. Ndlovu. 2001. Nutrient intake and utilisation by goats 

fed dried leaves of the shrub legumes Acacia angustissima, Calliandra calothyrsus and 

Leucaena leucocephala as supplements to native pasture hay Influence of 

https://www.feedipedia.org/user/3
https://www.feedipedia.org/user/4
https://www.feedipedia.org/node/347


123 
 

proanthocyanidins on ruminant nutrition. PhD thesis. University of Zimbabwe, Harare, 

Zimbabwe. J. Anim. Feed. Sci.Technol. 91: 95-106. 

Hristov, A. N., G. Waghorn, H. P. S. Makkar and J. L. Firkins. 2013. Mitigation of methane and 

nitrous oxide emissions from animal operations: III. A review of animal management 

mitigation options. J. Anim. Sci. 91 (11): 5095–5113. Available at: 

http://www.fao.org/ag/AGPC/doc/couprof/. Accessed: 22 August 2018. 

Huntley, B. J. 1982. Southern African Savannas. In B. J. Huntley and B. H. Walker, editors. Eco 

Tropic. Savanah. Spri Billings, W.D.; Golley, F.; Lange, O.L.; Olson, J.S.; Remmert, H. 

nger-Verlag. Berlin, Heidelberg, New York. 101-119.  

International Atomic Energy Agency (IAEA). 2006. Improving animal productivity for 

supplementary feeding of multi-nutrient blocks. Controlling international parasites and 

enhancing utilization of alternative feed resources. IAEA TECDOC Series No. 1495. 

IAEA, Vienna, Austria, pp 80.  

Jackson, F.S., T.N. Barry, C. Lascano, and B. Palmer. 1996. The extractable and bound condensed 

tannin content of leaves from tropical tree. J. Sci. Food. Agric.71, 103–110. 

Jenkins, K. J., and A. S. Atwal.1994. Effects of dietary saponins on fecal bile acids and neutral 

sterols, and availability of vitamins A and E in the chick. J. Nutri. Biochem. 5:134–138. 

Jones, B.T.B. 2003. Selected natural resource management and limited rural development 

assessment. USAID/Namibia. 1-90. 

http://www.fao.org/ag/AGPC/doc/couprof/


124 
 

Jones, G.A. and J.L. Mangan. 2003. Effects of sainfoin (Onobrychis viciifolia Scop.) condensed 

tannins on growth and proteolysis by four strains of ruminal bacteria. J. Appl. Env. 

Microbiol. 60:1374-1378.  

Jones, R. J. and C. W. Ford. 1972. Some factors affecting the oxalate content of the tropical grass 

Setaria sphacelata. Austr .J. Exp. Agric. Anim. husb.12:400-406.  

Joubert D.F. and I. Zimmermann. 2014. The potential impacts of wood harvesting of bush 

thickening species on biodiversity and ecological processes. Proceedings of the first 

National Forestry Research Symposium, Windhoek, Namibia, page. 67-78. 

Joubert D.F. and I. Zimmermann.2017. An expert system for bush encroachment by Acacia 

mellifera in Namibian savannas. Debushing Advisory Service, Windhoek, Namibia. 

www.dasnamibia.org/download/DecisionSupport-System.pdf. 

Joubert, D.F., A, Rothauge and G.N. Smit, 2013. A conceptual model of vegetation dynamics in 

the semiarid Highland savanna of Namibia, with particular reference to bush thickening by 

Acacia mellifera. J. Arid. Env. 72(12):2201-2210. 

Joubert, D.F., Zimmermann, I. 2002. The potential impacts of wood harvesting of bush thickening  

species on biodiversity and ecological processes. Proceedings of the first National Forestry 

Research Symposium, Windhoek, Namibia, page. 67-78. 

Kaitho, R. J., N. N. Umunna, I. V. Nsahlai, S. Tamminga, J. van Bruchem, J. Hanson and M. van 

de Wouw.1996. Palatability of multipurpose tree species: effect of species and length of 

study on intake and relative palatability by sheep. J. Agro. Systems.33 (3): 249-261. 



125 
 

Kaitho, R.J., Umunna, N.N., Nsahlai, I.V., S. Tamminga, and J. Van Bruchem, 1997. Utilization 

of browse supplements with varying tannin levels by Ethiopian Menz sheep: 1. Intake, 

digestibility and live weight changes. J. Agro. Syst. 39: 145-159. 

Kakengi, V.A.M., S.M. Ndabikunze, S.V. Starwatt, and T. Fujihara.2007. Trace mineral contents 

of grass and browses in Tanzania and its implication to ruminant feeding and reproduction. 

J. Food. Agric. Env .5 (1): 210-215.  

Kambatuku, J.R., MD, Cramer and D. Ward. 2011. Intraspecific competition between shrubs in a 

semi-arid savanna. Plant Ecology, 212(4):701-713.  

Kamupingene, G.T. and A.L. Abate. 2004. Nutritive value of goat diets in Okondjatu communal 

area of east-central Namibia. South Afric .J. Anim. Sci. 34 (Supplement1).  

Kechero, Y. and B Duguma. 2011. Evaluation of Nutritive Value of Albizia gummifera Foliages 

as Fodder Source for Livestock in Agrisilvipastoral System. Int .J. Agric. Res. 6:389-399. 

DOI:10.3923/ijar.2011.389.399.Availableat: 

https://scialert.net/abstract/?doi=ijar.2011.389.399. Accessed: 12 August 2018.  

Kgosikoma, O.E. and K. Mogotsi. 2013. Understanding the causes of bush encroachment in 

Africa: The key to effective management of savanna grasslands. Tropic. Grassl. Forages. 

1: 215-219. 

Khare, S. K.2000. Entrapment of wheat phytase in polyacrylamide gel and its application in soy 

milk phytate hydrolysis. J. Biotech. Appl. Biochem. 19:193–198.  

Kindness, H., J.L.N., Sikosana, V. Mlambo, and J.F. Morton. 1999. Socio-economic surveys of 

goat keeping in Matobo and Bubi districts. UK Natural Resources Institute. 

https://scialert.net/abstract/?doi=ijar.2011.389.399


126 
 

Knemeyer, J.L. 1985. Untersuchung über die Nutzung marginaler Standorte in Afrika durch eine 

Bewirtschaftung von Wildtieren - dargestellt am Beispiel von Nordwest Namibia, 

(Investigation on the use of marginal regions in Africa for wildlife management – an 

example from north-western Namibia). 1-250. Justus-LiebigUniversiät Giessen. 

Kraaij, T. and D.Ward. 2006. Eff ects of rain, nitrogen, fire and grazing on tree recruitment and 

early survival in bush-encroached savanna, South Africa. J. Plant. Ecol. 186: 235 –246. 

Krebs, G. L., R. R Rouda and S. P Van Wyngaarden. 2004. Feeding value and cost of native spear 

grass hay in Western Australia. J. Austr. Soci. Anim. Prod. 25: 104-107. 

Kumar, R and J.P.F. D’Mello. 1995. Antinutritional factors in forage legume. In: D’Mello, J.P.F., 

Devendra, C. (Eds.).Tropical Legumes in Animal Nutrition. CAB International, pp. 95–

133. 

Kumar, R. and M. Singh. 1984. Tannins: their adverse role in ruminant nutrition. J. Anim. Feed. 

Sci .Technol.32:447. 

Kumar, R. and S. Vaithiyanathan. 1990. Occurrence, nutritional significance and effect on animal 

productivity of tannins in tree leaves. J. Anim. Feed. Sci .Technol. 30: 21–38. 

Kumar, U., V.K. Sareen and S. Singh. 1994. Effect of Saccharomyces cerevisiae yeast culture 

supplement on ruminal metabolism in buffalo calves given a high concentrate diet. J. Anim. 

Prod. 59: 209–215.  

Larbi, A., J. W. Smith, I. O. Kurdi and I. O. Adekunle. 1998. Chemical composition, rumen 

degradation, and gas production characteristics of some multipurpose fodder trees and 



127 
 

shrubs during wet and dry seasons in the humid tropics. J. Anim. Feed. Sci .Technol. 72:81-

96.  

Launchbaugh, K. L., F. D. Provenza, and J. A. P. fister. 2001. Herbivore response to anti-quality 

factors in forages. J. Range. Manage. 54:431–440.  

Le Houerou H.N.1989. An assessment of the economic feasibility of fodder shrubs plantations 

(with particular reference to Africa). In: C.M. McKell (Editor). The Biology and Utilization 

of Shrubs. Academic Press. London, pp. 603-629. 

