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ABSTRACT 

 

Protein ingredients are the most expensive inputs in poultry production even though 

not included in large quantities compared to energy ingredients. The study aimed to 

evaluate dietary threonine levels for optimal production and carcass characteristics of 

indigenous Boschveld chickens. Two experiments were conducted to determine the 

effect of dietary threonine levels on the productivity and carcass characteristics of 

indigenous Boschveld chickens. The first part of the study was to determine the effect 

of threonine inclusion level in a diet on feed intake, feed conversion ratio, body weight 

gain and gut organ measurements of unsexed indigenous Boschveld chickens aged 1 

to 49 days. A total of 200-day-old chicks, weighing 30 ± 5g per bird, were randomly 

allocated to 5 dietary treatment levels in a completely randomized design (CRD), 

replicated four times with 10 chicks per replicate. The experimental diets were 

isocaloric and isonitrogenous, and were made to fulfil the necessary nutritional 

standards, but with different threonine inclusion levels of 4, 7.5, 8, 8.5, or 9 g per kg 

DM of diet. Data were analysed using Statistical Analysis System version 9.4 and it 

was subjected to one-way analysis of variance (ANOVA). A quadratic equation was 

used to determine dietary threonine levels for optimal duodenum pH and duodenum 

weights of unsexed indigenous Boschveld chickens aged 49 days. Threonine inclusion 

levels had an effect (p<0.05) on feed intake, body weight gain, and feed conversion 

ratio of unsexed indigenous Boschveld chickens aged 1-49 days. Threonine inclusion 

levels had no effect (p>0.05) on crop, gizzard, ileum, jejunum, caeca, large intestine 

pH values and caeca lengths of unsexed indigenous Boschveld chickens aged 49 

days. However, threonine inclusion levels had effect (p<0.05) on duodenum pH, GIT, 

duodenum, large intestine lengths, crop, gizzard, ileum jejunum, and caeca weights of 

unsexed indigenous Boschveld chickens aged 49 days. Feed conversion ratio, 

duodenum pH values and duodenum weights of unsexed indigenous Boschveld 

chickens were optimized at dietary threonine level of 12.00, 0.70 and 8.00 g/kg DM, 

respectively. 

 

The second part of the study was to determine the effect of threonine level in a diet on 

carcass characteristics and quality of male indigenous Boschveld chickens aged 50 to 

91 days. A total of 75 male chickens weighing 600 ± 10g were used in a completely 

randomized design having 5 treatment groups, replicated three times, with five 
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chickens per replicate. The experimental diets were formulated to be isocaloric and 

isonitrogenous and meet the nutritional requirements, but with different threonine 

inclusion levels of 4, 7.5, 8, 8.5, or 9 g per kg DM of feed. Data were analysed using 

Statistical Analysis System version 9.4 and was subjected to one-way ANOVA. A 

quadratic equation was used to determine dietary threonine levels for optimal large 

intestine lengths, crop, and jejunum weights of male indigenous Boschveld chickens 

aged 91 days. Threonine inclusion levels had an effect (p<0.05) on feed intake, body 

weight gain (BWG), and feed conversion ratio (FCR) of male indigenous Boschveld 

chickens aged 50 to 91 days. The BWG, FCR, crop, jejunum, and large intestine 

lengths of male indigenous Boschveld chickens were optimized at dietary threonine 

levels of 6.12, 6.87, 5.95, 5.66, and 6.08 g/kg respectively. Threonine inclusion levels 

had no effect (p>0.05) on crop, gizzard, ileum, jejunum, duodenum, caeca, large 

intestine pH values, GIT, caeca lengths, large intestine weights, juiciness, flavour, 

overall acceptability, and cooking loss of indigenous Boschveld chickens aged 91 

days. However, dietary threonine inclusion levels had an effect (p<0.05) on large 

intestine lengths, crop, and jejunum weights, carcass, thigh, drumstick, breast, and 

abdominal fats weights, and tenderness of male indigenous Boschveld chickens aged 

91 days. 

 

It is concluded that dietary threonine levels used in this study affected the production 

performance of indigenous Boschveld chickens aged 1-49 more than indigenous 

Boschveld chickens aged 50-91 days. However, production variables were optimized 

at different dietary threonine levels. This has implication on diet formulation for the 

chickens. Thus, there is a need for further studies on the subject to ascertain the 

present findings. 

 

Keywords: Threonine, indigenous Boschveld chickens, feed intake, body weight gain, 

feed conversion ratio, carcass characteristics, gut organ. 
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1.1 Background  

In broiler chickens’ depression of the growth rate, feed intake, and carcass yield are 

consequences of threonine deficiency, whereas the effects in laying birds are a low 

laying rate, egg weight, egg mass, and feed conversion ratio (Azzam et al., 2011; 

Zhang et al., 2014; Fouad et al., 2017). Threonine is required to improve the secretion 

of digestive enzymes and to maintain normal populations of useful bacteria when the 

diet contains a low level of crude protein (Dong et al., 2017). Thus, threonine can 

maintain productivity when birds are fed diets with low crude protein contents. 

Threonine is a nutritionally important amino acid because poultry cannot synthesize it 

on their own (NRC, 1994). Threonine is a crucial part of body protein and functions as 

a precursor to lysine and serine (NRC, 1994). Previous studies have highlighted the 

critical effect of threonine supplementation on improving egg production in poultry. 

Furthermore, threonine supplementation improves the performance of chickens and 

enhances the morphological and functional development of the intestinal mucosa at 

hatching (Moreira Filho et al., 2019). Adequately balanced nutrition is vital to the 

health, fertility, and optimal performance of chickens. Higher growth rates in chickens 

require diets high in digestible energy and protein, which makes broiler feed very 

expensive. To minimize costs and increase feed efficiency, modern broiler diets are 

formulated based on digestible amino acids (Maharjan et al., 2021). 

 

1.2 Problem statement  

As mentioned earlier, threonine is a crucial part of body protein and functions as a 

precursor to lysine and serine (NRC, 1994). These amino acids (threonine, lysine, and 

serine) are necessary for the development and softness of meat (Ng'ambi et al., 2017). 

Currently, data on the appropriate threonine requirements for genotypes of slow-

growing chickens is limited and inconclusive. Thus, dietary threonine level 

requirements for slow-growing indigenous chicken breeds such as Boschveld chickens 

are not available. As a result, it is challenging to formulate diets with threonine levels 

that meet the needs of these slow-growing chickens for maximum output. The growth 

rate, carcass yield, and feed conversion ratio (FCR) of chickens fed a diet low in 

threonine are low (Kidd et al., 2004; Dozier et al., 2001; NRC, 2004). Amino acids are 

vital for both growth and meat tenderness (NRC, 1994). According to Kidd and Kerr 

(1996), the impact of dietary threonine on chicken productivity has been inconsistent, 

ranging from 5.8 to 7.9 g/kg DM. 
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1.3 Motivation of the study 

This study will provide information on digestibility, growth rate, feed intake, and carcass 

characteristics responses of indigenous Boschveld chickens fed different dietary levels 

of threonine.  The data will help in improving the growth rate, immune system 

responses, and meat quality of indigenous Boschveld chickens, and will be valuable 

to poultry farmers and other stakeholders that aim at enhancing the productivity of 

indigenous Boschveld chickens. 

 

1.4 Aim of the study 

The study aims at evaluating dietary threonine levels for optimal production and 

carcass characteristics of indigenous Boschveld chickens. 

 

1.5 Objectives 

The objectives of this study were to determine: 

i. The effect of dietary threonine levels on feed intake, FCR, and body weight gain 

(BWG) of indigenous Boschveld chickens. 

ii. The effect of dietary threonine levels on carcass quality (meat pH, meat colour, 

tenderness, juiciness, and flavour) of indigenous Boschveld chickens aged 50 

to 91days. 

iii. The effect of dietary threonine levels on gut organ characteristics (lengths, 

weights, and pH) of indigenous Boschveld chickens aged 50 to 91days. 

