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1.1.   Background  

Goats play a crucial role in improving livelihoods and food security in Africa. Despite 

the importance of goat production for the supply of meat and milk in developing 

countries (Mataveia and Garrine, 2019). Goat production is widespread in the tropics 

is susceptible to gastrointestinal nematode infections (Mataveia and Garrine, 2019). 

The use of medicinal herbs containing plant secondary metabolites with bioactive 

properties is an alternative strategy to control nematode populations. Medicinal herbs 

can affect a population of parasites at various stages of their life cycle (Waller and 

Thamsborg, 2004).   

1.2. Problem statement 

The cost of feeding goat enterprise to produce meat or milk is expensive. Goats grown 

for meat consistently need high-quality feed and a perfect merger of various nutrients 

to widen their chance of success (Schoenian, 2003). Goats are fed mostly on grass 

and browsers, which are naturally low in nutrients and contain lower digestibility during 

the wet season consequently leading to overgrazing, where there is excessive removal 

of vegetation, reducing the availability of nutrient-rich plants (Makkar, 2003). As a 

result, the animals are more susceptible to parasites (Mabbott, 2018). For instance, 

Haemonchus contortus infection in goats has been linked to anaemia, 

hypoproteinemia, and parasite gastroenteritis (Pathak, 2011), all of which lower the 

goats' ability for production. 

According to Egbu and Ubachukwu, (2013) parasitic infections in goats also have a 

negative impact on serum enzyme levels and haematological parameters, which 

lowers goat productivity in many ways, including stunted growth, poor skin traits, 

significant mortality, starved animals, and decreased milk and meat output. 

Additionally, parasitic illnesses such as cryptosporidiosis and strongyloidiasis result in 

significant economic loss (Echevaria et al., 2007). 

Berchemia discolor leaf meal can satisfy the nutritional needs of goats. The effect of 

Berchemia discolor (Muni tree) on gastrointestinal nematode infestation is unknown. 

Therefore, the purpose of this study is to ascertain how Berchemia discolor (Muni tree) 

affects gastrointestinal nematode infections and haematological properties. 
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1.3. Motivation 

In Africa, goats enhance people's livelihoods and food security. They are valuable 

because they provide meat, skins, and fibre and can be milked for household use. 

Goats are utilized for ceremonial, religious, and festive purposes in addition to 

socioeconomic ones (Peacock, 2015). They are therefore commonly referred to as the 

"village bank." In Southern Africa, most goats are grown in communal areas using 

small-scale convectional elongation systems. They are kept in smallholder and 

community systems (Lamy et al., 2011). They depend on natural veld and do not 

receive any additional feed (Kemboi et al., 2017) and these natural veldts are 

characterised by serious feed shortages due to the dry season and periods of drought. 

One of the possible alternatives for feed shortage for goats is the utilization of drought-

tolerant traditional tree forages like Berchemia discolor that grow through the tropics. 

Berchemia discolor is drought resistant and can be used as a browse for feeding goats 

because it has high nutritive value such as carbohydrates, crude protein, and crude 

lipid (Kemboi et al., 2017).  

Several researchers have studied the effect of indigenous trees on gastrointestinal 

nematode infections (GIN) and haematological properties of goats. There have been 

several reports documenting reduced infection levels in sheep and goats grazing 

condensed tannin (CT) - containing forages, including sulla (Hedysarum coronarium 

L.), birdsfoot trefoil (Lotus corniculatus L.), big trefoil (Lotus uliginosis Schkuhr.), and 

sericea lespedeza [SL; Lespedeza cuneata (Dum-Cours.) G. Don.] (Niezen et al., 

2002; Min and Hart, 2003; Min et al., 2004; Shaik et al., 2006; Terrill et al., 2009).     

However, they have neglected the use of Berchemia discolor in goat production. Such 

information will help farmers and researchers assimilate the significance of using 

Berchemia discolor for ruminant nutrition and goat health. Therefore, the objective of 

this study is to determine the effect of Berchemia discolor leaf (Muni tree) on 

gastrointestinal nematode infections and haematological properties of non-descript 

goats.  

1.4.  Aim 

To investigate the effect of Berchemia discolor (Muni tree) leaf meal on gastrointestinal 

nematode infestation and haematological properties of non-descript goats. 
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1.5. Objective 

The objective of the study was: 

I. To determine the effect of Berchemia discolor leaf meal (Muni tree) on 

gastrointestinal nematode infections of non-descript goats. 

II. To determine the effect of Berchemia discolor leaf meal (Muni tree) l on 

haematological properties of non-descript goats. 

1.6. Hypotheses 

The null hypothesis of the study was: 

I. The Berchemia discolor leaf meal (Muni tree) has no effect on 

gastrointestinal nematode infections of non-descript goats. 

II. The Berchemia discolor leaf meal (Muni tree) has no effect on 

haematological properties of non-descript goats. 
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2.1. Introduction    

Goat production contributes significantly to improving the livelihoods of resource-

limited farmers under communal production systems, as they provide milk, meat, skin, 

hides and generate income (Idamokoro et al., 2016). Despite the contributions of 

indigenous goat farming to resource-limited farmers, their productivity is retarded by 

the high prevalence of gastrointestinal nematodes (GIN) and diseases, poor quality 

and quantity of forage (Mpofu et al., 2020). Therefore, to improve indigenous goat 

productivity, it is essential to determine loads and control methods of gastrointestinal 

nematode in goats foraging in Savanna biome as goats are more browsers. 

The fecundity of goats maintained in resource-poor environments are usually low due 

to seasonal variations in the supply and quality of animal feeds. This can be defeated 

by using locally available natural resources such as the different local browse species 

(Aregawi et al., 2008). Berchemia discolor (B. discolor) is one of the potential tree 

forages can be used as a supplement goat as goat consume it. It has been reported 

that B. discolor is widely rich in protein and minerals and can be used during the dry 

season to supplement poor-quality natural pasture or fibrous crop surplus to enhance 

animal performance (Devendra et al., 1990). 

Shrubs are acquiring immense attention as potential livestock feeds in arid regions 

and several studies have shown that the different local browse species are rich in 

nutrients and improve the performance of animals, particularly that of small ruminants 

(Melaku et al., 2004). Fodder from browses is often available throughout the year, 

especially in the dry periods when pastures and crops remaining are depleted 

(Aregawi et al., 2008). It is possible and most appropriate to supplement grazing with 

local shrubs such as Grewia hostii, Balanites aegyptiaca, Acacia brevispica, 

Berchemia discolor and Maerua angolensis to make up for the deficiency of some 

nutritional components and to improve performance.  Therefore, the objective of this 

review is to highlight the use of B. discolor leaf meal (Muni tree) as goat feed and its 

effect on gastrointestinal nematode infections (GIN) and haematological properties of 

South African non-descript goats. 

2.2. Importance of shrubs 

Shrubs, herbs, and tree forage play a significant role in providing fodder for ruminants 

worldwide. Trees and shrub forage are of importance in animal production because 



7 
 

they do not compete with human for food. Supplementation with browse to low-quality 

roughage diets has been shown to increase dry matter (DM) intake and improve 

animal performance (Hassan et al., 2003). The browse is well fermented in the rumen 

and improves the rumen environment in the ruminants, especially the goats. The 

fodder is generally rich in protein and minerals and can be used in the dry season to 

subsidize poor-quality natural pasture or fibrous crop residue. The existence of tannins 

and other phenolic compounds in many shrubs and tree leaves hampers their 

utilization as animal feeds.  

Browse species are acquiring rising attention as potential livestock fodder are more 

importantly in arid regions. Several studies have shown that the various shrubs are 

rich in nutrient and improve the performance of animals, particularly that of small 

ruminants (Melaku et al., 2004). Shrubs are adapted to grow in arid and semi-arid 

areas and usually stays green throughout the year. Trees and shrubs are increasingly 

sighted as important components of animal feeding, especially as suppliers of protein 

and their contribution is acceptable in difficult environmental conditions, where the 

available grazing is not sufficient to meet the maintenance requirements of the animal. 

They are easily utilised by browsers and consist of high levels of digestibility, minerals 

and crude protein that improve animal performance especially during the dry period of 

the year.  