Le Houerou H.N.1992. An overview of vegetation and land degradation in world arid lands. In:  

H.E. Dregne (Editor). Degradation and Restoration of Arid Lands. International Center for 

Arid and Semi-Arid Land Studies. Texas Technical University. Lubbock, TX, pp. 127-163. 

Le Houerou, H. N. 1980. Chemical composition and nutritive value of browse in West Africa. In: 

Le Houerou, H. N. (Ed): Browse in Africa. The current state of knowledge. Addis Ababa. 

ILCA.261. 

Lengarite, M.I., G. Getachew, L. Akudabweni and D. Hoag. 2014. Supplementary feeding of 

lactating goats with processed and unprocessed Acacia tortilis pods and local grass in the 

dry season in northern Kenya. J. Agric. Sci. Res. 4(3): 63-71. 

Long, M. I. F., W. K., Ndyanabo, B. Marshal, and D. D. Thornton, 1969. Nutritional Park, Uganda. 

IV. Mineral content. J. Tropic. Agric. Sci. (Trinidad) 46:201. 

López S.2005. In vitro and in situ techniques for estimating digestibility. In: J. Dijkstra, J.M.  

Forbes, J. France (Editors). Quantitative Aspects of Ruminant Digestion and Metabolism. 

2nd Edition. CAB International. Wallingford, pp. 87-121. 



128 
 

Lopez, E., A. Pro, C. Becerril, P. Perez and M. Cuca, 1999. Common vetch (Vicia sativa) for 

feeding does. 6th World Rabbit Congress, Toulouse, 1:227-230. 

López, J. L., C. M. Mederos, R., Pérez-Carmenate, 1991. A note on the chemical composition of 

foliage from two varieties of Clitoria ternatea. Rev. Comp. Prod.Porc.8: 28-35.  

Lu, C. D.1988. Grazing behavior and diet selection of goats. J. Small. Rum. Res. 1:205-216 · DOI: 

10.1016/0921-4488(88)90049-1. Accessed: 23 August 2018. 

Lubbe, L and Kr¨uger, B. 2010. Personal communication. Workshop on March 04,  

2010, Windhoek, Namiba.cited in Natalia et al. (2010)  

Lucia Marius, N .2010.Evaluation of local feed resources, their response on intake, Growth, milk 

yield and composition and product properties of Namibian indigenous goats. PhD Thesis. 

Department of Animal Science, Faculty of Agriculture. Kwame Nkrumah University of 

Science and Technology. 

Luginbuhl, J.M. and M.H. Poore. 1998. Nutrition of meat goats. Available online at: 

www.cals.ncsu.edu/an_sci/extension/animal/meatgoat/MGNutr.htm. Accessed: 12 June 

2018. 

M S Lukhele and J.B.J. Van Ryssen. 2003. The chemical composition and potential nutritive value 

of the foliage of four subtropical tree species in southern Africa for ruminants. South Afric 

J. Anim. Sci.33 (2). 

Maasdorp, B. V., V. Muchenje and M. Titterton. 1999. Palatability and effect on dairy cow milk 

yield of dried fodder from the forage trees: Acacia boliviana, Calliandra calothyrsus and 

Leucaena leucocephala. J. Anim. Feed. Sci .Technol. 77: 49-59. 

http://www.cals.ncsu.edu/an_sci/extension/animal/meatgoat/MGNutr.htm.%20Accessed:10


129 
 

Mada, S.B., A. Garba, A. Mohammed and H. A. Olagunju. 2012. Effects of Boiling and Roasting 

on Antinutrients and Proximate Composition of Local and Some Selected Improved 

Varieties of Arachis hypogaea (Groundnut). Int .J. Food. Nutri. 1 (1): 45-53, ISSN: 2165-

896X.  

Madibela, O.R., O. Seitshiro and M.E. Mochankana. 2006. Deactivation effects of polyethylene 

glycol (PEG) on in vitro dry matter digestibility of Colophospermum mopane (Mopane) 

and Acacia browse trees in Botswana. Pakist .J. Nutri.5: 343-347. 

Maitland, P., M. Nierenstein, C. A. Mitchell, G. R. Lynch, P. J. Norman, E. B. Hughes, and H. H. 

Bagnall. 1936. Tea and coffee, with special reference to their alkaloids and tannins. Analyst 

61:288-314. 

Majuva-Masafu, M.M and M.J. Linington. 2006. The effect of Browse PlusTM on nutrient intake, 

rumen pH and digestibility of a sole diet of Leucaena leucocephala forage. Afric .J.  Range. 

Forage. Sci.  23:171-175. 

Makkar H.P.S. 2003a. Effects and fate of tannins in ruminant animals, adaptation to tannins, and 

strategies to overcome detrimental effects of feeding tannin-rich feeds. J. Small. Rum. 49: 

241–256. 

Makkar H.P.S., Francis G and Becker K.2007. Bioactivity of phytochemicals in some lesser-

known plants and their effects and potential applications in livestock and aquaculture 

production systems Institute for Animal Production in the Tropics and Subtropics (480b), 

University of Hohenheim, 70593 Stuttgart, Germany. J. Small. Rum. 1: 1371-1391. 

Makkar H.P.S.2003b. Quantifcation of Tannins in Tree and Shrub Foliage. Kluwer Academic 

Publishers. Dordrecht (The Netherlands). 



130 
 

Makkar H.P. S. 2003. Quantification of Tannins in Tree and Shrub Foliage: A Laboratory Manual, 

ed. by Makkar HPS. Kluwer Academic, Dordrecht, the Netherlands.  

Makkar, H.P.S., 1999. Evaluation and enhancement of feeding value of tanniniferous feeds. 

Tannins in Livestock and Human Nutrition. Proceedings of International Workshop, 

Adelaide, Australia, pp. 52–56. 

Makkar, H.P.S., and B.Singh. 1993. Effect of storage and urea addition on detannification and in 

Sacco dry matter digestibility of mature oak (Quercus incana) leaves. . J. Anim. Feed. Sci 

.Technol.41: 247–259. 

Makkar, H.P.S., and K. Becker .1993a. Behavior of tannic acid from various commercial 

sources towards some chemical and protein precipitation assays. J. Sci. Food. Agric. 62: 

29–299. 

Makkar, H.P.S., M. Bluemmel and K. Becker, .1995. Formation of complexes between 

polyvinyl pyrrolidone and polethylene glycol with tannins and their implications in gas 

production and true digestibility in in vitro techniques. Brit .J. Nutri. 73: 897–913. 

Makkar, H.P.S., M., Bluemmel, N.K., Borowy and K. Becker .1993b. Gravimetric determination 

of tannins and their correlations with chemical and protein precipitation methods. J. Sci 

Food. Agric. 61:161–165. 

Makkar, H.P.S., Singh, B., 1992. Effect of wood ash on tannin content of oak (Quercus incana) 

leaves. J. Anim. Feed. Sci .Technol.41, 85–86. 

Makkar, H.P.S., Singh, B., Kamra, D.N., 1994. Biodegradation of tannin in oak (Quercus incana) 

leaves by Sporotricum pulverulentum. J. Appl. microbio. 18, 42–44.  



131 
 

Makkar, H.P.S.1993c. Antinutritional factors in food for livestock. In: Gill, M., Owen, E., Pollott, 

G.E., Lawrence (Eds.), Animal Production in Developing Countries. Brit. Soc. Anim. prod. 

Occasional publication, No. 16, pp. 69–85. 

Mangan, J.L. 1988. Nutritional effects of tannins in animal feeds. Nutritional research Reviews 

1:209–231.  

Mannheimer, C.A. and Curtis, B.A. 2009. Tree Atlas of Namibia. Windhoek: National Botanical 

Research Institute. pp 688.  

Maphosa, V., J.L.N. Sikosana, and V. Muchenje. 2009. Effect of doe milking and supplementation 

of Dichrostachys cinerea pods on kid and doe performance in grazing goats during the dry 

season. J. Tropic. Anim. Heal. Prod. 41: 535-541. 

Mapiye, C., M. Chimonyo, K. Dzama, P. E. Strydom, V. Muchenje, M. C. and M. Marufu. 2009.  

Nutritional status, growth performance and carcass characteristics of Nguni steers 

supplemented with Acacia karroo leaf-meal. J. Livest. Sci. 126: 206–214. 

Masunda, B. 2002a. Home-made multi-nutrient blocks for improved ruminant performances. J. 

Tropic. Anim. Heal. Prod. 51: 35-41. 