 

1.6 Hypotheses 

The following are the null hypotheses of the study: 

i. Dietary threonine inclusion levels have no effect on feed intake, FCR, and BWG 

of indigenous Boschveld chickens. 

ii. Dietary threonine inclusion levels have no effect on carcass quality (meat pH, 

meat color, tenderness, juiciness, and flavor) of indigenous Boschveld chickens 

aged 50 to 91 days. 

iii. Dietary threonine inclusion levels have no effect on gut organ characteristics 

(lengths, weights, and pH) of indigenous Boschveld chickens aged 50 to 

91days. 
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CHAPTER TWO 

 

LITERATURE REVIEW 
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2.1 Introduction 

Smallholder farmers in Southern Africa and many parts of the developing world 

generally rely on chicken meat to meet their dietary protein requirements (Azimu et al., 

2018). Most of these farmers breed and keep indigenous chickens, which are mostly 

tolerant of local diseases and parasites; moreover, they provide huge economic 

benefits and income for rural communities. The sudden increase in the demand for 

natural or organic meat could have influenced smallholder farmers to consider farming 

with indigenous chickens because these chickens need minimal use of additives and 

chemicals (Selaledi et al., 2021). The indigenous chickens are known to be 

economically, socially, and culturally important to the people of Africa and other 

developing countries, especially those from poor communities (Manyelo et al., 2020). 

Although they are associated with poor productivity, most consumers prefer their meat 

flavour (Manyelo et al., 2020). However, conventional protein sources, such as 

soybean and fishmeal, which are normally used in poultry diets, are expensive, thus, 

the need for the search for alternative sources of protein (Ramos-Elorduy, 2017). 

 

Due to high feed costs, the formulation of diets that meet nutrient requirements for 

optimal productivity of indigenous chickens has lagged (Atela et al., 2019). Perhaps, 

this might be because energy and protein sources are the second-largest components 

of poultry diets and the most expensive (Iji et al., 2017). This then defeats the purpose 

of keeping indigenous chickens in a low-resource setting. Threonine is the third limiting 

amino acid after methionine and lysine in the diets of broiler chickens, it is, thus, very 

important in poultry nutrition. The dietary amino acid concentration must meet the 

maintenance and tissue accretion needs of poultry, especially towards the middle and 

end of the growth period. Nutrition is the backbone of profitable broiler production and 

on average, it accounts for about 80–90% of the total cost of production (NAFIS, 2017). 

Modern broilers can potentially attain 2 kg of body weight by consuming 3 kg of feed 

within 5 weeks (Zampiga et al., 2018). 

 

2.2 Biochemical functions of threonine 

Threonine, otherwise known as α-amino-β-hydroxybutyric acid, is an indispensable 

amino acid must be obtained from the diet. It is identified as the third limiting amino 

acid in broilers. Threonine is an important bioactive molecule that has vital mediation 

effects on protein synthesis, energy metabolism, and nutrient absorption (Chen et al., 

http://researcherslinks.com/current-issues/Influences-of-Amaranth-Leaf-Meal-on-Performance-Blood-Profiles-and-Gut-Morphology-in-Boschveld-Chickens/33/1/5516/html#Iji-P--Toghyani-M--Ahiwe-E--Omede-AA--2017-.-Alternative-sources-of-protein-for-poultry-nutrition.-h
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2017). It has been reported that appropriate dietary threonine levels can promote 

animal growth, enhance immune function, and maintain intestinal health (Chen et al., 

2018). Threonine is an efficient nutritional modulator affecting nutrition metabolism. 

Threonine supplementation has been shown to enhance hepatic lipid metabolism, and 

its deficiency may induce hepatic triglyceride accumulation (Jiang et al., 2017). 

Threonine exerts a protective effect on lipid metabolic disorders by regulating 

lipogenesis signalling pathway and the expression of thermogenic genes (Ma et al., 

2020). More importantly, a limited number of studies have indicated that threonine 

plays an indispensable role in physiological regulation in many processes besides 

simple nutrition, particularly in cell growth and proliferation, including in embryonic 

stem cells (ESCs) (Kim et al., 2021).  

 

2.3 The effect of threonine on chicken productivity 

The growth rates of chickens depend on the availability of an adequate amount 

of amino acids that can be used to synthesise proteins involved in many physiological 

processes, including signal transduction, hormone signalling, cell structure, and 

antioxidant systems (Chen et al., 2016). Amino acids are also important for energy 

metabolism, urinary system function, and sexual maturation (Geraert and Mercier, 

2016). Due to the rapid growth of commercial chicken strains, the availability of amino 

acids for optimal growth, particularly muscle growth, as well as, physiological function 

is critical (Chen et al., 2016). In addition, the aliphatic amino acid threonine is an 

important growth factor in broilers and is one of the basic amino acids needed for the 

growth of domesticated birds (Qaisrani et al., 2018). Chickens cannot synthesise 

several essential amino acids including threonine thus threonine supplementation is 

required (Elnesr et al., 2019, 2020). Amino acids play many important physiological 

roles, particularly in thyroid function and a diet lacking threonine, as well as, other 

amino acids can lead to diminished physiological function (Bortoluzzi et al., 2018; 

Debnath et al., 2019). Moreover, threonine helps maintain the integrity of the intestinal 

mucosal barrier and thus can enhance nutrient uptake by broiler chickens (Corzo et 

al., 2017). The addition of threonine to broiler chicken diets increases productivity in 

terms of body weight, feed conversion, dressing percentage, relative breast weight, 

and thigh (Rezaeipour, 2015). Rezaeipour et al. (2015) reported that threonine 

supplementation together with feed particle size improved FCR, whereas threonine 

supplementation for the first 42 days after birth improved FCR to levels above those 

https://ascidatabase.com/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acids
https://ascidatabase.com/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acids
https://ascidatabase.com/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acids
https://ascidatabase.com/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acid
https://ascidatabase.com/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acids
https://ascidatabase.com/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=amino+acids
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seen with the addition of probiotics. Below is table 2.01 of dietary threonine 

requirements for optimum feed intake, weight gain, feed conversion ratio, and breast 

muscle weight of broiler chickens at different ages. 

 

Table 2.01 Dietary threonine requirements (% of diet) for optimum feed intake, weight 

gain, feed conversion ratio, and breast muscle weight of broiler chickens at different 

ages. 

Age FI Weight gain FCR Breast  Authors 

1-14 days 0.65 - 0.89 - Najafi et al. (2017) 

1-42 days 3.2 1.7 1.4 0.79 Kheiri and Alibeyghi 
(2017) 

1-42 days 1.6 6.0 2.8 - Min et al. (2017) 

1-42 days 1.0 0.6 2.8 - Chen et al. (2017) 

1-42 days - 1.0 4.7 - Valizade et al. (2016) 

21-42 days 0.72 0.73 0.77 0.74-0.71 NRC (1994) 

 

2.4 Flavour, tenderness, and juiciness of chicken meat 

 