2.3. Description of Berchemia discolor 

Berchemia discolor is a widespread tree (Figure 2.1) or shrub species found in eastern 

and southern Africa, from Sudan to South Africa (Janick and Paull, 2008). It is an 

indigenous African fruit tree species (Figure 2.2) with potential in terms of 

commercialisation and domestication which has a date-like taste, and the seeds taste 

like walnuts. B. discolor grows in dry open woodland, semi-arid bushland and along 

riverbanks from sea level to 1900 m. However, harvesting its fruits for human use 

overlap with livestock as it is also preferred especially by camels and goats. This shrub 

or tree is 3–20 m tall with a dense, round crown. The trunk has a rough, dark grey bark 

that flakes longitudinally. The alternate, simple, opposite to sub-opposite leaves are 

elliptic to ovate, 2–9 x 2–5 cm and are entire, shiny above and dull below. The small, 

greenish yellow, solitary flowers are 4–5 mm in diameter. The fruit is shaped like a 

date, up to 20 x 8 mm in size, and with 1–2 flat seeds enclosed in sweet, edible flesh. 
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The skin turns yellow during ripening (Janick and Paull, 2008). The species is drought 

tolerant and can survive in areas receiving rainfall in 4 out of 5 years. The tree is not 

resistant to frost or cold wind. It prefers areas with a mean annual temperature from 

17°C to 28°C and a mean annual rainfall from 250 to 1270 mm. It grows well on a 

variety of soil types, though it does best on well-drained soils. Flowering normally 

occurs at the onset of the rains. The fruits take 4–5 months from anthesis to maturity, 

ripening towards the end of the rainy season. In South Africa, flowering occurs from 

October to January and fruiting from January to July (Janick and Paull, 2008). 

                               

  Figure 2.1: Berchemia discolor tree.  

 

 

Figure 2.2:  Berchemia discolor fruits. 

2.4. Importance of Berchemia discolor 

Berchemia discolor species play a role in the socio-economic well-being of small-scale 

farmers and rural communities (Lusepani, 1999). The Berchemia discolor dry pulp 

(Figure 2.3) is rich in carbohydrates, calcium, sodium, iron, magnesium, and 

potassium (Debela and Njoka, 2012). Trade for the fruit is important for generating 

income, which is used to acquire other goods and services by the rural people. 
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Humans find the sweet, date like taste of the fruit quite pleasant. The sugar content of 

the pulp is as high as 30%, and seeds taste like walnuts. The vitamin C content of the 

fruit is 65 mg/100 g (Debela and Njoka, 2012). A beverage like tea is made from the 

leaves. The wood is excellent for making furniture such as tables, chairs and benches 

and is also used in making poles, pestles, and hair combs. The heartwood produces 

a resin (Asfaw and Nyangito, 2012). Black dye, popular with basket makers, is 

produced from powdered heartwood and roots. A strong alcoholic drink is distilled from 

the fruit. The roots have various medicinal uses and products such as whitewash 

produced from the ash is used for painting houses. The spreading branches and 

heavy, rounded crown make B. discolor an effective shade tree, it can also act as a 

windbreak (Njoka, 2012).   

 

  

Figure 2.3:  Dry pulp. 

2.5. Health management of goats 

One of the main health issues in goats is (gastrointestinal nematode infections) GIN 

which negatively affect goat production, economic effectiveness and can lead to high 

mortality in goats when the infection is not treated on time (Saurez et al., 2013). 

Mdladla et al. (2017) reported that in most communal areas of the developing 

countries, parasitic infections play a significant role. A proper diet for animals is 

required throughout growth and reproduction stages to minimises the prevalence of 

GIN. The most productive and parasite-resistant animals should be selected and kept 

in the herd, and cull those that require constant deworming or that permanently 

present high parasitic loads.  (Burke and Miller, 2006) reported that goat breeds such 

as St.  Croix and Katahdin were found to have a higher tolerance to parasitism and, 
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despite their parasite load, grow and reproduce properly. Culling older animals which 

suffer from teeth problems that can affect their intake and compromise their immunity 

should be considered, as they result in making them more susceptible to nematodes.  

2.6. The effect of Berchemia discolor on prevalence of gastrointestinal 

nematode infections. 

Berchemia discolor is a medium to large, deciduous, or evergreen tree and is 

considered an important source of feed for livestock (Scholtz and Bester, 2010). 

Grazing lands in most communal areas are characterized by being poorly managed, 

which contributes greatly on the prevalence and loads of GIN infection. An increase in 

the spread of parasitic diseases and worm burden in goats can be associated with 

grassland vegetation types since goats can re-infect on contaminated pastures. The 

lower infestation rate in the forestland vegetation could be that goats had access to 

various trees and shrubs such as Berchemia discolor which can reduce worm burden 

in livestock (Doe and Smith, 2020). Infections may be lower in goats foraging in the 

forestland vegetation type due to their browsing behaviour, which minimizes chances 

of ingesting the larvae which is found on plants closer to the group (Doe and Smith, 

2020). 

Lower infestation in the forestland vegetation types can also be explained by the 

presence of tannin-rich plants found in forestlands that can reduce worm burden and 

improve goat performance (Scholtz and Bester, 2010). Berchemia discolor has been 

found to be rich in tannins which assist in the use medicines for various ailments such 

as can reduce worm burden in livestock (Abbiw, 1990). Spread of parasitic diseases 

in extensive farming is aggravated by uncontrolled and free grazing systems practiced 

in many developing countries (Sanhokwe et al., 2016). Goats kept under poorly 

managed vegetation are characterized by poor performance, high GIN infection and 

mortality, and lower reproductive rate (Risso et al., 2015). 

Seó et al. (2015) reported that goats fed in areas suppressed of various trees and 

shrubs carry less GIN relative to those grazing in the grassland vegetation types. 

Effective control of GIN in goats entails an integrated control strategy that should be 

based on vegetation type on each environment. 
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2.7. Prevalence of gastrointestinal nematode infection 

Gastrointestinal nematode infection (GIN) is a prime limiting factor of goat farming 

globally, more precisely in tropical and sub-tropical regions (Mpofu et al., 2020). Poor 

livestock management, quality and quantity of forage intensify the GIN challenge in 

goats of resource-limited farmers. Moreover, goat kids are more susceptible to GIN 

than older goats due to immunity that is low and there is a tendency to decrease of 

worm burdens with the increase in goat age (Zvinorova et al., 2016). 

Amran et al. (2018) indicated that, however higher prevalence of GIN in older goats 

than younger goats. Infection with GIN is closely related to great economic losses in 

goat farming through lowered productivity and the cost of treatment and mortality 

(Jiménez-Colmenero et al., 2001; Marume et al., 2012). The most common GIN 

infecting goats include Haemonchus contortus, Teladorsagia circumcincta, 

Trichostrongylus spp., nematodirus spp., Strongyloides papilosus, 

Oesophagostomum spp., Trichuris spp., Cooperia spp., and Dictyocaulus filarial 

(Mpofu et al., 2020). Trichuris spp. (whipworms) and Strongyloides (often referred to 

as threadworms, while hookworms belong to the Ancylostomatidae family) are 

extensively studied in goats and other livestock due to their significant impact on 

animal health and agricultural productivity. Infections by these gastrointestinal 

parasites can lead to malnutrition, reduced growth rates, decreased fertility, and even 

mortality in severe cases, thereby causing substantial economic losses in the livestock 

industry (Mpofu et al., 2020). 

Haemonchus spp. has a direct life cycle. It is granted reclining through grazing on 

natural pasturelands by third stage (L3) larvae. It has a two-phase life cycle, a free-

living and a parasitic within the abomasum of the host (Zvinorava et al., 2016). The 

eggs reach the ground through the faeces of the parasitised ruminants, thus vitiating 

herbage. Then, the eggs evolve into first stage larvae (L1), continuing to second stage 

larvae (L2) (Mpofu et al., 2020). The third stage larvae (L3), which is the infective form 

of this parasite, is the next evolutionary stage. After L3 larvae are taken up by a 

ruminant, they migrate to the predilection site, i.e., the abomasum, where they become 

adult nematode parasites, compelling their blood-sucking activity (Amran et al., 2018). 

H. contortus infection leads to anaemia, primarily due to the blood-sucking activity, 

and consequently, potentially unusual death of the infected animals.  
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The primary consequence of the infection is the momentous reduction in the 

production of infected animals, which includes a decrease in the growth of young 

animals, a decrease in milk production of lactating animals and in fibre production. In 

the end, all these result in relentless economic losses for farmers (Marume et al., 

2012). 

2.8. Effect of feeding system on prevalence of gastrointestinal nematodes   

There are various feeding systems which farmers use for managing livestock such as 

tethered grazing (staking the animals), herding and free-range based on different 

seasons. These feeding systems provide animals with sufficient outdoor access as 

required by the organic livestock standards (IFOAM, 2000). Although tethering and 

free-range systems provide outdoor access, a requirement in the organic standards 

and desirable practices in organic animal husbandry, it increases the risk of animals 

encountering a broad range of environmental pathogens which might comprise animal 

health (Kijlstra and Eijck, 2006).   