MAWF (Ministry of Agriculture, Water and Forestry). (1997). Livestock production and health in 

North Central Namibia (Technical report 2). Ongwediva, Namibia: FSRE. 

MAWF (Ministry of Agriculture, Water and Forestry). (2003). Vegetation map of Namibia. 

Windhoek: Ministry of Agriculture, Water and Forestry. MAWF (Ministry of Agriculture, 

Water and Forestry). Agricultural Statistics Bulletin. Windhoek: Directorate of 

Planning121. 



132 
 

MAWF (Ministry of Agriculture, Water and Forestry).2007. Agricultural Statistics Bulletin. 

Windhoek: Directorate of Planning. 

MAWF. 2014. Livestock Census database 2000-2014. Directorate of Veterinary Science, 

Windhoek, Namibia.  

MAWF. 2016. Laboratory analysis logbook. Analytical Services and Product Development, 

Windhoek, Namibia. 

MAWF.2012. National rangeland management policy and strategy – Restoring Namibia’s 

rangelands. Ministry of Agriculture, Water and Forestry, Windhoek, Namibia. 

MAWF.2014. Agricultural Statistics Bulletin. Windhoek: Directorate of Planning. 

McClaran, M. P., C.R, McMurtry and S.R. Archer .2013. A tool for estimating impacts of woody 

encroachment in arid grasslands: allometric equations for biomass, carbon and nitrogen 

content in Prosopis velutina. J. Arid. Env. 88:39-42.  

McDonald P., R. A. Edwards, J. F. D. Greenhalgh, C. A., Morgan, L.A. Sinclair and R. G. 

Wilkinson .2011. Animal Nutrition, Pearsons, Seventh edition, 665. 

McDonald, I. 1981. A revised model for the estimation of protein degradability in the rumen. J. 

Agric. Sci. (Cambridge.) 96, 251–252. 

McDonald, P., R.A. Edwards, J.F.D. Greenhalgh, and C.A. organ .1995. Silage Pages 451-464 in 

Animal Nutrition. 5th ed. Adison Wesley Longman. Harlaw. UK. 

McDowell, L.R. 1992. Minerals in Animal and Human Nutrition. Academic Press, San Diego, 

Calif.  



133 
 

McSweeney, C, S., B. P. Dalrymple, K. S. Gobius, P.M. Kennedy, D .O. Krause, R. I Mackie and 

G. P. Xue. 1999. The application of rumen biotechnology to improve the nutritive value of 

fibrous feedstuffs: pre-and post-ingestion. J. Livest. Produc. Sci. 59: 265-283. 

Meik, j. M., M. Richard, R. Joseph, I. Mendelson and E.J Kate. 2002. Effects of bush encroachment 

on an assemblage of diurnal lizard species in central Namibia. J. Bio. cons. 106:  29–36.  

Mendelsohn, J., A. Jarvis, C. Roberts and T. Robertson.2002. Atlas of Namibia. Directorate of 

Environmental Affairs, Ministry of Environment and Tourism, Windhoek, Namibia. 

Mendelsohn, J., A. Jarvis, C. Roberts and T. Robertson .2003. Atlas of Namibia: A 

portrait of the land its people. David Philip Publisher. Cape Town. South Africa.  

Mendelsohn, J., S. El Obeid, N. de Klerk, and P. Vigne, 2006. Farming Systems in 

Namibia. Windhoek, Namibia.  

Menke, K. H., L. Raab, A. Salewski, H. Steingass, D. Fritz, and W. Schneider, 1979. The 

estimation of the digestibility and metabolizable energy content of ruminant feeding stuffs 

from the gas production when they are incubated with rumen liquor in vitro. J. Agric. Sci. 

93: 2 17-222. 

Menke, K.H., and H. Steingass. 1988. Estimation of the energetic feed value obtained from 

chemical analysis and in vitro gas production using rumen fluid. J. Anim. Res. Dev. 28: 7–

55. 

Millet, J., A, Bouchard and C. Edelin. 1970. Modifying wood to increase its in vitro digestibility. 

J. Anim. Sci. 31:781-788. 



134 
 

Min, B. R., T. N. Barry, G. T. Attwood, and W. C. McNabb, 2003. The effect of condensed tannins 

on the nutrition and health of ruminants fed fresh temperate forages: a review. J. Anim. 

Feed. Sci .Technol. 106:3-19. 

Ministry of Agriculture, Water and Forestry (MAWF). 2016. Laboratory analysis logbook. 

Analytical Services and Product Development, Windhoek, Namibia. 

Ministry of Agriculture, Water and Forestry and Ministry of Environment and Tourism (MAWF 

and MET). 2017. Forestry and Environmental Authorisations Process for Bush Harvesting 

Projects. 

Minson, D. J. 1990.Forages in Ruminant Nutrition. Academic press, San Diego, California, 

pp.208-229. 

Mkhize, N.R., I. Heitkonig, P. Scogings and L. Dziba. 2015.  Effects of condensed tannins on live 

weight, faecal nitrogen and blood metabolites of free-ranging female goats in a semi-arid 

African savanna. J. Small. Rum .166:28-34. 

Mlambo V., F.L. Mould. T., Smith, E. Owen, J.L.N Sikosana and I. Mueller-Harvey 2009. In vitro 

biological activity of tannins from Acacia and other tree fruits: Correlations with 

colorimetric and gravimetric phenolic assays. South Afric .J. Anim. Sci. 39, 131-143. 

Mlambo, V. 2002. Modifying the nutritional effects of tannins present in Acacia and other tree 

fruits offered as protein supplements to goats in Zimbabwe. PhD thesis, University of 

Reading, UK. 



135 
 

Mlambo, V. 2002. Modifying the nutritional effects of tannins present in Acacia and other tree 

fruits offered as protein supplements to goats in Zimbabwe. PhD thesis, University of 

Reading, UK. 

Mlambo, V. and C. Mapiye. 2015. Towards household food and nutrition security in semi-arid 

areas: What role for condensed tannin-rich ruminant feedstuffs? Food Research 

International, Available at: http://dx.doi.org/10.1016/j.foodres.2015.04.011. Accessed. 01 

August 2018. 

Mlambo, V., F. L. Mould, J. L., N. Sikosana, T. Smith, E. Owen, and I. Mueller-Harvey. 2008. 

Chemical composition and in vitro fermentation of tannin-rich tree fruits. J. Anim. Feed 

Sci .Technol. 140: 402-417. 

Mlambo, V., J.L.N. Sikosana, F.L. Mould, T. Smith, E. Owen, and I. Mueller-Harvey. 2007. The 

effectiveness of adapted rumen fluid versus PEG to ferment tannin-containing substrates 

in vitro. J. Anim. Feed. Sci .Technol. 136: 128-136. 

Mlambo, V., T. Smith, E. Owen, F.L. Mould, J.L.N. Sikosana and I. Mueller-Harvey, 

2004.Tanniniferous Dichrostachys cinerea fruits do not require detoxification for goat 

nutrition: in Sacco and in vivo evaluations. J. Livest. Produc Sci. 90: 135-144. 

Mokoboki, H.K. 2011. Effect of species within season on techniques used to measure nutritive 

value and anti-nutritional factors in browse tree leaves. J. Life. Sci 2:112-119. 

http://www.lifesciencesite.com. Accessed: 12 August 2018.  

Mokoboki, H.K., L.R. Ndlovu J.W. Ng´ambi, M.M. Malatje and R.V. Nikolova, 2006.  Nutritive 

value of Acacia tree foliages growing in the Limpopo Province of South Africa. South 

Afric .J. Anim. Sci .35 (4). DOI: 10.4314/sajas.v35i4.3963.Accesed: 10 November 2018.   

http://dx.doi.org/10.1016/j.foodres.2015.04.011


136 
 

Mokoboki, H.K., L.R. Ndlovu, J.W. Ngambi, M.M. Malatje, and R.V. Nikolovav .2005. 

Nutritive value of Acacia tree foliages growing in the Limpopo Province of South Africa. 

South Afric. J. Anim Sci. 35: 221–228. 

Moleele, N.M. 1998. Encroacher woody plant browse as feed for cattle. Cattle diet composition 

for three seasons at Olifants Drift, south-eastern Botswana. J. Arid. Env. 40:255-268.  

Morand-Fehr, P. 2005. Recent developments in goat nutrition and application: A review. J. Small 

Rum. 60: 25-43.  

Morton, J. F. 2007. The impact of climate change on smallholder and subsistence 

agriculture. PNAS 104:19685. 

Mountousis, I., K Papanikolaou, G. Stanogias, F. Chatzitheodoridis and V. Karalazos .2006. 