2.4.1 Flavour 

Flavour is the sensation that results primarily from the chemical senses of taste, smell, 

and the trigeminal system (Spence, 2013). Gustation, or taste, is perceived when a 

taste-active compound binds to specific proteins known as taste receptors (Gravina 

et al., 2013). This event leads to cell membrane depolarisation, neurotransmitter 

release, and the eventual propagation of sensory information to the central nervous 

system via an action potential (Boughter Jr. and Munger, 2013). Findings of animal 

nutrition researchers conducted over years have shown that several pre- and post-

mortem factors affect the flavour of chicken meat. Breed/strain of the chicken, diet, 

presence of free amino acids and nucleotides, irradiation, high pressure treatment, 

cooking, antioxidants, pH, sex, and ageing are considered as the main determinants 

of flavour (Jayasena et al., 2013). Although the number of identified volatile 

compounds in meat is very large, only few have been shown to contribute meaty 

aromas (Kosowska et al., 2018). Meat flavour volatiles such as buttery, caramel, roast, 

burnt, sulphurous, green, fragrant, fatty, and nutty, and have thus been designated as 

aroma modifiers, and the majority are considered relatively not important. The most 

https://www.iastatedigitalpress.com/mmb/article/id/13045/#r32
https://www.iastatedigitalpress.com/mmb/article/id/13045/#r12
https://www.iastatedigitalpress.com/mmb/article/id/13045/#r12
https://www.iastatedigitalpress.com/mmb/article/id/13045/#r1
https://www.iastatedigitalpress.com/mmb/article/id/13045/#r22
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important meat flavour volatiles are sulphur-containing compounds that occur at low 

concentrations but have odour detection thresholds that are very low and lipid-derived 

volatile compounds, which have higher aroma thresholds (Kerth and Miller, 2015). The 

former are predominant in meat cooked at temperatures greater than 149 °C, whereas 

the latter predominate in meat cooked at lower temperatures (Dinh et al., 2021; Kerth 

and Miller, 2015). Therefore, both sulphur-containing flavour precursors (e.g., the 

amino acids cysteine, cystine, and methionine; the peptide glutathione; and thiamin) 

and fatty acids are very important (Hou et al., 2017). 

 

2.4.2 Tenderness 

Tenderness of chicken meat after slaughter, takes less time due to rapid development 

of rigor mortis. The major factors affecting meat tenderness are the maturity of the 

connective tissues and contractile state of the myofibril proteins. The maturity of the 

connective tissue is a function of chemical cross bonding of collagen in the muscles 

which increases with age (Mir et al., 2017). Probiotics for growth promotion have, 

however, been postulated to have adverse impact on tenderness development during 

post-mortem storage (Kim et al., 2016). However, higher scores for tenderness have 

been obtained with thigh meat than breast meat because thigh muscles contain more 

internal fat and blood capillaries (Melen et al., 2014). The physical criteria after 

slaughter are of importance. Tenderness of meat is a physiological property, that can 

be influenced by various factors such as breeding, husbandry, feeding, fattening age, 

slaughter technology, cooling, storing, and not least by the thermic treatment. 

Tenderness comprises different material properties, like bite characteristics, 

succulence, and toughness. Meat tenderness originates from structural and 

biochemical properties of skeletal muscle fibres, especially myofibrils and intermediate 

filaments, the endomysium and perimysium, which are composed of collagen fibrils 

and fibres. Meat tenderness is a dimensional attribute and is described in several 

stages; partial compression, first bite, chew down, and residual (Meilgaard et al., 

2016). Tenderness also decreases as animals mature because of the cross-linking of 

collagen (Li et al., 2022). 

 

https://www.iastatedigitalpress.com/mmb/article/id/13045/#r20
https://www.iastatedigitalpress.com/mmb/article/id/13045/#r8
https://www.iastatedigitalpress.com/mmb/article/id/13045/#r20
https://www.iastatedigitalpress.com/mmb/article/id/13045/#r20
https://www.iastatedigitalpress.com/mmb/article/id/13045/#r17
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2.4.3 Juiciness 

Juiciness refers mainly to the consumers’ perception of juiciness, which is affected by 

the type of meat (dark vs. white broiler meat; the latter has more protein and less fat) 

and can also depend on primary processing procedures (e.g., water chilling vs. air 

chilling), storage time and conditions, cooking method and preparation. Overall higher 

moisture and/or fat level increases the perception of juiciness. For example, lean 

chicken breast fillet (without skin) contains on average 74% moisture, 22% protein and 

about 2% fat, while chicken thigh meat has 72%, 18% and 8%, respectively (USDA, 

2022). This by itself makes breast meat perceived to be juicier when both types of 

meat are cooked in a similar way. Cooking chicken breast fillets in dry heat (oven) 

without any marination will result in a dry and chewy product. Therefore, quite a few 

convenient fresh poultry breast meat products are sold as marinated products (water 

and spices added; this information must be stated on the label) (Demirok et al., 2013). 

Furthermore, during cooking meat proteins are denaturated and water is expelled from 

the meat structure due to both meat shrinkage (less space for water) and lower 

capacity of the desaturated meat proteins to bind water. This is better seen when dry 

heat (e.g., conventional oven) is used. Practical solutions for this include marination of 

whole muscle meat cuts and straight water addition to ground sausage meat batters 

where the added moisture can compensate for the losses during cooking (Gómez et 

al., 2019). The ability of meat to retain moisture, with or without marination, also 

depends on factors such as genetics, body weight, ratio of lean meat to fat, stressors 

during catching and transportation of live animals to the plant, as well as, chilling 

method (water vs. air as mentioned above) and freezing methods where slow freezing 

results in large ice crystal formation and more damage to muscle cells compared to 

fast freezing or individual fast freezing also known as individually quick frozen (IQF) ( 

Mudalal et al., 2015). 

 

2.5 Broiler nutrition and meat quality 

Broiler chickens grow faster than any other meat source (Kralik et al., 2018), offering 

good value in terms of animal protein, which has been scientifically proven to be better 

than plant protein (Berrazaga et al., 2019). In the modern intensive poultry production, 

feed constitutes up to 70% of the expenditure (Thirumalaisamy et al., 2019). The 

poultry feed industry is currently facing challenges of volatility in the cost of production 

due to soaring bills of conventional feedstuffs, leading to the search for alternative feed 
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ingredients. Cassava by-products are some of the alternatives to replace maize as 

energy resource in monogastric diets. However, their high fibre, low protein and hydro-

cyanide content have limited their use (Latif and Müller, 2015). Cassava stump, which 

corresponds to the trimmed ends of cassava tubers (Aro et al., 2008), is mostly 

considered a waste and has not been utilised in the feeding of poultry. Leaf meals 

have been reported to be good sources of protein. They also have many bioactive 

compounds that may be useful as alternative to antibiotic growth promoters in 

monogastric animals. However, these valuable feed resources are also limited by their 

anti-nutrients and high fibre components. Morgan and Choct (2016) described fungal 

solid-state fermentation (SSF) as a veritable way of improving the nutritional quality of 

cassava by-products. Sugiharto et al. (2019) reported on the use of enzymes and 

fermentation to solve the challenges of high fibre and anti-nutritional. factors, thus 

enhancing the availability of the bioactive compound in leaf meals. In quails, SSF has 

also improved performance, and carcass quality (Yasar and Gok, 2016). The 

assessment of meat quality is critical because it focuses on the quality of meat 

components and the elements that affect palatability. It is also a metric for how long 

meat can be kept fresh before it starts to spoil (El Masry et al., 2015). Recently, the 

emphasis has been placed on quality (public health, meat safety, stakeholder 

competition, and consumer acceptance of production techniques), which is now 

considered more important than quantity and cost of beef products (Amara et al., 

2018). 

 

2.6 Conclusions 

Broiler chickens play an important source of protein and nutrition to most households 

globally. The information on the effect of threonine supplementation on productivity 

and carcass characteristics of indigenous Boschveld chickens is limited and not 

conclusive. It is, therefore, important to determine the effect of dietary threonine levels 

on the productivity and carcass characteristics of indigenous Boschveld chickens. 

 

  



 

11 
 

CHAPTER THREE 
 

MATERIALS AND METHODS 
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3.1 Study site 

The study was done at the University of Limpopo Livestock Unit, located at 27.55o 

south and 24.77o east. The ambient temperature around this area varies from 8 to 22 

°C in winter and between 16 and 27 °C in summer. Rainfall averages 450 mm a year 

(Kutu and Asiwe, 2010). 