Goat tethering means that the goat is tied to a line that runs along another line called 

run line, the run line is either staked along the ground or strung on posts over the 

goat’s head. Nsereko et al. (2015) reported that goat tethering is associated with low 

growth performance and higher loads of GIN infestation as goats graze more 

nematode larvae from infested pasture compared to those goats that are browsing. 

Tethered goats have higher faecal egg counts (FEC) compared to those free grazing 

goats reported by Nsereko et al. (2015). Goats that are allowed to roam freely can 

graze on a variety of plants, some of which are rich in crude protein and condensed 

tannins, which improve the goats' nutrition and immunity to disease. Benefits of protein 

supplementation is one of the ways to control parasites Marume et al. (2012) reported. 

According to research by Kumar et al. (2013) goats given low-protein fodder is also 

more vulnerable to infection because they release fewer immunoglobin IgA. Thus, veld 

management is crucial for the efficient control of gastrointestinal nematode infection. 

To reduce pasture contamination and increase vegetation type productivity, rotational 

grazing and resting are used as GIN control measures. These strategies minimise the 

host-parasite contact. Uncontrolled grazing system means that animals will eat down 

the most nutritious grasses till there is nothing left. Not only will their nutritional value 

decrease but they will be less able to handle harsh conditions like low rains while 
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rotational grazing system when goats graze in one camp, the other camp is rested 

with a specific goal for pastures to regrow (Hawkins, 2017). 

2.9. Factors influencing gastrointestinal nematode infection in goats.  

2.9.1. Climate  

Gastrointestinal nematodes and other diseases are fundamentally altered by 

temperature, rainfall, and humidity (Menkir et al., 2006). These climatic variables 

persuade the parasite reproduction, development, survival, and population dynamics 

in divergent stages of their life cycle. Temperature is one of the most important climatic 

variables that influence the survival and expansion of larvae (Pfukenyi and 

Mukaratirwa, 2013). Once the eggs pass out of the host, they hatch into first-stage 

larvae (L1) and moult into second-stage larvae (L2), and they obligate appropriate 

conditions of temperature and humidity. For eggs to undergo these development 

processes, they require warm temperatures greater than 25 ºC and moist conditions 

(Kim et al., 2012). The endemic L3 larva can survive for months on pasture depending 

on the environmental conditions. Moisture and relative humidity maintain reckoning 

pressure until they are ready for the next stage in their life cycle. However, parasite 

activities are arrested in temperatures below 10 ºC. During the rainy season, rainfall 

and temperature expedite the rate of development of GIN (Menkir et al., 2006). 

Pfukenyi and Mukaratirwa, (2013) revealed that GIN and parasitic diseases reach their 

peak prevalence in warm and rainy seasons and become less abundant during dry 

seasons. Gastrointestinal parasites are more prevailing during the hot-wet season 

than cool-dry season (Zvinorova et al., 2016; Mpofu et al., 2020). 

2.9.2. Impact of gastrointestinal nematode infection in goat production  

Gastrointestinal nematode infections are the main prevalent parasitic diseases 

affecting goats. The most prevalent nematode species that affect goats are 

Haemonchus contortus, trichostrongylus colubriformis and Teladorsagia circumcincta 

(Bishop and Morris, 2007; Zvinorova et al., 2016). Infection with GIN is companioned 

with great economic losses and a huge impact on livestock productivity through stirring 

body weight loss of between 6 and 12 kg per animal per year (Hassan et al., 2019), 

fertility, meat quality, and milk production and lead to mortality (Zvinorova et al., 2016). 



14 
 

Mortality rates cognate by GIN may exceed 40 % in goat flocks (Hassan et al., 2019). 

Goats highly infested with GIN are characterized by having weakness, diarrhoea, 

signs of hypo-proteinaemia, submandibular oedema (bottle jaw), loss of appetite, and 

weight. These parasites margin to anaemia since they can discard erythrocytes as 

well as protein (Zvinorova et al., 2016; Mpofu et al., 2020). Conventional drugs to 

restrict parasites are expensive for many resource-limited farmers. 

2.9.3. The effect Berchemia discolor leaf meal on haematological properties of 

non-descripts goats. 

Blood is an important medium in assessing the health status of animals. The 

physiological and the pathological conditions of animals can be assessed by 

haematological and biochemical analyses of the blood (Khan et al., 2012). Berchemia 

discolor is used as a dye, fodder, ornamental tree, and herbal medicine to treat several 

human and animal diseases and ailments (Balemie and Kebebew, 2006). Berchemia 

discolor can be used as a traditional medicine to treat blood-related diseases e.g., 

bleeding gums. 

Oyawoye and Ogunkunle, (2004) reported that, red blood cells, white blood cells, or 

leucocytes, mean corpuscular volume, mean corpuscular haemoglobin, and mean 

corpuscular haemoglobin concentration are examples of haematological components 

that are useful in monitoring feed toxicity, particularly when feed ingredients have an 

impact on farm animals' blood and general health. 

Plant tannins have an impact on gas production rates by reducing the microbial 

adhesion to feed particles (Miller et al., 2007). Fibrobacter succinogenes detaches 

from condensed tannins significantly. According to Terrill et al. (1994), since 

hydrolysable tannins have been shown to harm organs including the liver, kidney, and 

spleen, it is unlikely that condensed tannins, which are not absorbed into the 

bloodstream will harm these tissues under normal physiological settings. However, 

condensed tannins may be absorbed into the bloodstream and produce organ damage 

comparable to hydrolysable tannins in cases of intestinal injury brought on by heavy 

tannin consumption or other intestinal membrane irritants (Terrill et al., 1994).    

According to Gramb et al. (2011), the amount and quality of diet have an impact on 

haematological components. Goat blood parameters can be affected by climatic 

conditions and low nutritional level of grass pasture (Turner et al., 2005). Red and 
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white blood cell characteristics are therefore employed as a starting point to achieve 

the initial steps in nutritional study. Anaemia, haemolysis, or leukaemia are symptoms 

of severe deficiency or toxic principles. Traditional blood biochemistry and trace 

element analysis are required for a more precise and trustworthy diagnosis (Singh et 

al., 2002). Due to limited green vegetation availability, especially in the dry season, 

efforts ought to concentrate on making use of the copious amounts of unconventional 

greenery that goats consume. Most of these materials are accessible year-round. 

2.10. Conclusion 

Berchemia discolor can be used during the dry season to supplement poor-quality 

natural pasture or fibrous crop surplus to enhance animal performance. Goat GIN 

prevalence and control are greatly influenced by the type of vegetation and 

management techniques used. The most sustainable method of increasing goat 

production in resource-constrained communities may involve upgrading livestock 

management systems and husbandry techniques, as well as taking vegetation type 

into account to prevent GIN infestations. Furthermore, the creation of an all-

encompassing and long-lasting plan for GIN control in goats housed in various 

vegetation types depends mostly on epidemiological understanding. Goat blood 

parameters can be affected by climatic conditions and low nutritional level of grass 

pasture. 
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CHAPTER THREE 

EFFECT OF BERCHEMIA DISCOLOR LEAF MEAL MUNI TREE ON 

GASTROINTESTINAL NEMATODE INFECTIONS OF NON-DESCRIPT GOAT 
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3.1. Introduction 

Parasites restrict goat production, which raises the mortality rate, causes skin irritation 

and blood sucking, and lowers fertility (Molefe et al., 2012). Main health problems in 

small ruminants are gastrointestinal parasites such as Haemonchus contortus and 

Fasciola hepatica (Vatta and Lindberg, 2006). Exogenous parasites like ticks, lice, and 

mites have been identified in goats. The high incidence of parasites in poor nations 

was caused by inadequate veterinary care and disproportionate housing (Mungube et 

al., 2006). Commercial medications are one way to manage parasites, but developing 

farmers rarely have access to them due to their high cost. According to Clark et al. 

(1996), a small number of these parasites have developed resistance to these 

medications, which, as noted by (Cawley et al., 1996) leads to environmental pollution. 

The use of medicinal plants is the alternative measure to treat and control livestock 

parasites which is adopted by farmers. Natural products are user friendly and 

congenial with organic system (Erasto et al., 2007). Berchemia discolor is a forage 

species which beneficial for health of the goats. The availability of tannin-rich plants in 

forestlands, which can lower worm burden and enhance goat performance, can also 

account for lower infestation in the forestland vegetation types (Scholtz and Bester, 

2010). It has been discovered that Berchemia discolor has a lot of tannins, which help 

with the use of medications for a variety of conditions, including lowering the worm 

burden in cattle (Tinkler, 2020). However, the information on the effect of Berchemia 

discolor leaf (Muni tree) on gastrointestinal nematode South African non-descripts 

goat is limited. Therefore, this study aims to investigate the effect of Berchemia 

discolor leaf meal on gastrointestinal nematode infestation of South African goats. 