Altitudinal chemical composition variations in biomass of rangelands in Northern Greece. 

J. Livest. Res. Rur. Dev. 18(8).  

Mphinyane, W.N. 2001. Influence of livestock grazing within piospheres under free range and 

controlled conditions in Botswana. 

Mphinyane, W.N. and N.F.G.Rethman. 2003. Influence of livestock grazing within piospheres on 

soil nutrients distribution and forage quality in the Kalahari Sandveld. Proceedings of the 

VIIth International Rangeland Congress, Durban.378-381. 

Mtengeti, E. J. and A. Mhelela. 2006. Screening of potential indigenous browse species in semi-

arid central Tanzania. A case of Gairo division.Livestock. Research for Rural 

Development, 18 (8): 108.Available at: http://www.lrrd.org/lrrd18/8/mten18108.htm. 

Accessed: on 07/08/2014.  

http://www.lrrd.org/lrrd18/8/mten18108.htm


137 
 

Mtui, D.J, F.P. Lekule, M.N. Shem, T. Ichinohe and T Fujihara. 2009. Comparative potential 

nutritive value of grasses, creeping legumes and multipurpose trees commonly in sub 

humid region in the Eastern parts of Tanzania. J. Livest. Res. Rur. Dev. 21 (10).  

Mtui, D.J, F.P. Lekule, M.N. Shem, T. Ichinohe, and T Fujihara. 2008. Mineral concentration in 

leaves of nine browse species collected from Mvomero, Morogo, Tanzania. J. food. Agric 

Environ.6:226-230. 

Mturi, F. A. 1991. The Feeding Ecology and Behaviour of the Red Colobus Monkey (Colobus 

badius kirkii), Ph.D. thesis, University of Dar es Salaam, Tanzania.  

Mturi, F. A. 1993. Ecology of the Zanzibar red colobus monkey, Colobus badius kirkii (Gray, 

1868), in comparison with other red colobines. In Lovett, J. C., and Wasser, S. K. (eds.), 

Cambridge University Press, Cambridge, pp. 243–266.  

Mueller-Harvey I, and A. B. McAllan 1992. Tannins: Their biochemistry and nutritional 

properties. Advances in plant cell biochemistry and biotechnology. 1: Morrison IM, editor. 

J. Astronom. 151–217.  

Mueller-Harvey Irene. 2006. Unravelling the conundrum of tannins in animal nutrition and health. 

J. Anim. Feed. Sci .Technol. 86:2010–2037 

Mueller-Harvey, I. 2001. Analysis of hydrolysable tannins. J. Anim Feed Sci .Technol. 11: 3-20. 

Mueller-Harvey, I. and McAllan, A.B., 1992. Tannins. Their biochemistry and nutritional 

properties. Advanced Plant Cell Biochemistry. J. Biotechnol. 1: 151-217. 

Mueller-Harvey, I., 2005. Review. Unravelling the conundrum of tannins in animal nutrition and 

health. J. Sci. Food. Agric. 86: 2010-2037.  



138 
 

Mui, N. T., D. T. T. Van and I. Ledin. 2002. Feed intake and behaviour of kids and lambs fed sugar 

cane as the sole roughage with or without concentrate. J. Anim. Feed. Sci .Technol. 100:79-

9.  

Muir, J. P., W. D. Pitman, J. C. Jr. Dubeux, and J. L. Foster. 2014. The future of warm-season, 

tropical and subtropical forage legumes in sustainable pastures and rangelands. Afric .J. 

Range. Forage. Sci. 31(3), 187-198. 

Mukuru, S.Z., L.G. Butler, J.C. Rogler, A.W. Kireis, G. Ejeta, J.D. Axtell, and E.T. Mertz, 

1992.Traditional processing of high tannin sorghum grain in Uganda and its effect on 

tannin, protein in digestibility and rat growth. J. Sci. Food. Agric. 40: 1172-1175. 

Namibia Livestock Census Report (NLCR). 2010. Ministry of Agriculture, Water and Forestry. 

Directorate of Veterinary Services, Windhoek, Namibia. 

Namibia Meat Board Annual Report (NMBAR). 2011. Slaughtering and Marketing Statistics of 

Livestock at Abattoirs in Namibia, Windhoek, Namibia. 

Namibia National Farmers Union (NNFU). (2006). Farming systems in Namibia. Capetown, South 

Africa: ABC press. 

Namibia Rangeland Monitoring Project. 2015 – 2017. EU funded project, carried out by Agra  

ProVision and Agri-Ecological Services. www.namibianrangelands.com, accessed on 17 

July 2017. 

Namibia Statistics Agency. 2016. Key highlights of the Namibia Labour Force Survey 2016 

Report, Namibia Statistics Agency. Windhoek, Namibia. (2016), page. 13. 

www.nsa.org.na 



139 
 

Namibia Statistics Agency. 2017. Preliminary National Accounts for Namibia. www.nsa.org.na 

Narvaez, N., Y. Wang, Z. Xu and T. McAllister. 2011. Effects of hops on in vitro ruminal 

fermentation of diets varying in forage content. J. Livest. Sci.138:193-201. 

Natalia, L., M. F. Quaas, and S. Baumgärtner .2010. Bush encroachment control and risk 

management in semi-arid rangelands, University of Lüneburg Working Paper Series in 

Economics, No. 19.  

National Planning Commission (NPC). (2012). Namibia development plan 4 (Document). 

Windhoek, Namibia: Office of the President. 

National Research Council (NRC). (1984). Nutrient requirements of domestic animals:  

Nutrient requirements of beef cattle (6th Ed.). Washington, D.C: National Academy of 

Sciences. 

National Research Council (NRC). (2001). Nutrient requirements of dairy cattle. Washington, DC: 

National Academy Press. 

Naumann, H. D., A. E. Hagerman, B. D. Lambert, J. P. Muir, L. O. Tedeschi, and M. M. 

Kothmann. 2014b. Molecular weight and protein-precipitating ability of condensed tannins 

from warm-season perennial legumes. J. Plant. Interac. 9:212-219. 

Ndlovu, L.R. and F.V. Nherera. 1997. Chemical composition and relationship to in vitro gas 

production of Zimbabwean browsable indigenous tree species. J. Anim. Feed. Sci .Technol.  

69: 121-129.  



140 
 

Ndlovu, L.R., H.M. Sibanda, L.M. Sibanda and E. Hove. 1995. Nutritive value of pods of 

indigenous browsable tree species in a semi-arid areas of Zimbabwe. Annal. De. 

Zootech.44 (51). 

Ngambu, S. V. Muchenje and U. Marume. 2013. Effect of Acacia karoo supplementation on 

growth ultimate pH, colour and cooking losses of meat from indigenous Xhosa Lop-eared 

goats. Asian-Austr. J. Anim. Sci. 23: 128-133. 

Nguyen, T.T., and J. Ly, 2002. A short-term study of growth and digestibility indices in Mong 

CAI pigs fed rubber seed meal. J. livest. Res. Rur. develop.14 (2): 1-7. 

Ngwa, A. T., I. V. Nsahlai and M. L. K. Bonsi. 2003. Feed intake and dietary preferences of sheep 

and goats offered hay and legume-tree pods in South Africa. Agroforestry Systems, 57 (1): 

29-37. 

Niezen, J. H., T. S. Waghorn, W. A. G. Charleston and G. C. Waghorn. 1995. Growth and 

gastrointestinal nematode parasitism in lambs grazing either lucerne (Medicago sativa) or 

Sulla (Hedysarum coronarium) which contains condensed tannins. J. Agric Sci. 125 (2): 

281-289. 

Njarui, D.M.G. and J.G. Mureithi. 2004. Forage Production Systems for Dairy Production in the 

Coastal Lowlands of Kenya .J. Bio. Life Sci.195-218.  

Nonyane, F. 2013. Acacia mellifera. South African National Biodiversity Institute (SANBI).  

Norton, B.W., 1994. Tree legumes as dietary supplements for ruminants. In: Gutteridge, R.C., 

Shelton, H.M. (Eds.), Forage Tree Legumes in Tropical Agriculture, CAB International, 

and pp. 177–191. 



141 
 

NPCS (National Planning Commission Secretariat). 2010. Combating Bush Encroachment for 

Namibian’s Development. CBEND Project, Rural Poverty Reduction Programme, 

Decentralized Demand Driven Action, Quarterly Progress Report, April – June 2010, 

Progress Report 11. 