3.2 Acquisition of resources and chickens housing and management 

A total of 275-day-old indigenous Boschveld chicks were bought at Boschveld Ranch, 

in Bela-Bela, Limpopo Province, South Africa. The ingredients to formulate 

experimental diets were acquired from Simplegrow Agric Company (Pretoria), 

Meadow Feeds (Pretoria), and Organics Matter Company (Pretoria), whereas wood 

shavings, disinfectants, medicines, 175watt infrared ruby lamps, feeders, and drinkers 

were acquired from NTK and Angel Feeds in Polokwane. An open-sided structure was 

used to house the chickens. For proper ventilation long axis was situated along an 

east-west direction in one m2 pen of wire mesh. Natural (V-shaped windows) and 

artificial means (supplying fans) were used as ventilation mechanisms to enhance the 

birds’ microclimatic conditions and to maintain the natural convection act. Moreover, 

the house had temperatures maintained at 30 to 33°C during the starter and 23 to 

25°C at the grower phase. Two weeks before the start of the experiment, 

paraformaldehyde was used to disinfect the poultry house. Lighting was provided 24 

hours daily utilizing natural lighting and artificial lighting using 175watt infrared ruby 

lamps. The bedding for the chickens was prepared using wood shaved sawdust and it 

was changed weekly. Birds were given fresh feeds and drinking water ad libitum 

hroughout the experiment. Disinfectants were used to wash and cleaned feeders and 

drinkers daily in the morning before being used. The chicks were vaccinated against 

infectious bronchitis and Newcastle virus disease using live attenuated virus vaccine 

(Nobilis® IB 4-91, log10 3, 6 EID50/dose) on day 7, and on days 18 and 28 birds were 

given live lentogenic virus vaccine (PESTIKAL 1000 dose, Lasota ≥106.0 EID50). 
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3.3 Experimental diets, designs, and procedures 

The first part of the research was to determine the effect of dietary threonine inclusion 

levels on feed intake, FCR, and body weight of unsexed indigenous Boschveld 

chickens aged 1 to 49 days. A total of 200-day-old Boschveld chicks, weighing 30 ± 

5g per bird, were randomly allocated to 5 diets (dietary treatment levels) in a 

completely randomized design (CRD), replicated four times with 10 chicks per 

replicate. The experimental diets were isocaloric and isonitrogenous and were made 

to fulfil the necessary nutritional standards (NRC, 1994), but with different threonine 

inclusion levels of 4.0, 7.5, 8.0, 8.5, or 9.0 g per kg DM of diet (Tables 3.01 and 3.02). 

The chickens were given 20 hours of lighting and 4 hours of darkness from the start to 

the end of the experiment, to give the chickens time to rest/sleep (NACC, 2010). Water 

and feeds were supplied ad libitum during the experimental period. The experiment 

was terminated when the chickens were 49 days of age. 

 

The study applied the “three R principle” which are replacement, reduction, and 

refinement to ensure minimal exposure to any discomfort to chickens (Russell and 

Burch, 1959). Replacement: refers to technologies or approaches that directly replace 

or avoid the use of animals; reduction: involves methods that help obtain comparable 

levels of information from the use of fewer animals and refinement: the optimisation of 

the methods and the handling of the animals during the experiments and in the 

husbandry, so that the animals are subjected to as little constraint as possible. The 

chickens were only handled when necessary (Russell and Burch,1959) to ensure 

minimal exposure to any discomfort to chickens. Sick chickens and those that refused 

to eat were isolated and treated accordingly with the help of a veterinarian. The pens 

were cleaned weekly by the chief researcher, and the chickens were monitored daily 

to ensure that fresh feed and water were provided ad libitum. Rapid weight loss of 15-

20% from the normal body weight of chickens during experimental days was frequently 

monitored. Those with rapid weight loss were isolated and freed from experimental 

diets and provided with commercial diets. Changes in physical condition such as loss 

of body weight, abnormal posture; lameness; excessive salivation, heart rate, and 

respiratory rate were monitored. Any bird showing any of those signs was isolated and 

treated accordingly. Moreover, external physical appearance (ruffled feathers, etc), 

behavioural changes (lameness, pecking, aggressive lethargy, fatigue, anorexia, self-
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isolating, and hunching, etc), and physiological changes (e.g., body temperature, 

hormonal fluctuations, clinical pathology) were monitored. 

Table 3.01 Dietary treatment codes of Experiment 1 (1-49 days old chickens) 

Diet Code  Diet description 

ATU4 

 

ATU7.5 

Unsexed indigenous Boschveld chickens fed a diet 

having 4 g of threonine per kg DM. 

Unsexed indigenous Boschveld chickens fed a diet 

having 7.5 g of threonine per kg DM. 

ATU8 Unsexed indigenous Boschveld chickens fed a diet 

having 8 g of threonine per kg DM. 

ATU8.5  Unsexed indigenous Boschveld chickens fed a diet 

having 8.5 g of threonine per kg DM. 

ATU9 Unsexed indigenous Boschveld chickens fed a diet 

having 9 g of threonine per kg DM. 

 

Table 3.02 Ingredients and nutrient composition of starter diets for Experiment 1  

 

  
 
Feed Ingredients  

 

  Treatment*    

  ATU4     ATU7.5      ATU8     ATU8.5  ATU9 

Yellow maize (%) 60.00 59.02 59.00 58.98 58.96 

Maize gluten 60 (%) 1.10 5.00 5.00 5.00 5.00 

Wheat bran (%) 3.20 2.50 2.57 2.65 2.71 

Soyabean 46 (%) 24.00 24.30 24.20 24.09 24.01 

L-lysine (%) 0.10 0.10 0.10 0.10 0.10 

D-L methionine (%) 0.10 0.30 0.30 0.30 0.30 

L threonine (%) 0.00 0.01 0.06 0.11 0.16 

Vitamin + minerals premix† (%) 0.10 0.10 0.10 0.10 0.10 

Limestone (%) 1.80 1.80 1.80 1.80 1.80 

Salt (%) 0.50 0.50 0.50 0.50 0.50 

Monocalcium phosphate (%) 4.35 1.62 1.62 1.62 1.62 
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Sodium bicarbonate (%) 0.30 0.30 0.30 0.30 0.30 

Oil sunflower (%)    4.45 4.45      4.45     4.45 4.45 

Total  100 100 100 100 100 

Analysed nutrient composition 

Crude protein (%) 21 21 21 21 21 

Energy (MJ/kg DM) 14 14 14 14 14 

Threonine (g/kg DM) 4.0 7.5 8.0 8.5 9.0 

ADF (%) 5.71 5.71 4.92 4.43 4.72 

NDF (%) 19.07 16.16 13.89 25.86 25.48 

Fat (%) 6.89 6.01 6.41 4.91 3.43 

Ash (%) 7.73 8.27 8.42 8.22 6.87 

Ca (%) 1.02 1.02 1.01 1.01 1.01 

†
The ingredients contained in the vitamin–mineral premix were as follows(per kg of diet): vitamin A 12000 IU, vitamin D3 3500 IU, vitamin E30.0 mg, vitamin K 3 2.0 mg, thiamine 2 mg, riboflavin 6 mg, 

pyridoxine5 mg, vitamin B12 0.02 mg, niacin 50 mg, pantothenate 12 mg, biotin0.01 mg, folic acid 2 mg, Fe 60 mg, Zn 60 mg, Mn 80 mg, Cu 8 mg, Se0.1 mg, Mo 1 mg, Co 0.3 mg, I 1 mg.  