3.2. Materials and Methods 

3.2.1. Study site 

The study was conducted at University of Limpopo's Animal farm in South Africa (1282 

altitude, 27.55°S latitude and 29.41°E longitudinal). The study area experiences 

summer temperatures between 20 and 36 °C and winter temperatures between 10 

and 25 °C. It averages lower than 400 mm of precipitation annually (Kutu and Asiwe, 

2010). 
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3.2.2. Ethical statement 

The study was approved for ethical consideration by the Animal Research and Ethics 

Committee of the University of Limpopo (AREC) with the AREC number: AREC/26/24: 

PG. 

3.2.3. Acquisition of materials and goats 

A total of 16 yearling intact males of South African non-descript goats were acquired 

from the University of Limpopo Animal Farm, South Africa. Berchemia discolor leaf 

material was manually harvested from Hamakuya village Thohoyandou (Latitude -

22.64°E and longitude 30.84°S). The leaves from the branches were then shaded-

dried and kept indoors for 16 days before being chopped. The samples were cut and 

kept in sealed bags until it was required for analysis and feeding. 

3.2.4. Preparation of experimental procedures, dietary treatments, and house 

3.2.4.1. Experimental house procedure 

The experimental individual metabolic cages (Figure 3.1) were carefully cleaned with 

water and sterile (ViruKill) and then left vacant for 7 days to allow for adequate drying 

and the death of disease-causing microorganisms. The metabolic cage was separated 

into three equal-sized floors, with fresh sawdust spread out to a 7cm depth. Feeders 

and drinkers were used during the experiment and were washed and sanitized. 

 

Figure 3.1:  Individual metabolic cage 
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3.2.4.2. Experimental goats and feeding management 

Yearling intact males of non-descript goats were housed in a 1.5 m×0.8 m in individual 

pen size dimension and acclimated to the trial food for 14 days. There was a total of 

16 pens. The feeding trial was for 37 days, with 7 days adaptation period. 600 g of 

supplements was given to goats two times a day (10:00 AM and 4:00 PM). Goats were 

fed individually and water troughs with a basic meal and unlimited access to water 

were provided. 

3.2.4.3. Experimental design and treatments  

A total of 16 goats were used and were assigned to four dietary treatments in the 

Complete Randomized Design (CRD). Each treatment was replicated eight times and 

each goat served as an experimental unit.  The dietary treatments were as follows: 

Control 0kg, 1.5kg, 2.0kg, and 3.0kg (BFLₒ, BFL₁.5, BFL₂.ₒ, and BFL₃.ₒ) as shown in 

Table 3.1.  

Table 3.1:  The dietary treatments of Berchemia discolor leaf meal 

 

Treatment code Treatment description 

 

BFLₒ Male yearling that are intact and unremarkable are fed an 

unlimited diet without Berchemia discolor leaf meal. 

BFL₁.5 Male yearling goats that are intact and unremarkable are fed 

an unlimited diet that contains 1.5 kg Berchemia discolor leaf 

meal. 

BFL₂.ₒ Male yearling goats that are unremarkable and intact are fed 

an unlimited diet that includes 2.0 kg Berchemia discolor leaf 

meal. 

BFL₃.ₒ Yearling intact male non-descript goats fed ad libitum diet 

containing 3.0 kg Berchemia discolor 

 

 

 



20 
 

3.2.5.  Management 

A total of 16 yearling intact male non-descript were acclimated to an experimental diet 

for 14 days in an individual pen with 1.5 m long × 0.8 m wide dimension to allow some 

levels of interaction between animals to avoid stress associated with the isolation. 

Random sampling was carried out from the yearling intact South African non-descripts 

during blood and faeces samples collection to avoid disturbing their normal routine. 

Goats were gently guided following animal handling procedures (Jadhao et al., 2020) 

to minimize stress and discomfort and to decrease the risk to animal health. Health 

assessment and monitoring of the goats was carried out by a veterinarian. Loud noise, 

sudden movements, or crowded conditions that could make the goat anxious were 

avoided. At the end of the study, goats were returned to the University farm.   

3.2.6. Faeces collection 

Faecal samples were collected at the end of the feed trial. They were freshly collected 

(uncontaminated by soil or bedding) directly from the rectum using a modified 

McMaster process, transported them on ice, and promptly analysed them for faecal 

egg count (FEC) and faecal oocyst counts (FOC) (Figure 3.2). The dietary BFLs were 

as follows: control 0kg, 1.5kg, 2.0kg, and 3.0kg (BFLₒ, BFL₁.5, BFL₂.ₒ, and BFL₃.ₒ). 

The control BFLₒ, was given no inclusion level of Berchemia discolor leaf meal. The 

collection container was labelled with the number of the animal and the date of 

collection. Faeces samples were refrigerated to avoid eggs from hatching within 12-

24 hours, since once hatched, they cannot be counted. Faeces samples were 

collected on the last day of experiment. Faecal egg count was used to measure how 

many parasites egg a goat is passing in each gram, while faecal oocyst counts 

measured the number of protozoan oocysts in each gram of faeces. 
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Figure 3.2: Picture showing how faecal samples were collected 

3.2.7. Statistical Analysis   

The data for faeces samples was analysed with a one-way Analysis of variance 

(ANOVA) using a statistical software programme Statistical Package for the Social 

Sciences (SPSS), version 29.0. The statistical significance differences between group 

means were compared by Duncan’s post hoc test. The data was conferred as the 

mean ± standard error of the mean (MSE). The results of statistical analysis were 

considered significant at P < 0.05.   

The following statistical model was used for analysing the data obtained:  

Yij = µ + Ti + eij  

Where: Yij =variable response in faeces samples 

µ=overall mean,   

Ti= fixed effect level of Berchemia discolor leaf meal 

 eij= random error.  

The following quadratic equation was used to estimate the optimal South African non-

descript goat in the analysis of data related to the effect of Berchemia discolor leaf 

meal on gastrointestinal nematodes infections.  

Optimal responses in non-descript goat nematode infections to the level of Berchemia 

discolor expansion was designed using the subsequent quadratic equation:  

Y=𝑎 + 𝑏1𝑋 + 𝑏2𝑋2+ e   



22 
 

Y= the response variable (faeces samples).  

a = intercept; b1 and b2 = application of the quadratic equation.  

x = constant Berchemia discolor supplementation.  

e = random error and –b1/2b2 is the x value for optimal response.  

The linear quadratic exemplary was used because it is the most used tool for 

quantitative predictions of dose dependencies. 

3.3. RESULTS 

Table 3.3.1 shows the impact of B. discoloration on gastrointestinal nematode 

infection. Supplementing non-descript goats with Berchemia discolor influenced 

Strongyloides (P<0.05). Despite significantly different (P<0.05), the greatest value for 

Strongyloides was found on goats in BFL₃.ₒ, followed by BFL₁.5. Strongyloides were 

not identified for goats in BFL₂.ₒ or BFLₒ.  

Berchemia discolor supplementation had an influence (P<0.05) on Trichuris sp. The 

highest value was observed on BFLₒ, followed by BFL₂.ₒ, followed by BFL₃.ₒ, and least 

value was observed on BFL₁.5 no difference between BFLₒ. and BFL₁.5, BFLₒ and 

BFL₃.ₒ, BFL₁.5 and BFL₂.ₒ, BFL₃.ₒ and BFL₂.ₒ. However, there was no significant 

difference between BFLₒ and BFL₂.ₒ, BFL₁.5 and BFL₃.ₒ. 

Berchemia discolor had an influence (P<0.05) on oocyst of the non-descript goats 

among the dietary BFLs. The highest oocyst value was observed on BFL₁.5, followed 

by BFLₒ, followed by BFL₃.ₒ and the smallest values were recorded on BFL₂.ₒ.    

Table 3.2: Faecal Samples Analysis for Nematode Egg Count and Oocyst 

Counts 

Treatment Strongyloides Trichuris sp. Oocyst p-value 

BFLₒ  0.00 ±0.0ᵌ 1210.0 ±11.55ᵇ 3427.5 ±3.75ᶜ < 0.05 

BFL₁.5  302.5 ± 2.88ᵇ 650.0 ±57.74ᵌ 10850.0±57.74ᵈ < 0.05 

BFL₂.ₒ  0.0 ±0.00ᵌ 1125.0 ±28.87ᵇ 594.0 ±51.96ᵌ < 0.05 

BFL₃.ₒ  305.0 ±5.77ᵇ 930.0 ±25.55ᵌ 2610.0 ±11.55ᵇ < 0.05 

BFL  = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

 Means with different superscripts within a column differ significantly at p < 0.05. 
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Positive relationship was observed between Berchemia discolor leaf meal and 

Strongyloides (rᵌ=0,337) of non-descript goats (Figure 3.3). However negative 

relationships were observed between Berchemia discolor leaf meal and Trichuris sp. 