NRC. 1981. Nutrient requirements of domestic animals, number 15: Nutrient requirements of 

goats: Angora, dairy, and meant goats in temperate and tropical countries. National 

Academic Press. Washington, D.C.  

NRC. 1987. Predicting Feed Intake of Food-Producing Animals Board on Agriculture (BOA). 

National academic press, open book.  

Nsahlai, I.V., F.N. Fon and N.A.D. Basha. 2011. The effect of tannin with and without 

polyethylene glycol on in vitro gas production and microbial enzyme activity. South Afric 

J. Anim. Sci. 41: 337-344. 

Nsahlai, I.V., N.N. Umunna and P.O. Osuji. 1999. Influence of feeding sheep on oilseed cake 

following the consumption of tanniferous feeds. J. livest. Produc. Sci. 60: 59-69. 

Oba M. and M. S. Allen. 2005. In vitro digestibility of forages. pp. 81-91 Proc. Tri State Dairy 

Nutrition Conference, Department of Dairy Science. The Ohio State University, Columbus, 

Ohio, 43210.  

Ondiek, J. O., S. A. Abdulrazak, E. N. Njoka. 2010. Chemical and mineral composition, in-vitro 

gas production, in-sacco degradation of selected indigenous Kenyan browses. J. Livest. 

Res. Rur. Dev. 22 (2): 25.  



142 
 

Orwa, C., A. Mutua, R. Kindt, R. Jamnadass, S. Anthony. 2009. Agroforestry Database: a tree 

reference and selection guide version 4.0. World Agroforestry Centre, Kenya. 

Osagie, A.U. 1998. Antinutritional Factors in Nutritional Quality of Plant Foods. Ambik Press Ltd 

Benin City, Nigeria, pp. 1-40. 

Osuga, I. M., C. C. Wambui, S. A. Abdulrazak, T. Ichinohe, T. Fujihara. 2008. Evaluation of 

nutritive value and palatability by goats and sheep of selected browse foliages from 

semiarid area of Kenya. J. Anim. Sci. 79 (5): 582-589.  

Osuga, I.M., C.N Maindi, S.A Abdulrazak, N. Nishino Ichinohe T and T. Fujihara .2007. Potential 

nutritive value and tannin bioassay of selected Acacia species from Kenya. J. Sci. Food. 

Agric. 87:1533-1538. 

Osuga, I.M., C.N Maindi, S.A Abdulrazak, N. Nishino Ichinohe T and T. Fujihara. 2005. Chemical 

composition, degradation characteristics and effect of tannin on digestibility of some 

browse species from Kenya harvested during the wet season. Asian-Austr. J. Anim. Sci. 

18:54–60. 

Osuji P.O and A. A. Odenyo. 1997. The role of legume forages as supplements to low quality 

roughagesILRI experience. J. Anim. Feed. Sci .Technol. 69: 27-38. 

Osuji, P.O., I.V. Nsahlai, and H. Khalili. 1993. Feed Evaluation. International Livestock Centre 

for Africa (ILCA), Addis Ababa, Ethiopia. 

Owens, F. N., D. A. Sapienza, and A. T. Hassen. 2010. Effect of nutrient composition 

of feeds on digestibility. J. Anim. Sci. 88: 151-169. 



143 
 

Papachristou, T.G., P.D Platis, V.P, Papanastasis and C.N Tsiouvaras. 1999. Use of deciduous 

woody species as a diet supplement for goats grazing Mediterranean shrublands during the 

dry season. J. Anim. Feed. Sci .Technol.  . 80 (3-4): 267–279. 

Patra, A. K. and J. Saxena. 2010. Exploitation of dietary tannins to improve rumen metabolism 

and ruminant nutrition. J. Sci. Food. Agric. 91:24-37. 

Paulino, M. F., M. F. L. Sales, E. H. B. K. Moraes and L. V. de Barros. 2008. Urea levels in 

multiple supplements for finishing beef cattle on palisade grass pasture during the rainy to 

dry transition. J. Rev. Brasil. De. Zootec. 37 (9): 1704-1712. 

Peacock, C. 1996. Improving Goat Production in the Tropics. A manual for development workers. 

FARM-Africa and Oxfam (UK and Ireland). pp 65-91. 

Pearson, L and J. Langridge. 2008. ‘Climate change vulnerability assessment: Review of 

agricultural productivity’. CSIRO Climate Adaptation Flagship Working paper 

No.1.Available at: http://www.csiro.au/resources/CAF-Working-Papers.  

Perez. H. and B.W. Norton. 1996. Anti-nutritive and toxic factors in forage tree legumes. In: 

Forage Tree Legumes in Tropical Agriculture. Eds. Gutteridge, R.G. &Shelton, H.M., 

CAB, London. International, Wallingford, Oxon, UK. pp 202-215. 

Phale F. and O.R. Madibela. 2006. Concentration of soluble condensed tannins and neutral 

detergent fib rebound tannins in fodder trees and forage crops in Botswana. J. Bio. Sci. 6: 

320-323. 

Poage, G.W., C.B. Scott, M.G. Bisson and F.S. Hartman. 2000. Activated charcoal attenuates 

bitterweed toxicosis in sheep. J. Range. Manage. 53:73-78. 



144 
 

Porter, L.J., L.N. Hrstich and B.G. Chan. 1986. The conversion of procyanidins and 

prodelphinidins to cyanidin and delphinidin. J. Photochem. 25: 223-230. 

Price, M.L., G. B. Larry, C. R. John and R. F. William. 1979. Overcoming the nutritionally harmful 

effects of tannin in sorghum grain by treatment with inexpensive chemicals. J. Agric. Food. 

Chemist. 27:441-445. 

Priolo, M., M. Bella, V. Lanza, L. Galofaro, D. Biondi, H. Barbagallo, Ben Salem and P. Pennisi. 

2005. Carcass and meat quality of lambs fed fresh Sulla (Hedysarum coronarium L.) with 

or without polyethylene glycol or concentrate. J. Small. Rum. 59: 281-288. 

Pritchard, R. H. and R. M. Collins. 1992. Alternate day supplementation of corn stalk diets with 

soybean meal or corn gluten meal fed to ruminants. J. Anim. Sci. 70 (12): 3899-3908. 

Rahman and Kawamura .2011. Oxalate Accumulation in Forage Plants:   Some Agronomic, 

Climatic and Genetic Aspects. Asian-Austr. J. Anim. Sci.  24(3):439-448.  

Rahman, M. M. 2009. Studies on oxalic acid in tropical forage with special reference to the effect 

of fertilizer application. PhD Thesis. The United Graduate School of Agricultural Sciences, 

Kagoshima University, Japan.  

Ramirez, R.G and R. A. Ledezma-Torres. 1997. Forage utilization from native shrubs Acacia 

rigula and Acacia farnesiana by goats and sheep. J. Small. Rum. 25: 43–50. 

Reed, J. D. 1986. Relationships among soluble phenotics, insoluble pro-anthocyanidins and fiber 

in East Africa browse species. J. Range. Manage. 39:5. 



145 
 

Reed, J. D., H. Soller and A. Woodward. 1990. Fooder tree and straw diets for sheep: intake, 

growth, digestibility and the effect of phenolics on nitrogen utilization. J. Anim. Feed. Sci 

.Technol. 30:39. 

Reed, J.D. 1995. Nutritional toxicology of tannins and related polyphenols in forage legumes. J. 

Anim. Feed. Sci .Technol. 73: 1516-1528. 

Reed, J.D. and Soller, H., 1987.Phenolics and nitrogen utilization in sheep fed browse. In: 

Herbivore Nutrition Research, 2nd International Symposium on the Nutrition of 

Herbivores. Ed: Rose, M., University of Queensland, Brisbane. pp. 47-48. 

Robertson, J.B. and P.J. Van Soest. 1981. The detergent system of analysis and its application to  

human foods. In: The analysis of dietary fibre. Eds James, W.P.T. & Theander, O. Dekker, 

New York, USA. 

Roques, K.G., T.G. O.Connor, and A.R. Watkinson, 2001. Dynamics of shrub encroachment in an 

African savanna: relative influences of fire, herbivory, rainfall and density dependence. J. 

Appl. Eco. 38, 268–280.  

Rothauge A .2014. Baseline Assessment for the Debushing Programme in Namibia. www.the-

eis.com/data/literature/De-bushing Baseline Report (Oct 2014).pdf. (Accessed 22 July 

2018).  

Rothauge, A. (2000). New ecological perspectives of arid rangelands. Agricola, 11: 49- 

56. 

 Rothauge, A. 2001. Drought Management Strategies for Namibian Ranchers. Agricola 

12: 99-105. 