 

The second part of the study was to determine the effect of dietary threonine levels on 

carcass characteristics and quality of indigenous Boschveld chickens aged 50 to 91 

days. Seventy-five male chickens weighing 600 ± 10 g were used in a CRD having 5 

treatment groups, replicated 3 times, with 5 chickens per replicate (5 x 3 x 5 = 75 

chickens). The experimental diets were formulated to be isocaloric and isonitrogenous 

and met the nutritional requirements of the chickens (NRC, 1994), but with different 

threonine inclusion levels of 4.0, 7.5, 8.0, 8.5, or 9.0 g per kg DM of feed (Tables 3.03 

and 3.04). The experiment was terminated when the chickens were 90 days of age. 

The chickens were given 20 hours of lighting and 4 hours of darkness as 

recommended standard practice for chicken production (NACC, 2010) to ensure 

adequate growth and development. Water and feeds were supplied ad libitum during 

the experimental period. 

 

 



 

16 
 

 

Table 3.03 Dietary treatments of the Experiment 2 

 

Table 3.04 Ingredients and nutrient composition of grower diets for Experiment 2 

  
Feed Ingredients  

 

  Treatment*    

    ATM4    ATM7.5      ATM8    ATM8.5  ATM9 

Yellow maize (%) 60.54 54.00 54.00 54.00 54.00 

Maize gluten 60 (%) 1.10 0.37 2.51 2.35 2.18 

Wheat bran (%) 3.00 3.24 3.00 3.00 3.00 

Soy bean 46 (%) 27.26 30.14 29.02 29.11 29.21 

L-lysine (%) 0.10 0.23 0.10 0.10 0.10 

D-L methionine (%) 0.10 0.64 0.50 0.50 0.50 

L threonine (%) 0.00 0.01 0.04 0.09 0.14 

Vitamin + minerals premix† 

(%) 
0.10 0.15 0.15 0.15 0.15 

Limestone (%) 1.76 1.76 1.77 1.77 1.77 

Salt (%) 0.30 0.44 0.44 0.44 0.44 

Monocalcium phosphate 
(%) 

1.64 1.61 1.61 1.61 1.61 

Sodium bicarbonate (%) 0.10 0.10 0.10 0.10 0.10 

Diet Code  Diet Description 

ATM4 

 

ATM7.5 

Male indigenous Boschveld chickens fed a diet having 

4 g of threonine per kg DM.  

Male indigenous Boschveld chickens fed a diet having 

7.5 g of threonine per kg DM. 

ATM8 Male indigenous Boschveld chickens fed a diet having 

8 g of threonine per kg DM. 

ATM8.5  Male indigenous Boschveld chickens fed a diet having 

8.5 g of threonine per kg DM. 

ATM9 Male indigenous Boschveld chickens fed a diet having 

9 g of threonine per kg DM. 
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Oil sunflower (%)    4.00 7.30      6.75     6.77 6.79 

Total  100 100 100 100 100 

Analysed composition      

Crude protein (%) 21 21 21 21 21 

Energy (MJ/kg DM) 14 14 14 14 14 

Threonine (g/kg DM) 4.0 7.5 8.0 8.5 9.0 

ADF (%) 5.71 5.71 4.92 4.43 4.72 

NDF (%) 19.07 16.16 13.89 25.86 25.48 

Fat (%) 6.89 6.01 6.41 4.91 3.43 

Ash (%) 7.73 8.27 8.42 8.22 6.87 

Ca (%) 1.02 1.02 1.01 1.01 1.01 

†
The ingredients contained in the vitamin–mineral premix were as follows (per kg of diet): vitamin A 12000 IU, vitamin D3 3500 IU, vitamin E30.0 mg, vitamin K 3 2.0 mg, thiamine 2 mg, riboflavin 6 mg, 

pyridoxine5 mg, vitamin B12 0.02 mg, niacin 50 mg, pantothenate 12 mg, biotin0.01 mg, folic acid 2 mg, Fe 60 mg, Zn 60 mg, Mn 80 mg, Cu 8 mg, Se0.1 mg, Mo 1 mg, Co 0.3 mg, I 1 mg.  

 

3.4. Data collection  

The body weight gain of each chicken was determined at the start of the experiment 

and thereafter weekly. The BWG of the chickens was determined using their live 

weights. Daily feed intake was measured by calculating the difference between the 

total weight of feed offered and the weight of feed leftovers, and the difference was 

divided by the total number of chickens per pen. The FCR was calculated as the total 

feed consumed divided by the body weight gain of the birds (McDonald et al., 2010). 

 

At 49 and 91 days of age, three chickens from each replicate were sacrificed using the 

cervical dislocation method, and within 10 seconds after dislocation Thereafter, 

chicken carcasses were taken to the University of Limpopo Animal Laboratory for 

further analysis. To ensure that unconsciousness is produced quickly after a cervical 

dislocation, technical knowledge and skills was required. Cervical dislocation entails 

holding the legs or wings of the chicken in one hand, and the neck is then extended 

by tugging on the head and rotating the skull backward (AVMA, 2020). 
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The chicken's digestive tract was carefully removed from the abdomen without causing 

tissue damage, and the weight of the organs was measured using an electronic scale 

sensitive to 0.001 g. The dimension of the small and large intestines was measured 

using a measuring tape. The pH values of the ileum, crop, gizzard, and caecum digesta 

were measured with a pH meter. Carcass weights and meat cut-up yields were 

measured using an electronic weighing scale. Meat pH was measured using the digital 

pH meter (Crison, Basic 20 pH Meter), while the meat colour was assessed utilizing 

Hunter-Lab test (L*, a*, b*) system where L* is the lightness, a* is the redness, and b* 

is the yellowness. Procedures for Warner-Bratzler Shear Force were used to 

determine the shear force values of the meat (Novaković and Tomašević, 2017). 

 

For sensory attributes, meat samples were frozen at -20 °C and later allowed to be 

defrosted for 24 hours in a cooler room. The breast meat was cooked in an oven that 

was preheated to 160 °C. A 1.5 cm thickness of the meat sample was broiled for about 

50 minutes, turning it over every 25 minutes. Tongs were used for turning to avoid 

piercing the meat, which could lead to moisture escaping. The meat was judged on a 

5-point scale by a taste panel of 25 assessors for tenderness, juiciness, flavour, and 

overall acceptability. 

 

The weights of the chicken breast meats before and after roasting were used to 

determine cooking loss, and the percentage cooking loss was determined as follows: 

%Cooking Loss=
𝑊𝑂−𝑊1

𝑊0
𝑋 100 

Where W0 and W1 are the weights before and after cooking, respectively. 

 

3.5. Chemical analysis 

The dry matter (DM) and nitrogen contents of the diets, refusals, faeces, and meat 

samples were assessed in accordance with the AOAC's guidelines (AOAC, 2012). An 

adiabatic bomb calorimeter was used to determine the gross energy of the diet and 

excreta samples. Ion-exchange chromatography was used to analyse the threonine 

and other amino acid levels of the feeds and meat samples (HPLC, University of 

Limpopo, South Africa). The calcium and sodium contents were analysed by the 

methods of AOAC (2012) using the Atomic Absorption Spectrophotometer 
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(Labtronics). The diets' apparent metabolisable energy (ME) intake using the methods 

of AOAC (2012). 

 

3.6. Data analysis 

Data from the first experiment were subjected to one-way ANOVA using Statistical 

Analysis System (SAS, 2020) version 9.4 with threonine inclusion level as the main 

effects. Where there were significant differences (P<0.05), the treatment means were 

separated using a least significant difference (LSD) test at a 5% level of probability 

(SAS, 2020). The model  Yij = μ + Ti  + eij was applied where Yij = response variables 

in diet intake (DM g/bird/day), FCR (g DM feed/g live weight gain), growth and body 

weight (g/bird/day); μ = constant; Ti = effect of threonine inclusion level; eij = random 

error. 