(rᵌ=0,139) and oocyst (rᵌ=0,33) of non-descript goats (Figure 3.4 and Figure 3.5). 

Table 3.3: Relationship between Berchemia discolor leaf meal and FEC 

(Strongyloides and Trichuris sp.) and FOC (oocyst). 

Variable Formula rᵌ Probability 

Strongyloides Y=8,14X + 19,6 rᵌ= 0,037 0,042 

Trichuris sp. Y=-7,44x + 1099 rᵌ= 0,139 0,628 

Oocyst  Y= 63,80x + 

5489,65 

rᵌ= 0,33 0,818 

Y linear regression formula 

rᵌ correlation coefficient 

 

BFL  = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Y =linear regression formula 

rᵌ =correlation coefficient 

Figure 3.3:  The effect of Berchemia discolor on Strongyloides 

Y=8,14X + 19,6 

rᵌ= 0,037 
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BFL  = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Y = linear regression formula 

rᵌ = correlation coefficient 

 

Figure 3.4: The effect of Berchemia discolor on Trichuris sp. 

 

BFL  = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Y = linear regression formula 

rᵌ =correlation coefficient 

 

Figure 3.5: The effect of Berchemia discolor on oocyst 

Y=-7,44x + 1099 

rᵌ= 0,139 

Y= 63,80x + 5489,65 

rᵌ=0,33 
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3.4. Discussion 

One of the primary factors limiting ruminant output that impacts animal performance is 

infestation by internal parasites, gastrointestinal nematodes become more resilient 

and resistant when the amount of digestible protein increases (Holmes, 1993). 

Supplementation with B. discolor had a slight effect on FEC and worm burdens. This 

is in line with findings by Kabasa et al. (2000); Paolini et al. (2003a) and Min et al. 

(2004) who reported lower effects on parasite-infested sheep or goats that were 

offered tanniniferous fodder.  

In this study before goats were fed B. discolor had high FEC, to ascertain that, goats 

in BFLₒ were not given B. discolor, and all the BFLs that were given B. discolor had 

lower infestation compared to BFLₒ. According to Max et al. (2005), the provision 

quebracho tannins as a drench to sheep had caused a significant reduction in their 

worm burden, these findings are similar to this study’s findings, plant leaf meal had an 

effect on worm reduction. 

B. discolor influenced FEC and significantly reduced their worm burden. This 

contradicts the finding by Athanasiadou et al. (2001) who reported that there was no 

significant effect observed on Quebracho tannins against the FEC. This deviation 

might be because of the use of different leaf meals. In the current study we used B. 

discolor and Athanasiadou et al. (2001) used Quebracho tannins. 

The faecal egg count of goats supplemented with B. discolor was significantly low as 

compared to goats in control. This might be because B. discolor supplementation 

influenced faecal egg production, potentially reducing egg hatchability and larval 

development, which could have contributed to lower infestation levels, as goats that 

did not receive supplementation exhibited higher infestation. The These findings are 

consistent with previous research by Hegazi et al. (2018), which demonstrated the 

ovicidal action of M. oleifera leaf extracts, both alcoholic and aqueous, against 

Fasciola eggs in vitro. Results from this study differs from the finding by Ramirez et al. 

(2004) who reported that worm fecundity was negatively impacted by acacia 

supplements. This deviation might be because of the use of different leaf meals. In the 

current study, we used B. discolor and (Ramirez et al., 2004) used acacia 

supplements. 
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 In this study, B. discolor influenced the FOC. Coccidia was present in every goat used 

in this investigation. These findings are in agreement with the findings by Chikagwa et 

al. (2009) who reported that Mucuna pruriens (MUC) did not reduce FEC or FOC. In 

this study, Berchemia discolor leaf meal did not reduce oocyst values. These findings 

are in contrast with Min et al. (2003) who reported that although G. sepium leaves can 

lessen moderate to low worm infestation levels, they are not as successful at 

eliminating worms as chemical medications like albendazole. Leaves from G. sepium 

can be used to manage worm infestations in the sense that sheep that have a severe 

worm infestation need to be dewormed at the right time. The differentiation between 

these might be due to that different plant meals were used which are B. discolour and 

G. sepium.  

According to this study goats on BFLₒ were not fed B. discolor and other remaining 

BFLs were fed B. discolor and had high FOC compared to BFLₒ. This contradicts with 

Lin et al. (2003) reported that FOC in goats was reduced by feeding leucaena 

(Leucaena leucocephala). This deviation could be because two distinct plant meals 

were used, B. discolor and G. sepium. In this research study BFLₒ was the only BFL 

that was not fed B. discolour and as a result, had lower FOC values.  

3.5. Conclusion and Recommendations 

The study indicates that Berchemia discolor supplementation significantly influenced 

gastrointestinal nematode infections of non-descript goats. Strongly infections were 

notably affected, with the highest prevalence observed in goats supplemented with 

BFL₃.ₒ, followed by BFL₁.5, while no strongyloides infections were recorded in BFL₂.ₒ 

and BFLₒ groups. For Trichuris sp., supplementation with Berchemia discolor also 

showed a significant impact, with the highest infection rate in the BFLₒ group and the 

least in BFL₁.5. However, several pairwise comparisons among BFLs revealed no 

significant differences. Regarding oocysts, the highest values were recorded in goats 

fed BFL₁.5, while the lowest was found in the BFL₂.ₒ group, demonstrating a significant 

dietary influence (P<0.05). These findings highlight the differential effects of 

Berchemia discolor supplementation on gastrointestinal parasites, suggesting its 

potential utility in managing specific infections based on the supplementation level. 
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Recommendations 

Optimize the inclusion level of Berchemia discolor in goat diets to balance parasite 

control and overall health, focusing on levels like BFL₂.ₒ for the most beneficial 

outcomes. Further research should investigate the mechanisms behind the variation 

in parasite response across different supplementation levels. Long-term studies 

should evaluate the effects of Berchemia discolor on goat productivity, health, and 

economic viability in varying environmental conditions. Promote the use of Berchemia 

discolor as part of an integrated parasite management strategy for sustainable goat 

farming practices.                               
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CHAPTER FOUR 

EFFECT OF BERCHEMIA DISCOLOR LEAF MEAL MUNI TREE ON 

HAEMATOLOGICAL PROPERTIES OF SOUTH AFRICAN NON-DESCRIPT 
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4.1.  Introduction 

An assessment of an animal's blood profile may reveal some possibilities for a dietary 

intervention to address the animal's metabolic requirements (Church et al., 1984), 

dietary elements have quantifiable effects on blood constituents, and substantial 

variations in their values can be used to infer the nutritional value of the feeds given 

to the animals. Ikhimoya and Imasuen, (2007), reported that most of the data on the 

haematological characteristics of goats in the humid tropics is derived from disease 

prognosis. The separate and combined actions of blood's constituents, the 

biochemical and haematological components, enable the blood's many functions. 

Both the biochemical and haematological blood components are often affected by the 

amount and quality of feed as well as the amount of anti-nutritional elements or factors, 

such as toxicity, that are present in the feed (Akinmutimi, 2004). They can also be 

used to monitor the feeds' protein quality. Blood's haematological components are also 

useful for tracking feed toxicity, particularly when it comes to feed ingredients that 

influence blood formation (Oyawoye and Ogunkunle, 1998). Abu et al., (1988) noted 

that low levels of haemoglobin (Hb) in treatment diets may indicate that the dietary 

proteins were of low quality. Poor oxygen transfer from the respiratory organs to the 

peripheral tissues is typically the result of diets with low protein content (Roberts et al., 

2000). 