146 
 

Rothauge, A. 2006. Newsletter of the Grassland Society of Southern Africa, 11th Agrisson 

Congress. 6(2). Available online at: www.grassland.org.za. Accessed date: 09 July 2018. 

Rothauge. 2016. Dry season baseline assessment 2015: characteristics and management of woody 

plants and livestock in NAFOLA Hotspots. Agriconsultant Namibia, Windhoek, Namibia. 

Rubanza C.D.K., M.N. Shem R. Otsyina, S.S. Bakengesa, T. Ichinohe and T. Fujihara.2005. 

Polyphenolics and tannins effect on in vitro digestibility of selected Acacia species leaves. 

J. Anim. Feed. Sci .Technol. 119:129-142. 

Rubanza, C.D.K., M.N. Shem, R. Otsyina, T. Ichinohe and T. Fujihara .2003.Nutritive evaluation 

of some browse tree legume foliages native to semi-arid areas in western Tanzania. Asian 

Austr. J. Anim. Sci. 16:1429–1437. 

Rubanza, C.D.K., M.N. Shem, R. Otsyina, T. Ichinohe, and T. Fujihara. 2003b. Nutritive 

Evaluation of Some Browse Tree Legume Foliages Native to Semi-arid Areas in Western 

Tanzania. Asian-Austr. J. Anim. Sci. 10: 1429-1437. 

Rubanza, C.D.K., M.N. Shem, R. Otsyina, T. Ichinohe, and T. Fujihara. 2003a. Content of 

phenolics and tannins in leaves and pods of some Acacia and Dichrostachys species and 

effects on in vitro digestibility. J. Anim. Feed. Sci. 12: 645 – 663. 

 Rubanza, C.D.K., M.N. Shem, R. Otsyina, T. Ichinohe, and T. Fujihara. 2006. Polyphenolics and 

mineral composition of selected browse tree species leaves native to north western 

Tanzania traditional fodder banks. J. Food. Agric. Env. 4(1) 328-332.  



147 
 

Rulangaranga, Z. K. 1989. Some important indigenous medicinal and aromatic plants in the wild 

flora of Tanzania mainland. Tropical Forestry Action Plan, Working Paper 24. Tanzania 

Ministry of Lands, Natural Resources and Tourism, Dar es Salam. 1989    

Russell, F. C., 1947. The chemical composition and digestibility of fodder shrubs and trees. In: 

The use and misuse of shrubs and trees as fodder. Imperial Agricultural Bureaux. Joint 

Publication No. 10, 185-231    

Russell, R. W. and J. R. Lolley .1989. Deactivation of tannin in high tannin milo by treatment with 

urea. J. Dai. Sci. 72 (9): 2427-2430 

Rutherford, M.C. 1982. Woody plant biomass distribution in Burkea africana Savannas. In B.J. 

Huntley and B.H. Walker, editors, Ecological Studies 42: Ecology of tropical savannas. 

Springer Verlag. Berlin, Heidelberg, New York. 120-141. 

Saarinen, P., W. Jensen and J. Alhojarvi. 1959. The digestibility of high yield chemical pulp and 

its evaluation. Acta. Agric. Fenn.94:41-46. 

SAEIA. 2016. Strategic environmental assessment of large-scale bush thinning and value-addition 

activities in Namibia, MAWF-GIZ Support to De-bushing Project, page. 7, 36. 

Salem, A.Z.M., L.M. Camacho, D. Cardoso, O.D. Montañez, B. Cruz and S. Rojas. 2011. Browse 

Tree Leaves in Sheep and Goats Nutrition.” Chapter in “Plant‐ Phytochemicals in Animal 

Nutrition” 33‐ 52.  

Salem, A.Z.M., S. López, M.J. Ranilla and J.S. González. 2013. Short- to medium-term effects of 

consumption of quebracho tannins on saliva production and composition in sheep and 

goats. J. Anim. Sci. 91: 1341-1349. 



148 
 

Sallau, A.B., A. Salihu, and U. Stella. 2012. Biosorption of Chromium (VI) from Aqueous Solution 

by Corn Cob Powder. Int .J. Env. Bioenergy. 4(3): 131-140. 

Sanon, H.O., C. Kaboré-Zoungrana and I. Ledin. 2008. Growth and carcass characteristics of male 

Sahelian goats fed leaves or pods of Pterocarpus lucens or Acacia Senegal. J. Livest. Sci. 

117:192–202. 

Sanon, H.O., C. Kabore-Zoungrana, and I. Ledin, 2007. Behaviour of goats, sheep and cattle and 

their selection of browse species on natural pasture in a Sahelian area. J. Small. Rum.67: 

64-74.  

Sansoucy, R. 1994. Livestock – a driving force for food security and sustainable development. 

FAO Working Paper. FAO: Rome, Italy. 

Sarah Robson. 2007. Prussic acid poisoning in Livestock. www.dpi.nsw.gov.au/ Prime facts 

Soetan KO (2008). Pharmacological and other beneficial effects of antinutritional factors 

in plants. –A Review. Afric .J. Biotechnol. 7(25): 4713- 4721. 

Sarangthem, K and T.H.N. Singh.2013. Fermentation decreases the antinutritional content in 

bamboo shoots. Int. J. Microbio Appl Sci. 2(11): 361-369.  

Sawe, J.J., J.K. Tuitoek and J.M. Ottaro, 1998. Evaluation of common tree leaves or pods as 

supplements for goats on range area of Kenya. J. Small. Rumi. 28: 31-37.  

Scalbert, A. 1991. Antimicrobial properties of tannin. Phytochemicals.30:3875-3883.  

Shahidi, F. and M. Nazck. 2004. Extration and Analysis of Phenolics in Food Review. J. Chrom 

.1054, 95-111.http://dx.doi.org/10.1016/j.chroma. Accessed: 01 May 2018.  



149 
 

Shayo, C.M. 1997. Uses, yield and nutritive value of mulberry (Morus alba) tree for ruminants in 

the semi-arid areas of Tanzania. J. Tropic grassl. 31:599-604.Available at: www.tropical 

grasslands .info/public/journals. Accessed: Visited on 22 July 2018. 

Shelton, H. M. and J. L. Brewbaker, 1994. Leucaena leucocephala; the most widely used 

forage tree legume. Forage Trees as Legumes in Tropical Agriculture. CAB International, 

Wallingford: pp. 15–23.  

Shelton, H.M. and Gutteridge, R.C. 1998. Forage Tree Legumes in tropical Agriculture. J. Tropic 

grassl. Soc. Aust. 120 (3): 319-330. 

Shimada, T. 2006. Salivary proteins as defense against dietary tannins. J. Chem. Eco. 32:1149-

1163. 

Sibanda, H.M and Ndlovu L R. 1993.The value of indigenous browseable tree species in livestock 

production in semi-arid communal grazing areas of Zimbabwe. In: The complementarity 

of feed resources for animal production in Africa. Proceedings of the joint feed resources 

networks workshop held in Gaborone, Botswana 4-8 March 1991. Stares J E S. Said A. N 

and Kategile J A (Eds). 1992. African Feeds Research Network. ILCA (International 

Livestock Centre for Africa), Addis Ababa. Ethiopia. pp 430. 

Sikosana, J.L.N., T. Smith, V. Mlambo, E. Owen, I. Mueller-Harvey and F. Mould. 2002b.  

Acacia and other tree pods as dry season feed supplements for goats. In: (eds. T. Smith, 

P.J.B uttery and E. Owen): Strategies to relieve nutritional and health constraints in small 

holder owned goats; Proceedings of the second Link Project Meeting, 8-10 

January2002.Sokoine University of Agriculture. Morogoro, Tanzania. Natural Resources 

International Ltd., pp 69-75.  



150 
 

Sikosana, J.L.N., V. Maphosa, T. Smith, E. Owen, and I. Mueller-Harvey. 2002a. Use of local 

browse tree pods as dry season supplements for goats in the south-west region of 

Zimbabwe. Brit. Soc. Anim. Sci. UADY Merida. BSAS, pp193 

Silanikove, N., A. Perevolotsky and F.D. Provenza. 2001. Use of tannin- binding chemicals to 

assay for tannins and their negative post ingestive effects in ruminants. J. Anim. Feed. Sci 

.Technol. 91:69-81. 

Silanikove, N., G. Leitnerb, U. Merinc and C.G. Prosserd .2005.Recent advances in exploiting 

goat’s milk: Quality, safety and production aspects. J. Small. Rum. 89: 110-124. 