 

Data from experiment 2 was subjected to the one-way ANOVA using SAS version 9.4. 

Where there was a significant F-test (P<0.05), the least significance difference (LSD) 

method was used to separate the means (P<0.05) (SAS, 2020). 

 

The model Yij = μ + Ti  + eij was utilized. 

 

Where: Yij = reaction variables in carcass sensory attributes, carcass characteristics, 

diet intake, FCR, and digestibility, μ = overall mean, Ti = effect of threonine inclusion 

level, eij = random error. 

 

The responses in optimal feed intake, live weight, growth rate, FCR, digestibility, and 

carcass characteristic changes to dietary threonine level were modelled using the 

following quadratic equation: 

 

Y = a + b1x + b2x2 + e 

 

Where Y = optimum feed intake, live weight, growth rate, FCR, digestibility, and 

carcass characteristics; a = intercept; b = coefficients of the quadratic equation; x = 

dietary threonine level and –b1/2b2 = x value for optimal response and e = random 

error. The quadratic model was fitted to the experimental data using the NLIN 
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procedure of SAS (SAS, 2020). The quadratic model was preferred because it gave 

the best fit. 

 

The linear relationships between the threonine inclusion levels and reactions in diet 

intake, FCR, growth rate, live weight, digestibility, and carcass characteristics were 

determined using the following linear equation: 

 

Y = a + bx  

 

Where Y = is the FCR, live weight, diet intake, growth, digestibility, carcass 

characteristics, etc.; b = coefficient of the linear equation; x = the threonine. 
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CHAPTER FOUR 

 

RESULTS 
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4.1 Experiment 1 

Results of the nutrient composition of the experimental diets are presented in Table 

4.01. The experimental diets were isocaloric and isonitrogenous, but with different 

threonine levels. All the diets contained 21% crude protein and 16 MJ of energy per 

kg DM as recommended by NRC (1994) for broiler chickens at starter phase. Thus, 

any difference in response should be due to dietary threonine level. 

 

Table 4.01 Diet composition (% except MJ/kg DM for energy and g/kg DM for 

threonine) for Experiment 1 

Treatment# 

Nutrient ATU4 ATU7.5 ATU8 ATU8.5 ATU9 

DM 90 90 90 90 90 

CP 21 21 21 21 21 

Energy 16 16 16 16 16 

ADF 5.71 5.71 4.92 4.43 4.72 

NDF 19.07 16.16 13.89 25.86 25.48 

Fat 6.89 6.01 6.41 4.91 3.43 

Ash 7.73 8.27 8.42 8.22 6.87 

Ca 1.02 1.02 1.01 1.01 1.01 

Threonine  4 7.5 8 8.5 9 

ATU: Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were dietary threonine levels of 4, 7.5, 8.0, 8.5 or 

9.0 g/kg DM of feed)  

 

Results of the effect of threonine inclusion levels on feed intake (g DM/bird/day), body 

weight gain (g/bird/day), and FCR (g feed intake/g body weight gain) of unsexed 

indigenous Boschveld chickens aged 1-49 days are presented in Table 4.02. 

Threonine inclusion levels had effect (p<0.05) on feed intake, body weight gain (BWG), 

and FCR of unsexed indigenous Boschveld chickens aged 1-49 days. 

Unsexed indigenous Boschveld chickens on a diet having 8 g of threonine per kg DM 

had higher (p<0.05) feed intake than those on diets containing 4, 7.5, and 8.5 of 

threonine per kg DM. Similarly, unsexed chickens fed a diet having 4 g of threonine 

per kg DM had higher (p<0.05) feed intake than those on diets having 7.5 and 8.5 g of 

threonine/kg DM. However, chickens fed diets containing 8 and 9 g of threonine per 

kg DM had similar (p>0.05) feed intakes. 
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Unsexed indigenous Boschveld chickens on a diet containing 9 g of threonine per kg 

DM had higher (p<0.05) BWG than those on diets having 4, 7.5, and 8.5 g of threonine 

per kg DM. Similarly, chickens fed a diet having 8.5 g of threonine per kg DM had 

higher (p<0.05) BWG than those on diets having 4 and 7.5 g of threonine/kg DM. 

However, unsexed chickens fed diets having 8 and 9 g of threonine per kg DM had 

similar (p>0.05) BWG. 

 

Unsexed indigenous Boschveld chickens on a diet having 8.5 g of threonine per kg 

DM had lower (p<0.05) FCR values than those on diets having 4, 7.5, 8 and 9 g of 

threonine/kg DM. Similarly, unsexed chickens fed a diet having 4 g of threonine per kg 

DM had higher (p>0.05) FCR values than those on diets having 7.5, 8, 8.5 and 9 g of 

threonine/kg DM. However, unsexed chickens fed diets having 8 and 9 g of threonine 

per kg DM had similar (p>0.05) FCR values. 
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Table 40.2 Effect of threonine inclusion levels on feed intake (g DM/bird/day), body weight gain (g/bird/day), and feed conversion 

ratio (g feed intake/g body weight gain) of unsexed indigenous Boschveld chickens aged 1-49 days. 

Variable    Treatment   P-Value 

 ATU4 ATU7.5 ATU8 ATU8.5 ATU9  

FI 25.23b± 0.046 22.71c± 0.040 25.78a± 0.023 20.05d± 0.015 25.74a± 0.009 <.0001 

BWG 10.49d± 0.046 10.84c± 0.012 12.08a± 0.023 11.24b± 0.015 12.10a±0.012 <.0001 

FCR 2.41a±0.006 2.10c±0.003 2.13b±0.006 1.78d±0.000 2.13b±0.003 <.0001 

a, b, c : Means in the same row not sharing a common superscript are significantly different (P<0.05) 

ATU: Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were dietary threonine levels of 4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed)  

Variables: Values presented as mean ± standard error.
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A positive relationship was observed between threonine inclusion level and BWG 

(g/bird/day) (r2 = 0.583) in unsexed indigenous Boschveld chickens aged 1-49 days 

(Figures 4.02 and Table 4.03). However, a negative relationship was observed 

between threonine inclusion level and feed intake (g DM/bird/day) (r2 = 0.059) of 

unsexed indigenous Boschveld chickens aged 1-49 days (Figures 4.01 and Table 

4.03). 

 

Table 4.03 Relationships between threonine inclusion level and feed intake (g 

DM/bird/day) and BWG (g/bird/day) of unsexed indigenous Boschveld chickens aged 

1-49 days 

Factor  Formula  r2 Probability  

Feed intake Y = -0.31x + 26.17 0.059 0.694 

Body weight gain Y = 0.28x + 9.28 0.583 0.133 

r2: Coefficient of determination 

P: Probability-value 

 

 
Figure 4.01  The relationship between threonine inclusion level and feed intake (g 

DM/bird/day) of unsexed indigenous Boschveld chickens aged 1-49 days 
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Figure 4.02 The relationship between threonine inclusion level and body weight gain 

(g/bird/day) of unsexed indigenous Boschveld chickens aged 1-49 days 

 

Results on the effect of threonine inclusion levels of on gut organ pH, length (cm) and 

weight (g) of unsexed indigenous Boschveld chickens aged 49 days are presented in 

Table 4.04. Threonine inclusion levels had no effect (p>0.05) crop, gizzard, ileum, 

jejunum, caeca, and large intestine pH of unsexed indigenous Boschveld chickens. 