A high WBC count is typically linked to a microbial infection, a foreign body, or an 

antigen in the bloodstream. According to (Madubuike and Ekenyem, 2006), the 

haematological traits of animals indicate their physiological propensity to the plane of 

nutrition.   Berchemia discolor is widely used for animal feed because it is a cheaper 

source of protein and has the potential to be cultivated under diverse environmental 

and soil conditions (Ashour et al., 2020). Berchemia discolor is a drought resistance 

and it is the best promoting the synthesis of the microbial protein in the rumen and has 

high levels of naturally useful components such as minerals, vitamin (Ashour et al., 

2020). Deficiency of natural deterioration can be evaded by using Berchemia discolor 

restoration of concentrate feed in arid areas to meet animal’s requirements for growth 

and production (Abdelnour et al., 2019). Goats kept under arid conditions where they 

are fed Berchemia discolor at different levels positively impact growth performance, 

blood haematology, serum metabolites, and blood minerals. Therefore, determine the 
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effect of Berchemia discolor leaf meal (Muni tree) l on haematological properties of 

South African non-descript goats. 

 4.2.  Material and Method 

4.2.1.  Study site 

The study design is as described in Chapter 3, section 3.2.1.  

4.2.2. Ethical statement 

The study was approved for ethical consideration by the Animal Research and Ethics 

Committee of the University of Limpopo (AREC) with the AREC number: 

AREC/26/24:PG 

4.2.2.  Acquisition of materials and goats  

Acquisition of materials is as described in Chapter 3, section 3.2.2. 

4.2.3.  Preparation of experimental procedures, dietary treatments, and house 

Preparation of experimental procedures, dietary treatments, and house is as described 

in Chapter 3, section 3.2.3. 

4.2.4.  Management 

Management is as described in Chapter 3, section 3.2.4. 

4.2.5.  Blood collection 

Blood collection was done on the first and last day of the experiment from sixteen 

goats. Goat was restrained with the head elevated and jugular vein. Goat was set on 

its on its rump with its back against the handler’s legs (Hawk et al., 2005). Goat was 

held on the head about a 30° angle to the side to extend neck and expose jugular 

(Figure 4.1). Two handlers were needed, one to restrain and one to collect blood. With 

goat set between handler’s legs, tuck head under arm, and access jugular from above, 

a small area was clipped over the jugular groove and swiped with antiseptic gauze to 

remove superficial dirt and debris. Occlude jugular vein applied pressure at the base 

of the jugular groove and visualize raised vein. With bevel up, needle was inserted 

through skin (Figure 4.2) and into vein at 20° angle using vacutainer once needle 



31 
 

inserted, needle was stabilized and pushed the vacutainer tube into hub. Vein was hit 

to allow free flow into tube. Multiple tubes were filled by removing filled tube and 

replacing with fresh tube. If vein was missed, needle was carefully repositioned until 

vessel penetration. Vessel may be deep and roll away from needle. Typically, no more 

than two to three attempts were made at a time to minimize distress to the animal and 

potential damage to the vein. Once blood collection was completed, pressure was 

released to the vein and applied over injection site with gauze, needle was removed. 

Needles were disposed in a sharp container (Donovan and Brown, 1993). 

At ARC, the haematological characteristics of goats were analysed. A pair of scissors 

were used to shear the goats for better exposure and access to the jugular vein and 

to have a clean area to minimize the chance of introducing dirt or bacteria into the vein 

with a needle. Blood was drawn from jugular veins of the animals using vacutainer 

needle and draw blood directly into a 5mL blue top (3.8% Na citrate) vacutainer tube 

(MDS-USA, 2008). A vacutainer needle, 5-cm-long needle was introduced into the 

mid-way along the jugular vein against the flow of blood. A total volume of 15 mL/kg 

of blood (approximately 450 mL) was drawn (Hunt and Moore 1990) within 10 min into 

the sterile bags. During the blood collection, the goats head was tilted at a 30-degree 

angle to the side by holding the animal under its jaw to allow for easy access to the 

vein. The jugular groove on the left side of the neck was shaved and disinfected. 

Therefore, pressure was applied with a thumb on the neck to locate the vein. The 

samples were divided into two batches for biochemical and haematological analyses 

(Dacie and Lewis, 1991). Five millilitres of the blood sample was collected (Figure 4.3) 

from each sample in a labelled sterile universal bottle containing ethylene diamine 

tetra acetic acid (EDTA) and used for haematological analysis. Another 5 ml was 

collected over the anticoagulant free bottle and used for serum biochemical 

determination. Within an hour of compilation, the sterile test tubes containing EDTA 

as an anticoagulant was delivered to the laboratory for resolution of the haematological 

framework (Figure 4.4). Without the use of an anticoagulant, blood tubes were allowed 

to harden before being diverged at 3000 rpm for 10 minutes at 21°C and stored at 

20°C for chemical analysis.  

The haematological assessment was neutrophil (NE), lymphocytes (LY%), monocytes 

(mo%), eosinophil (EO%), basophilia (BA%). For serum, biochemical determination, 

an additional of 5 millilitres was collected over the anticoagulant free container for 
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serum biochemical determination. Using Bayer DCA 2000+ HbA1c analyser and the 

Beckman Coulter Ac-T10 laboratory Haematology Blood Analyzer suitable, 

appropriately serum biochemistry and haematological parameters were evaluated. 

Calculations were made for mean cell haemoglobin (MCH), mean cell volume (MCV), 

and mean cell haemoglobin consolidation (MCHC) (Hansen and Perry, 1994). 

 

                    

Figure 4.1: Goat held a 30° angle to the side to extend neck and expose jugular 

 

Figure 4.2: Needle was inserted through skin of the goat 
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Figure 4.3:  Five millilitres of the blood sample 

 

Figure 4.4: Resolution of the haematological framework. 

4.2.6. Statistical Analysis   

Blood samples were analysed with a one-way Analysis of variance (ANOVA) using a 

statistical software programme Statistical Package for the Social Sciences (SPSS), 

version 29.0. The statistical significance differences between group means were 

compared by Duncan’s post hoc test. The data was conferred as the mean ± standard 



34 
 

error of the mean (MSE). Results of statistical analysis was considered significant at 

P < 0.05.   

The following statistical model was used for analysing the data obtained:  

Yij = µ + Ti + eij  

Where: Yij =variable response in blood samples  

µ=overall mean,   

Ti= fixed effect level of Berchemia discolor leaf meal 

 eij= random error.  

The following quadratic equation was used to estimate the optimal South African non-

descript goat in the analysis of data related to the effect of Berchemia discolor leaf 

meal on haematological properties.  

Optimal responses in non-descript goat blood haematology to the level of Berchemia 

discolor expansion was designed using the subsequent quadratic equation:  

Y=𝑎 + 𝑏1𝑋 + 𝑏2𝑋2+ e   

Y= the response variable (blood samples).  

a = intercept; b1 and b2 = application of the quadratic equation.  

x = constant Berchemia discolour supplementation.  

e = random error and –b1/2b2 is the x value for optimal response.  

The linear quadratic exemplary was used because it is the most used tool for 

quantitative predictions of dose dependencies. 

4.3.  Results 

4.3.1: The effect of Berchemia discolor on haematological properties of South 

African non-descript goats 

Table 4.1 shows the effect of Berchemia discolor on the haematological properties of 

South African non-descript goats. Changes in different white blood cells were 

evaluated across four BFLs (BFLₒ, BFL₁.₅, BFL₂.ₒ, and BFL₃.ₒ). There were no 

significant differences among Neutrophil (NE) percentages on BFLs for both the first 

and last days (P = 0.289 and P = 0.705, respectively). Lymphocyte (LY) percentages 
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were also not significantly different between BFLs on either day (P = 0.077 and P = 

0.284). Monocyte (MO) percentages showed a significant difference on the first day 

(P = 0.046) but not on the last day (P = 0.310). Eosinophil (EO) and Basophil (BA) 

percentages exhibited no significant differences across BFLs at both time points. 

Furthermore, Berchemia discolor did not cause significant changes in the 

haematological parameters. 

Table 4.1: The effect of Berchemia discolor on haematological properties of South 

African non-descript goats  

  BFLₒ    BFL₁.5 BFL₂.ₒ BFL₃.ₒ P-value 

NE (%) 1st day 12,0±2,58ᵌ 11,0±2,16ᵌ 14,8±3,86ᵌ 13,8±2,50ᵌ 0,289 

 Last 

day 

15,0±2,45ᵌ 11,0±3,65ᵌ 12,5±2,08ᵌ 11,5±2,08ᵌ 0,705 

LY (%) 1st day 80,5±4,12ᵌ 82,8±4,27ᵌ 75,0±3,74ᵌ 76,8±4,27ᵌ 0,077 

 Last 

day 

79,5±3,40ᵌ 83,2±4,72ᵌ 79,8±1,50ᵌ 81,8±1,50ᵌ 0,284 

MO (%) 1st day 4,6 ± 0,96ᵌ 

 

4,6 ± 0,96ᵌ 

 

5,8±1,50ᵌ 5,5±1,91ᵌ 0,046 

 Last 

day 

5,0±0,82ᵇ 3,5±1,29ᵌ 

 

 

5,0±0,82ᵇ 3,5±0,58ᵌ 

   

0,310 

EO (%) 1st day 2,3±0.50ᵌ 2,0±0,82ᵌ 4,0±0,82ᵌ 2,8±0,96ᵌ 0,17 

 Last 

day 

2,3±0,50ᵌ 2,0±0,82ᵌ 4,0±0,82ᵌ 2,5±0,58ᵌ 0,529 

BA (%) 1st day 0,5±0,58ᵌ 0,5±0,58ᵌ 0,5±0,58ᵌ 1.0±0,82ᵌ 0,627 

 Last 

day 

0,8±0,50ᵌ 0,0±0,00ᵌ 0,3±0,50ᵌ 0,8±0,50ᵌ 0,073 

BFL          = Berchemia discolor feed level 
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%= percentage 

NE = Neutrophil; Ly= Lymphocytes; Mo= Monocyt, EO= Eosophil,  Ba Basophil, 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Means with different superscripts within row show significant difference at p < 0.05. 