Silanikove, N., N. Gilboa and Z. Ntsan.1997. Interactions among tannins, supplementation and 

polyethylene glycol in goats given oak leaves: Effects on digestion and food intake. J. 

Anim. Sci. 64:479-484. 

Silanikove, N., N. Gilboa, A. Perevolotosky and Z. Nitsan. 1996. Goats fed tannin-containing 

leaves do not exhibit toxic syndromes. J. Small. Rum. Res. 21: 195-201. 

Singh, A. S., V. K. Jain, P.  Singh, and N. N. Pathak. 2000. Effect of feeding wheat bran and boiled 

rice bran on feed intake and nutrient utilization in crossbred cows. Int. J. Anim. sci. 70 

(12): 1258-1260. 

Singh, B. A., Sahoo, R. Sharma and T.K. Bhat.2005.Effect of polyethylene glycol on gas 

production parameters and nitrogen disappearance of some tree forages. J. Anim. Feed. Sci 

.Technol. 123–124:351–364. 



151 
 

Singh, S. and S. S., Kundu. 2010. Intake, nutrient digestibility, rumen fermentation and water 

kinetics of sheep fed Dichanthium annulatum grass hay-tree leaves diets. J. Livest. Res. 

Rur. Dev. 22 (8): 150. 

Sirami, C., and A. Monadjem. 2012. Changes in bird communities in Swaziland savannas between 

1998 and 2008 owing to shrub encroachment. Diversity and Distributions, 18(4), 390–400. 

doi:10.1111/j.1472-4642.2011.00810.Accessed: 05 July 2018. 

Skarpe, C. 1990. Shrub layer dynamics under different herbivore densities in an arid savanna, 

Botswana. J. Appl Eco. 27, 873–885. Accessed: 05 July 2018.  

Skarpe, C. 1991.Impact of grazing in savanna ecosystems. Ambio. 20(8): 351-356.  

Skarpe, C. and B.R. Orgstron .1986. Nutrient content and digestibility of forage plants in relation 

to plant phenology and rainfall in the Kalahari, Botswana. J. Arid. Env. 11:147-164. 

Smit, G.N, 2004. An approach to tree thinning to structure southern African savannas for long-

term restoration from bush encroachment. J. Env. Manage. 71:179-191. 

Smit, G.N, 2013. Is there a long-term solution to the bush thickening problem in southern Africa 

- a practical assessment? South Afric .J. Bot. 86:143. 

Smit, G.N, 2014. BECVOL 3: an expansion of the aboveground biomass quantification model for 

trees and shrubs to include the wood component. Afric .J. Range. Forage. Sci. 31(2).  

Smith, T., E. Owen, I. Mueller-Harvey, J.L.N. Sikosana, and V. Mlambo. 2005a. Increasing the 

productivity of smallholder owned goats through supplementation with tree fruits. 

University of York, 4-6 April 2005, Proceedings Brit. Soc. Anim. Sci. pp 33. 



152 
 

Smith, T., Mlambo, V., Sikosana, J. L. N., Maphosa, V., Mueller-Harvey, I. and Owen, E.  

2005b. Dichrostachys cinerea and Acacia nilotica fruits as dry season feed supplements 

for goats in a semi-arid environment. J. Anim. Feed. Sci .Technol. 122:149-157. 

Smitha B.G., M. Rao, R. Jayanthi, H. Yogeetha, Ramakrishnaiah and J. Nataraj. 2013. Free radical 

scavenging activity and reducing power of Gnidia glauca (Fresen) .J. Appl. Pharma. Sci. 

3 (06):203-207.  

Soetan, K.O. and O.E. Oyewole. 2009.  The need for adequate processing to reduce the anti-

nutritional factors in animal feeds: A review. Afric. J. food. Sci.3 (9): 223-232.  

Solaiman, S. G.2007. Feeding value of seed-harvested cowpea vines for goats: Notes 

on goats (Technical Paper No. 06-11). Washington, DC: Tuskegee University. 

Solaiman, S. G.2007. Feeding value of seed-harvested cowpea vines for goats: Notes 

on goats (Technical Paper No. 06-11). Washington, DC: Tuskegee University. 

Solomon Tefera, V. Mlambo, B.J. Dlamini, A.M. Dlamini, K.D.N. Koralagama, F.L.2007. 

Chemical composition and in vitro ruminal fermentation of common tree forages in the 

semi-arid rangelands of Swaziland. J. Anim. Feed. Sci .Technol. 142 (2008) 99–110.  

Stares, J. E. S., A. N. Said and J. A. Kategile. 1992. African Feeds Research Network. ILCA 

(International Livestock Centre for Africa), Addis Ababa. Ethiopia. pp 430. 

Steel, R. G. D. and J. H. Torrie. 1980. Principles and Procedures of Statistics. 2nd edition. New 

York: McGraw-Hill.  

Stehn, H. 2008. Rangeland management manual. Windhoek, Namibia: Joint Presidency 

Committee. 



153 
 

Struhsaker T., S. Kirstin and D.O. Cooney.1997. Charcoal Consumption by Zanzibar Red Colobus 

Monkeys: Its Function and Its Ecological and Demographic Consequences. Int .J. Prim. 

18(1):61-72. 

Stuth, J. W. and P. N. Kamau. 1990. Influence of woody plant cover on dietary selection by goats 

in an Acacia senegal savanna of East Africa. J. Small. Rum. 3 (3): 211-225. 

Sweet, R. J., and A. Burke, (2000). Namibia: Country pasture/forage resources profile. 

Retrieved from FAO website: http://www.fao.org/ag/AGPC/doc/couprof/. Accessed on: 23 

August 2018. 

Tanner, J.C., J.D. Reed and E. Owen.1990. The nutritive value of fruits (pods with seeds) from 

Acacia spp., compared with extracted noug (Guizotia Abyssinica) meals as supplements to 

maize stover for Ethiopian highland sheep. J. Anim. Prod .51:127-133. 

Thava, V. and H.H. James .2001. Phytic acid. Food Reviews International. 17: 419-431.  

Theodoridou, K., J. Aufrere and R. Baumont. 2010. Valeur alimentaire pour les ruminant’s des 

légumineuses contenant des tannins condensés en milieux tempérés. INRA Prod. Anim. 25 

(1): 29-44.  

Theodorou M.K., B.A. M.S., Williams Dhanoa, A.B. McAllan and J.L.France .1994. A simple gas 

production method using a pressure transducer to determine the fermentation kinetics of 

ruminant feeds. J. Anim. Feed. Sci .Technol. 48: 185-197. 

Thompson, D. J. 1978. Calcium, phosphorus and florine in animal nutrition. In: Conard, J. H. and 

McDowell, L.R. (Eds): proc.Latin America Symposium on Mineral Nutrition Research 

with Grazing Ruminants. University of Florida, Gainesville. Florida, 47. 

http://www.fao.org/ag/AGPC/doc/couprof/


154 
 

Tilley J.M.A and Terry R.A .1963. A two stage technique for the in vitro digestion of forage crops. 

J. Brit. Grassl. Soc. 18, 104-111. 

Topps J, H.1992.Potential, composition and use of legume shrubs and trees as fodder for livestock 

in the tropics (a review). J. Agric. Sci (Cambridge.), 188:1-8.  

Topps, J.H. 1993. “Assessment of Forage Legumes as Protein Rich Supplemented in Ruminant 

Production System in Zimbabwe.” Proceeding in the 2nd African Feed resource Network 

(AFRNET) Workshop Dec. 6‐ 10 Nairobi, Kenya pp: 69‐ 70. 

Tshabalala, T., J. L. N. Sikosana, and E. Chivandi. 2013. Nutrient intake, digestibility and nitrogen 

retention in indigenous goats fed on Acacia nilotica fruits treated for condensed tannin. 

South Afric. .J. Anim. Sci. 43(4), 457-463. 

Umaru, H. A., R. Adamu, D. Dahiru and M. S. Nadro. 2007. Levels of antinutritional factors in 

some wild edible fruits of Northern Nigeria. Afric. .J. Biotechnol.6 (16): 1935-

1938.Available at:www.academicjournals.org/AJB ISSN 1684–5315.Accessed:12 July 

2018.  

Upreti, C. R. and B. K. Shrestha. 2006. Nutrient Contents of Feeds and Fodder in Nepal, Feedstuff 

and Animal Production in Nepal. Animal Nutrition Division, NARC Kathmandu, Nepal. 

Available at: www.narc-nepal.org. Accessed. 02 October 2018. 