However, threonine inclusion levels had effect (p<0.05) on duodenum pH of unsexed 

indigenous Boschveld chickens aged 49 days. Unsexed indigenous Boschveld 

chickens on diets containing 8 g of threonine per kg DM had higher (p<0.05) duodenum 

pH value than those on diets 4, 7.5, 8.5 and 9 g of threonine per kg DM. Unsexed 

indigenous Boschveld chickens on diets containing 7.5 or 8 g of threonine per kg DM 

had higher (p<0.05) duodenum pH value than those on a diet containing 4 g of 

threonine per kg DM. However, unsexed chickens fed diets having 7.5, 8, 8.5 and 9 g 

of threonine per kg of DM had similar (p>0.05) duodenum pH value. Similarly, unsexed 

chickens fed diets having 8.5 and 9 g of threonine/kg DM had similar (p>0.05) 

duodenum pH values. 
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Table 4.04 Effect of threonine inclusion levels on gut organ pH, length (cm) and weight 

(g) of unsexed indigenous Boschveld chickens aged 49 days  

Variables   Treatment                    P-Value 

 ATU4 ATU7.5  ATU8 ATU8.5  ATU9  

        Gut  organ pH      

Crop 5.64±0.119 5.63±0.099 5.59±0.095 5.55±0.113 5.55±0.068 0.9434 

Gizzard 5.74±0.072 5.68± 0.079 5.76±0.015 5.73±0.023  5.66±0.009 0.6337 

Ileum 5.79±0.111 5.56±0.074  5.63±0.034 5.58±0.147  5.60±0.039  0.4616 

Jejunum 5.35±0.091 5.46±0.012 5.50±0.023 5.39±0.007 5.47±0.066  0.3182 

Ddm 5.43b±0.033 5.59a±0.026  5.69a±0.023 5.54ab±0.027  5.49ab±0.015  0.0039 

Caeca 5.63±0.055 5.68±0.047 5.65±0.139 5.74±0.003 5.57±0.064 0.2583 

LI 5.64±0.018 5.81±0.100      5.67±0.117    5.70±0.013 5.65±0.066 0.5305 

       Gut  organ length (cm)     

GIT 109.20a±2.425 95.06b±2.742 95.50b±0.173 102.60ab±1.270 101.30ab±0.86
3 

0.0012 

Ileum 42.37a±1.179 36.17b±0.088 3703b±0.797 41.27a±0.433 39.17ab±0.433 0.0003 

Jejunum 46.90a±1.266 35.30c±1.328 38.10c±0.971 43.80ab±1.732 39.20bc±0.404 0.0004 

Ddm 21.30a±1.270 20.00ab±0.692 14.80c±0.173 17.60bc±0.000 18.37ab±0.033         0.0004 

Caeca 23.33±1.519 24.40±0.982 22.27±0.549 22.97±0.895 24.20±0.115 0.5062 

LI 5.23ab±0.202 5.37ab±0.033 4.90b±0.058 5.60a±0.058 5.57a±0.260     0.0501 

      Gut  organ weight (g)     

Crop 7.50ab±0.289 4.50b±0.346 6.17ab±0.797 5.37b±0.202 5.37b±0.260 0.0068 

Gizzard 34.67a±2.223 25.17b±2.194 23.13b±1.353 25.27b±1.299 26.87b±0.722 0.0052 

Ileum  9.10a±0.115 8.80a±0.115 6.27c±0.033 6.20c±0.404 7.87b±0.033         <.0001 

Jejunum 11.17ab±0.145 10.30bc±0.115 8.77c±0.033 12.40a±0.173 9.67bc±0.780 0.0004 

Ddm  5.07b±0.491 6.07ab±0.033 5.27 b±0.203 6.77a±0.088 5.50b±0.231 0.0063 

Caeca 5.40a±0.058 3.60c±0.173 3.77c±0.033 4.80b±0.058 5.10b±0.058 <.0001 

LI 1.53±0.208 1.30±0.100 1.13±0.153 1.40±0.346 1.30±0.100 0.2555 

a, b, c, : Means in the same row not sharing a common superscript are significantly different (P<0.05) 

ATU: Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were dietary threonine levels of 4, 7.5, 8.0, 8.5 or 

9.0 g/kg DM of feed)  

Variables: Values presented as mean ± standard error (SE) 

P value: Standard error of the means. 
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Threonine inclusion levels had effect (p<0.05) on GIT, ileum, jejunum, duodenum, and 

large intestine lengths of unsexed indigenous Boschveld chickens aged 49 days. 

However, threonine inclusion levels had no effect (p>0.05) on caeca lengths of 

indigenous Boschveld chickens aged 49 days. 

 

Unsexed indigenous Boschveld chickens on diets containing 4 g of threonine per kg 

DM had longer (p<0.05) GIT lengths than those on diets containing 7.5 and 8 g of 

threonine per kg DM. However, unsexed chickens fed diets having 4, 8.5 and 9 g of 

threonine per kg of DM had similar (p>0.05) GIT lengths. Similarly, unsexed chickens 

fed diets having 8.5 and 9 g of threonine/kg DM had similar (p>0.05) GIT lengths. 

 

Unsexed indigenous Boschveld chickens on diets containing 4 g of threonine per kg 

DM had longer (p<0.05) ileum lengths than those on diets containing 7.5 and 8 g of 

threonine per kg DM. However, unsexed chickens fed diets having 4, 8.5 and 9 g of 

threonine per kg of DM had similar (p>0.05) ileum lengths. Similarly, unsexed chickens 

fed diets having 7.5 and 8 g of threonine/kg DM had similar (p>0.05) ileum lengths. 

 

Unsexed indigenous Boschveld chickens fed diets containing 4 g and 8.5 

gthreonine/kg DM had longer (p<0.05) jejunum than other dietary treatments.  

Unsexed indigenous Boschveld chickens on diets containing 8.5 g of threonine/kg DM 

had longer (p<0.05) jejunum lengths than their counterparts on diets containing 9 g 

threonine per kg DM. However, unsexed chickens fed diets having 4 and 9 g of 

threonine per kg of DM had similar (p>0.05) jejunum lengths. 

 

Unsexed indigenous Boschveld chickens on diets containing 4 g, 7.5 g and 9.5 g 

threonine per kg DM had similar lengths. The duodenum length for chickens on diets 

containing 8 and 8.5 g threonine per kg DM were also similar. Unsexed indigenous 

Unsexed Boschveld chickens on diets containing 4 g threonine per DM had longer 

duodenum than those on 8 and 8.5 g threonine per kg DM. However, duodenum 

lengths for birds on diets containing 4, 7.5 and 9 g threonine per kg DM were not 

significantly (p>0.05) from each other. The duodenum lengths for birds on 7.5, 8.5 and 

9 g threonine per kg DM were similar. Similarly, duodenum lengths of unsexed 

Boschveld chickens fed diets containing 7.5, 8.5 and 9 g threonine per kg DM were 

not significantly (p>0.05) different from each other.However, unsexed chickens fed 
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diets having 7.5 and 8 g of threonine per kg of DM had similar (p>0.05) duodenum 

lengths.  

 

As shown in Table 4.04, dietary treatment levels had no effect (p>0.05) on the length 

of caeca. Boschveld chickens fed diets containing 8 g threonine per kg DM had 

statistically (p<0.05) shorter large intestines compared to those fed diets containing 

8.5 and 9 g threonine per kg DM. On the other hand, chickens fed diets containing 4. 

7.5, 8.5 and 9 g threonine per kg DM had similar (p>0.05) large intestine length. 

Similarly, the length of large intestine for birds on diets containing 4, 7.5 and 8 g 

threonine per kg DM was not significantly different (p>0.05) from each other. 

 

Threonine inclusion levels had no effect (p>0.05) on large intestine weights of 

indigenous Boschveld chickens aged 49 days. However, threonine inclusion levels had 

effect (p<0.05) on crop, gizzard, ileum jejunum, duodenum, and caeca weights of 

indigenous Boschveld chickens aged 49 days. Unsexed indigenous Boschveld 

chickens on diets containing 4 and 8 g threonine per kg DM had heavier (p<0.05) crop 

weights than those on a diet containing 7.5, 8.5 and 9 g of threonine per kg DM. 