 

4.3.1. The effect of Berchemia discolor on NE% (1st and last day) of goats 

Neutrophil Percentage (NE%): The analysis showed no statistically significant effect 

(Figure 4.5) on the NE% amongst the different BFLs for both first day and last day of 

blood collection. This indicates that the inclusion of Berchemia discolour in the diet did 

not significantly affect the neutrophil counts of the goats. The data shows that for BFLₒ, 

the NE% increased significantly from the first day to the last day. For BFL₁.₅, and 

BFL₃.ₒ, there is minimal change between the two days, suggesting relatively stable 

NE%. In contrast, BFL₂.ₒ starts with the highest NE% on the first day but decreases 

by the last day. This variation indicates differing trends across categories, possibly 

influenced by unique factors related to each BFL condition.  

 

Figure 4.5:  The effect of Berchemia discolor on NE% (1st and last day) of goats 

NE %          = NEUTROPHILS PERCENTAGE 

BFL          = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Means with different superscripts within treatment differ significantly at (p < 0.05). 
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Lymphocyte Percentage (LY%): The LY (%) did not show significance difference 

(Figure 4.6) among the four BFLs (p>0.05) both for the first day and last day, this 

implies that BFL₁.₅ exhibits the highest performance for both the 1st and Last day, with 

only a slight increase between them. Conversely, BFL₂.ₒ and BFL₃.ₒ show significant 

improvement from the 1st to the last day. BFLₒ demonstrates minimal change, 

indicating relative consistency over time. Overall, the graph highlights varying trends, 

with some BFLs showing stability while others experience noticeable growth.  

 

 

Figure 4.6:  The effect of Berchemia discolor on LY% (1st and last day) of goats 

LY %          = Lymphocytes Percentage 

BFL          = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Means with different superscripts within treatment differ significantly at (p < 0.05). 

 

4.3.3. The effect of Berchemia discolor on MO% (1st and last day) of goats 

Monocyte Percentage (MO%): MO (%) there was a significant difference (P<0.05) 

among the four BFLs on the last day of blood collection although on the first day, there 

was no significant difference among the 4 BFLs, with BFLₒ and BFL₃.ₒ having same 
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results and it is shown (Figure 4.9,4.10 &4.11). This indicates that the Berchemia 

discolor leaf meal had an influence on monocyte since on the first day goats were not 

on diet that was given to them during the trial. The lowest MO (%) was observed in 

BFL₃.ₒ compared to BFL₂.ₒ, BFL₁.₅, and BFLₒ. There was significant difference 

(P<0.05), between BFL₃.ₒ and BFLₒ, BFL₁.₅ and BFL₂.ₒ, BFL₂.ₒ and BFL₃.ₒ. The 

highest MO (%) was observed according to BFLₒ and BFL₂.ₒ with the same results 

followed by BFL₁.₅ and lowest values were observed in BFL₃.ₒ. It is evident that the 

highest monocyte percentages on both the first and last days were observed in BFL₂.ₒ, 

while BFL₁.₅ and BFL₃.ₒ exhibited lower values, with BFLₒ showing intermediate 

results. Notably, the monocyte percentages decreased slightly over time for most 

BFLs, indicating some level of change due to the dietary intervention.   

   

  

Figure 4.7: The effect of Berchemia discolor on MO% (1st and last day) of goats 

MO %  =  Monocytes Percentage 

BFL = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Means with different superscripts within treatment differ significantly at (p < 0.05). 

A positive relationship was observed between Berchemia discolor leaf meal and MO% 

on the 1st day of data collection (rᵌ=0,728) of non-descript goats (Figure 4.7). However 
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negative relationships were observed between Berchemia discolor leaf meal and 

MO% on the last day of data collection (rᵌ= 0,333) of the non-descript goats (Figure 

4.3.3.3). 

Table 4.2: Relationship between Berchemia discolor leaf meal and MO% (for the 1st 

and last day of data collection) 

Variable Day of data 

collection 

Formula rᵌ Probability 

MO 1st day Y=8,14X + 19,6 rᵌ= 0,728 0,272 

 Last day Y=-7,44x + 1099 rᵌ= 0,333 0,423 

MO =Monocyte 

Y =linear regression coefficient 

rᵌ =correlation coefficient 

 

 

BFL  = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Y = linear regression formula 

rᵌ = correlation coefficient 

 

Figure 4.8:  The effect of Berchemia discolor on MO% for the 1st day 

Y=-0,036x+4,54                                      

rᵌ=0,728 
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BFL  = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Y = linear regression formula 

rᵌ = correlation coefficient 

 

Figure 4.9: The effect of Berchemia discolor on MO% for last day 

4.3.4. The effect of Berchemia discolor on EO% (1st and last day) of goats 

Eosinophil Percentage (EO%): There was no significant difference (p>0.05) on 

eosinophil levels amongst all BFLs, blood samples for EO (%) results were the same 

(Figure 4.10), implying that the dietary BFLs did not alter eosinophil counts, which are 

typically associated with parasitic infections or allergic reactions. For BFLₒ and BFL₁.₅, 

the EO% shows little variation between the first and last days. However, for BFL₂.ₒ, 

there is a marked increase in EO% compared to the other BFLs, with both days having 

similar, high values. Conversely, BFL₃.ₒ exhibits a slight decrease in EO% from the 

first to the last day. The data indicates variability in trends across the different BFLs, 

particularly the pronounced peak at BFL₂.ₒ.  

 

Y=-0,04x+4,9 

rᵌ=0,33 
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Figure 4.10: The effect of Berchemia discolor on EO% (1st and last day) of goats 

OE %          = EOSINOPHILPERCENTAGE 

BFL          = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

Means with different superscripts  in a treatment differ significantly at p < 0.05. 

4.3.5. The effect of Berchemia discolor on BA% (1st and last day) of goats 

Basophilia Percentage (BA%): Berchemia discolor had no significant difference 

(P>0.05) among the 4 BFLs both on first day and last day, this implies that Basophilia 

levels remained stable despite the dietary changes. In BFL₁.₅, BA% remained 

relatively stable, indicating minimal variation over time. For BFL₂.ₒ, BA% decreased 

slightly from the first to the last day, while in BFL₃.ₒ. BA% showed a high value on the 

first day but remained consistent by the last day (Figure 4.11).  
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Figure 4.11: The effect of Berchemia discolor on BA% (1st and last day)  

BA %          =  BASOPHILIA 

BFL          = Berchemia discolor feed level 

ₒ, ₁.₅, ₂.₀, ₃.₀: different levels of Berchemia discolor feed level 

. Means with different superscripts in treatment differ significantly at p < 0.05. 

4.4. Discussion  

Goats fed Berchemia discolor leaves and showed improved daily weight gain as 

leaves contains efficient protein utilization. In this present study there was significant 

differences among MO% BFLs which showed that Berchemia discolor had an effect 

MO%.  The notable difference in the WBC counts of goats fed treated diets may be 

partially explained by the diets increased nutritional utilization and digestibility. These 

findings agree with the findings by Makkar, (1993), (Odenyo et al., 1997), and 

Oyawoye and Ogunkunle, (2004).  Makkar, (1993), who observed that goats fed more 

leave meal of V. karroo had improved daily weight gain. Clinical indicators of disease 

or tannin poisoning, such as head pressing, generalized depression, teeth grinding, 

foaming at the mouth, and twitching and jerking, were not displayed by the 

experimental goats in the current investigation (Odenyo et al., 1997). According to 

Oyawoye and Ogunkunle, (2004), haematological components such as white blood 

0

0,2

0,4

0,6

0,8

1

1,2

BFL0 BFL1,5 BFL2,0 BFL3,0

BA%

 2 Last day

ᵃ 

ᵃ 

ᵃ 

ᵃ 

ᵃ 

ᵃ 

ᵃ 

ᵃ 



43 
 

cells, or leucocytes, are helpful in assessing feed toxicity, especially when feed 

ingredients affect the blood and overall health of farm animals.  