USDA. 2014. GRIN-Germplasm Resources information Network. National Geoplasm Resources 

Laboratory, Beltsville, Maryland. 

http://www.narc-nepal.org/


155 
 

USDA.2011. Oilseeds: World markets and trade, foreign agricultural service. Available at :( 

http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1290. 

Acccesed.04 March 2018. 

Van Soest P.J., J.B. Roberston and B.A. Lewis.1993. Methods for dietary fiber, neutral detergent 

fiber and non-starch polysaccharides in relation to animal nutrition. J. Dai. Sci. 74, 3583-

3597. 

Van Soest P.J.1994. Nutritional Ecology of the Ruminant. Cornell University Press. Ithaca, NY. 

Van Soest, P. J., J. B. Robertson and B. A. Lewis. 1993. Methods for dietary fiber, neutral detergent 

fiber, and nonstarch polysaccharides in relation to animal nutrition. J. Dai. Sci. 74:3583-

97.  

Van Soest, P.J., J.B. Robertson, and B.A. Lewis. 1991. Methods for dietary fiber, and nonstarch 

polysaccharides in relation to animal nutrition. J. Dai. Scie.3583-3597. 

Van, D. T. T., I. Ledin and N. T. Mui. 2002. Feed intake and behaviour of kids and lambs fed sugar 

cane as the sole roughage with or without concentrate. J. Anim. Feed. Sci .Technol. 100 

(1-2): 79-91. 

Vasta, V., A. Nuddab, A. Cannas, M. Lanza, and A. Priolo. 2008. Alternative feed resources and 

their effects on the quality of meat and milk from small ruminants. J. Anim. Feed. Sci 

.Technol. 147: 223-246.  

Venter, R. 2015. Drought and roughage: What now. Stock Farm, 5(6), 21. 

http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1290


156 
 

Waghorn, G. 2008. Beneficial and detrimental effects of dietary condensed tannins for sustainable 

sheep and goat production Progress and challenges. J. Anim. Feed. Sci .Technol. 147: 116–

139.  

Waghorn, G.C., 1990. Beneficial effects of low concentration of condensed tannins in forages fed 

to ruminants. Proc. Aust. Soc. Anim. Produc. 18: 412-415. 

Walker, B. H.1980. A review of browse and its role in livestock production in Southern Africa. In: 

Browse in Africa. (Ed. H. N.Le Houerou). The Current State of Knowledge. Addis Ababa, 

Ethiopia. ILCA. p. 355. 

Walker, B.H. and I. Noy-Meir. 1982. Aspects of the stability and resilience of savanna 

ecosystems. In B.J. Huntley and B.H. Walker, editors, Ecological Studies 42: Eco. Tropic 

sav. Springer Verlag. Berlin, Heidelberg, New York. 556-590. 

Walter H, 1971. The natural pastures of South West Africa as the basis of animal nutrition [Die 

natürliche Weide in Deutsch-Südwestafrika ALS Ernährungsgrundlage fur das Vieh]. 

KolTierarzt. Suppl. Dtsch. Tierarztl. Wschr. 49:394-396.  

Walter, H.L., L. Fanny, C. Charles and R. Christian. 2002. Minerals and phytic acid interaction: is 

it a real problem for human nutrition. J. Anim. Feed. Sci .Technol. 37:727-739.  

Wambui, C. C., S. Ando, S. A., Abdulrazak, I. M. Osuga, and T. Ichinohe. 2012. In vitro 

assessment of ruminal fermentation characteristics of tropical browse mixtures 

supplemented with yeast. J. grassl. Sci.58 (1): 53-57.  



157 
 

Wambui, C. C., T. Awano, S. Ando, S. A. Abdulrazak, T. and Ichinohe. 2010. Effect of yeast 

supplementation on in vitro ruminal degradability of selected browse species from Kenya. 

J. Food. Agric. Env. 8 (2): 553-557.  

Ward, D. 2005. Do we understand the causes of bush encroachment in African Savannah?  

Department of Conservation Ecology; University of Stellenbosch, South Africa 

Ward, D., B. T. Ngairorue, J. Kathena, R. Samuels, and Y. Ofran. 1998. Land degradation is not a 

necessary outcome of communal pastoralism in arid Namibia. J. Arid Env. 40:357-371.  

Ward, H.K., Richardson, F.D., Denney, R.P. & Dye, P.J.W., 1979. Matopos Research Station: a 

perspective. Rhode. Agric. J. 76: 5-18. 

Wiegand, K., D. Ward, and D. Saltz, 2006. Multi-scale patterns and bush encroachment in an arid 

savanna with a shallow soil layer. J. Vegetation Sci.16:311–320. doi:10.1111/j.1654- 

1103.2005.tb02369.x. Accessed: 05 July 2018. 

Woodward, A. and J.D. Reed, 1997. Nitrogen metabolism of sheep and goats consuming Acacia 

brevispica and Sesbania sesban. J. Anim. Sci. 75: 1130-1139. 

Yayneshet, T. L. O. Eik and S. R., Moe. 2008. Feeding Acacia etbaica and Dichrostachys cinerea 

fruits to smallholder goats in northern Ethiopia improves their performance during the dry 

season. J. Livest. Sci.119: 31-4. 

Zeeman, D.Z. 2005. Evaluation of sun-dried Opuntia ficus-indica var. Algerian cladodes in sheep 

diets. M.Sc. Agric. Thesis. University of the Free State, Bloemfontein, South Africa. 

Zeeman, D.Z. 2005. Evaluation of sun-dried Opuntia ficus-indica var. Algerian cladodes in sheep 

diets. M.Sc. Agric. Thesis. University of the Free State, Bloemfontein, South Africa. 



158 
 

Zimmermann I., M. Nghikembua, D. Shipingana, T, Aron, D. Groves and L. Marker.2017. The 

influence of two levels of debushing in Namibia’s Thornbush Savanna on overall soil 

fertility, measured through bioassays. Nam .J. Env. 1 A: 52-59. 

Zucker, W.V., 1985. Tannins: Does structure determine function? An ecological perspective. 

Amer Nat .J. 121: 335-365.  

 

 

 

 

 

 

 



159 
 

APPENDICES 

APPEDIX 1 

EXPERIMENT 1. Harvesting and collection of S.mellifera bush based feed resources (AP1A-

E). 

  AP1 (A) Harvesting               AP1 (B) Harvesting                                                  

  

AP1(C) Transporting harvested biomass for chipping and milling 
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AP1 (D) Chipped biomass  

  

AP1 (E) Dried chipped biomass ready for milling 
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AP 1 (F). Calibration curves of Standard Tannic acid used for the estimation of Total Phenols, 

Total Tannins and Condensed Tannins. 
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APPENDIXES 2 

EXPERIMENT 2: S.mellifera diet formulation. 

 

 AP2 (B)                     

AP2(C) 

 

 AP2 (D) 

Biochar production (AP2 (B)-AP2 (D)) 
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AP2 (E): Supplements mixed with milled S.mellifera biomass. 

 

 

AP2 (F): Drying of formulated diets  
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AP2 (G): Metabolic cages in which were kept during the feeding trial 

 

                            

 

AP2 (H): Weighing daily faeces excreted                                   AP2 (I). Measuring daily urine 

output 
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AP2 (J): Feeding trial recording sheet. An example of the control diet, offered to goat 1 and 2 in 

period 1. 

 

 

 

 

 

 

 

 

FEED TYPE DAYS  FEED OFFERED/day  FEED REFUSED FEED INTAKE QUNTINTY OF FAECES QUANTINY OF URINE(LITRES)

CONTOL GOAT 1 1 1560 585.56 974.44 295.32 4.5

GOAT 2 1 1240 430.25 809.75 294.58 4.5

GOAT 1 2 1560 574.52 985.48 298.49 4.9

GOAT 2 2 1240 410.02 829.98 294.87 4.1

GOAT 1 3 1560 575.44 984.56 285.05 4.9

GOAT 2 3 1240 490.38 749.62 293.41 4.5

GOAT 1 4 1560 520.38 1039.62 294.81 4.3

GOAT 2 4 1240 472.21 767.79 285.32 4.5

GOAT 1 5 1560 595.22 964.78 270.28 4.6

GOAT 2 5 1240 498.72 741.28 293.61 4.5

GOAT 1 6 1560 520.24 1039.76 250.25 4.4

GOAT 2 6 1240 435.22 804.78 295.39 4.3

GOAT 1 7 1560 530.45 1029.55 270.36 4.7

GOAT 2 7 1240 445.29 794.71 280.38 4.3

19600 7083.90 12516.10 4002.12 63PERIOD1