In this study only monocytes were significant. Lymphocyte, neutrophils, eosinophils 

and basophils were not significantly different among all BFLs. These findings are like 

Opara et al., (2010), who reported that white blood cell differential, lymphocyte, 

neutrophils, monocyte, eosinophils and basophils were not significantly different 

among all groups when goats were fed Moringa oleifera leaves.  

In this current study, lymphocyte levels remained stable in all the BFLs, despite the 

dietary changes. This study is in contrary with (Amirghofran et al., 2009) who reported 

that, extracts of Linum persicum resulted in a significant decrease in lymphocyte 

proliferation in humans. The differentiation between these results, might be due to that 

different plant meals were used which are B. discolour and Linum persicum. However, 

my findings are similar to Jiwuba et al., (2017) who reported the response observed 

for MO extract. Moringa supplementation resulted in increased WBC count but had no 

effect on lymphocyte count in West African Dwarf goats. 

In this study, there were insignificant RBC values obtained.  This might have happened 

of the Berchemia discolor leaf meal was used. This is in agrees with Solaiman et al., 

(2010) findings, which reported no differences in RBC numbers when Kiko crossbred 

male kids were fed a Sericea lespedeza diet containing varying levels of CT. The 

blood's ability to carry oxygen is indicated by the concentration of haemoglobin. 

According to (Olafadehan et al., 2014) findings goats fed tanniniferous Ficus polita 

had similar Hb concentration values. The Hb values in the present study also indicate 

the absence of microcytic hypochromic anaemia owing to iron deficiency (Olafadehan 

et al., 2014).  According to (Daramola et al., 2005) the absolute lymphocyte counts for 

goats in groups values fell within the range of 47–82% reported for clinically, healthy 

goats. These findings are in contrast with findings of this study as lymphocyte counts 

for goats in groups values 74-89% reported for clinically, healthy goats. 

Haematocrit (HCT), also known as packed cell volume, is a measurement of the 

blood's ability to carry oxygen since it represents the proportion of blood volume that 

is made up of erythrocytes. In this current study, dietary BFLs had no effect on 

haematocrit. These finding are in line with findings by Solaiman et al. (2010) who 

reported that goats fed different amounts of tannin-rich Sericea lespedeza diets 
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showed no change in HCT values. This suggests that there was no cell loss or 

degradation, and that RBC production was sufficient. 

4.5. Conclusion  

The inclusion of Berchemia discolor leaf meal in the diet of goats demonstrated a 

significant effect on monocyte percentages, particularly on the last day of the trial, 

suggesting a potential role in modulating immune responses. However, there were no 

significant effects on other haematological indicators, including neutrophil, 

lymphocyte, eosinophil, and basophilia percentages, implying that the dietary 

intervention did not adversely affect these parameters. These findings indicate that 

Berchemia discolor leaf meal may selectively influence certain immune-related 

parameters without disrupting overall haematological stability in goats. 

Recommendations: Further research should be conducted to explore the specific 

mechanisms through which Berchemia discolor affects monocyte levels and its 

implications for immune function in goats. Additionally, studies on long-term feeding 

and its effects on productivity and health outcomes in various environmental conditions 

are recommended. Incorporating Berchemia discolor leaf meal in controlled 

proportions could be considered in goat diets to potentially enhance immune 

modulation while maintaining haematological balance. 
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CHAPTER FIVE 

GENERAL DISCUSSION AND CONCLUSIONS 

 

 

 

 

 

 

 

 

 

 

 

 

5.1 General discussion 

Goats play a vital role in enhancing livelihoods and food security in Africa, contributing 

to milk, meat, skins, cashmere, and mohair production while also holding cultural 

significance. Berchemia discolor is a versatile medium to large tree, reaching heights 

of up to 20 meters. It can be deciduous or evergreen, with a pale green stem marked 

by brown lenticels when young, and mature bark that is dark grey and fissured. Rich 

in protein and minerals, this tree serves as an important resource during the dry 

season, offering a nutritional supplement to poor-quality natural pastures or fibrous 

crop residues, thereby improving animal performance.  
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Non-descript goats, valued for their heat and drought tolerance and disease 

resistance, often subsist on poor-quality feed within agropastoral systems. However, 

their productivity is hindered by the high prevalence of gastrointestinal nematode 

infections, particularly in grassland and forestland vegetation types. To address this 

challenge, it is essential to assess nematode loads and control measures. Blood 

analyses, including haematological and biochemical parameters, serve as critical tools 

for evaluating animal health, as they reflect the impact of diet, climatic conditions, and 

pasture quality on goats' physiological status and overall productivity. 

Chapter 3, the study evaluated the impact of Berchemia discolor supplementation on 

non-descript goats and revealed significant (P<0.05) effects on parameters such as 

strong lids, Trichuris sp., and oocyst counts across dietary BFL. While the highest 

strong lid values were observed in goats on BFL₃.ₒ, followed by BFL₁.5, no strong lids 

were identified in BFL₂.ₒ and BFLₒ. Berchemia discolor had more effect on BFLₒ and 

BFL₂.ₒ for strong lids since it was not diagnosed on these dietary BFL. Trichuris sp. 

counts were highest in BFLₒ, followed by BFL₂.ₒ and BFL₃.ₒ, with the least value in 

BFL₁.5, though some pairwise differences were not significant (P>0.05). Berchemia 

discolor had no effect on Trichuris sp. for all the dietary BFL. Oocyst counts varied 

significantly, with the highest value in BFL₁.5, followed by BFLₒ and BFL₃.ₒ, and the 

lowest in BFL₂.ₒ. Berchemia discolor had effect on oocyst for all dietary BFL. These 

findings indicate that Berchemia discolor supplementation influences gastrointestinal 

health parameters in goats, suggesting its potential as a dietary intervention, though 

effects are dependent on the supplementation levels. 

Chapter 4, focused on the inclusion of Berchemia discolor leaf meal in the diet of goats 

had minimal effects on their haematological parameters. Neutrophil (NE%) and 

lymphocyte (LY%) counts remained stable across all BFLs, indicating no significant 

impact of the dietary intervention on these immune cells. Eosinophil (EO%) and 

basophil levels were also unaffected, suggesting that the dietary BFLs did not 

influence factors associated with parasitic or allergic responses. However, monocyte 

(MO%) levels showed significant differences (P<0.05) on the last day of the trial, with 

the lowest levels observed in BFL₃.ₒ and the highest in BFLₒ, and BFL₂.ₒ. This 

suggests that Berchemia discolor may influence monocyte activity depending on 

dietary composition and duration. Overall, while Berchemia discolor had a limited 
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impact on most blood parameters, its potential effect on monocyte counts warrants 

further investigation. 
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Appendix A: Consent form 

 

CONSENT FORM  

I………………………………………………hereby voluntarily consent to participate in 

the following project titled, “The effect of Berchemia discolour leaf meal (Muni tree) on 

gastrointestinal nematode infections and haematological properties of non-descript 

goats” and I realise that: 

1. The aim of the study is to investigate the effect of Berchemia discolour (Muni 

tree) leaf meal on gastrointestinal nematode infestation and haematological 

properties of non-descript goats. 

2. The researcher is a master’s student in the Department of Agricultural 

Economics and Animal Production at the University of Limpopo. 

3. The researcher will make efforts to safeguard and adhere to the confidentiality 

of the information provided by the respondents and anonymity is guaranteed.  

4. I may withdraw from the study at any time I feel like. 

5. I am aware that it is anticipated that my participation in this study will enhance 

my understanding of nutritional qualities of goats supplementary feeds, the 

study will provide information on the health effects of gastrointestinal infections 

in goats. This information will assist in developing health monitoring protocols 

to improve animal welfare and to also curb losses associated with internal 

parasite infections in goats. 

6. I have every right to ask questions at the end of the interview. 

7. I have every right to be interviewed in a private space if I want to. 

8. If I have any question or problems regarding the study, I will contact the 

University Research Office (the University of Limpopo, Private Bag X1106, 

Sovenga, 0727, Tel: 015 268 2401) 

9. My signature below indicates that I have given my informed consent to 

participate in the abovementioned study. 
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Signature of respondent: ………… Date: …………………… 

 

Signature of the researcher:    Date: …19/11.2024……………… 
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