However, unsexed chickens fed diets having 7.5, 8.5 and 9 g of threonine per kg of 

DM had similar (p>0.05) crop weights. Similarly, unsexed chickens fed diets having 4 

and 8 g of threonine/kg DM had the same (p>0.05) crop weights. Unsexed indigenous 

Boschveld chickens on a diet containing 4 g of threonine per kg DM had heavier 

(p<0.05) gizzard weights than those on diets containing 7.5, 8, 8.5 and 9 g of threonine 

per kg DM. However, unsexed chickens fed diets having 7.5, 8, 8.5, and 9 g of 

threonine per kg of DM had similar (p>0.05) gizzard weight. 

 

Unsexed indigenous Boschveld chickens on diets containing 4 and 7.5 g of 

threonine/kg DM had heavier (p<0.05) ileum weights than other dietary treatments. On 

the other hand, diets containing 8 and 8.5 g threonine had shorter ileum than other 

dietary treatments. However, unsexed chickens fed diets having 8 and8.5 gthreonine 

per kg of DM had similar (p>0.05) ileum weights. Also, unsexed chickens fed diets 

having 4, and 7.5 g threonine/kg DM had similar (p>0.05) ileum weight. Please say 

something about 9 g threonine in relation to other treatments, 
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According to Table 4.04, chickens on diets containing 8 and 8.5 g threonine per kg DM 

had lower and heavier jejunum weights compared to other dietary treatments. unsexed 

However, jejunum weight for chickens fed diets containing 4 and 8.5 g threonine per 

kg DM were not statisticaly different (p>0.05). Ileum weight for birds on 7.5 and 8 g 

threonine were similar (p>0.05). Furthermore, unsexed indigenous Boschveld 

chickens on diets containing 8.5 and 9 g of threonine/kg DM had similar (p>0.05) 

jejunum weight.  No statistical difference (p>0.05) could be found for birds on diets 

containing 4, 7.5 and 9 g threonine/ kg DM. Furthermore, the jejunum weight for birds 

on 7.5, 8 and 9 g threonine/kg DM was similar. 

 

Unsexed indigenous Boschveld chickens on diets containing 8.5 g threonine/kg DM 

had heavier (p<0.05) duodenum weights which was not statistically different (p>0.05) 

for birds fed diets containing 7.5 g threonine. The weight duodenum of chickens fed 

diets having 4, 7.5, 8.0 and 9 g of threonine per kg DM was similar (p>0.05).  

 

Unsexed indigenous Boschveld chickens on diets containing 4 g of threonine/kg DM 

had heavier (p<0.05) caeca weights compared to other dietary treatments. The weight 

of caeca for chickens fed diets containing 7.5 and 8 g threonine were similar (p>0.05). 

No significant difference in the weight of caeca was observed in birds fed diets 

containing 8.5 and 8 g threionine per kg DM. 

 

Duodenum pH and duodenum weight were optimized (r2 = 0.753 and 0.300) at 

threonine inclusion level of 0.70 and 8.00 for unsexed Boschveld chickens aged 49 

days (Figures 4.03, 4.13 and Table 4.05, respectively). A positive relationship was 

observed between threonine inclusion level and large intestine lengths (r2 = 0.115) of 

unsexed indigenous Boschveld chickens aged 49 days (Figure 4.09 and Table 4.06).  

A negative relationship was observed between threonine inclusion level and GIT, 

ileum, jejunum, and duodenum lengths (r2 = 0.411, 0.233, 0.363 and 0.424 

respectively) in unsexed indigenous Boschveld chickens aged 1-49 days (Figures 

4.04, 4.05, 4.06, 4.07, respectively and Table 4.06). 

 

A negative relationship was observed between threonine inclusion level and crop, 

gizzard, ileum, jejunum, and caeca weights (r2 = 0.588, 0.749, 0.404, 0.054 and 0.130 
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respectively) of unsexed Boschveld chickens aged49 days (Figures 4.09, 4.10, 4.11, 

4.12 and 4.14, respectively and Table 4.06). 

 

Table 4.05 Threonine inclusion levels for optimal gut organ characteristics of unsexed 

indigenous Boschveld chickens aged 49 days 

Factor  Formula  X Y r2 P  

Duodenum 

pH 

Y = 4.24 + 0.42x + -0.03x2 0.70 4.52 0.753 0.247 

Duodenum 

(g) 

Y = 2.21 + 0.96x + -0.06x2 8.00 6.05 0.300 0.700 

X: Inclusion level for optimal value 

Y: Optimal Y-level 

r2: Coefficient of determination 

P: Probability-value 

 

Table 4.06 Relationships between threonine inclusion level and gut organ lengths and 

weights of unsexed indigenous Boschveld chickens aged 49 days 

Factor  Formula  r2 Probability  

GIT (cm) Y = -1.88x + 114,65 0.411 0.243 

Ileum (cm) Y = -0.65x + 43.99 0.233 0.411 

Jejunum (cm) Y = -1.41x + 51.11 0.363 0.282 

Duodenum (cm) Y = -0.82x + 24.44 0.424 0.234 

LI (cm) Y = 0.05x + 4.97 0.115 0.577 

Crop (g) Y = -0.44x + 9.01 0.588 0.131 

Gizzard (g) Y = -1.96x + 41.49 0.749 0.058 

Ileum (g) Y = -0.44x + 10.89 0.404 0.249 

Jejunum (g) Y = -0.16x + 11.68 0.054 0.706 

Caeca (g) Y = -0.15x + 5.62 0.130 0.552 

r2: Coefficient of determination 

P: Probability-value 
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Figure 4.03 Effect of threonine inclusion level on duodenum pH of unsexed indigenous 

Boschveld chickens aged 49 days 

 

 
Figure 4.04 Relationship between threonine inclusion level and GIT lengths of 
unsexed indigenous Boschveld chickens aged 49 days 
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FFigure 4.05 Relationship between threonine inclusion level and ileum lengths of 

unsexed indigenous Boschveld chickens aged 49 days 

 

 
Figure 4.06 Relationship between threonine inclusion level and jejunum lengths of 

unsexed indigenous Boschveld chickens aged 49 days 
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Figure 4.07 Relationship between threonine inclusion level and duodenum lengths of 

unsexed indigenous Boschveld chickens aged 49 days 

 

 
Figure 4.08 Relationship between threonine inclusion level and large intestine lengths 

of unsexed indigenous Boschveld chickens aged 49 days 
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Figure 4.09 Relationship between threonine inclusion level and crop weights of 

unsexed indigenous Boschveld chickens aged 49 days 

 

 
 

  Figure 4.10 Relationship between threonine inclusion level and gizzard weights of 

uunsexed indigenous Boschveld chickens aged 49 days 
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Figure 4.11 Relationship between threonine inclusion level and ileum weights of 

unsexed indigenous Boschveld chickens aged 49 days 

 

 
Figure 4.12 Relationship between threonine inclusion level and jejunum weights of 

unsexed indigenous Boschveld chickens aged 49 days 
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Figure 4.13 The effect of threonine inclusion level on duodenum weights of unsexed 

indigenous Boschveld chickens aged 49 days 

 

 
Figure 4.14 Relationship between threonine inclusion level and caeca weights of 

unsexed indigenous Boschveld chickens aged 49 days. 

 

Y = 2.21 + 0.96x + -0.06x2 
r2 =0.300 

 

D
u

o
d

en
u

m
 (

g)
 

 

Y = -0.15x + 5.62 
r2 = 0.054 

 
 
 
 
 
 

C
ae

ca
 (

g)
 

 



 

38 
 

4.2 Experiment 2 

Results of the nutrient composition of the experimental diets are presented in Table 

4.07. The experimental diets were isocaloric and isonitrogenous, but with different 

threonine levels. All the diets contained 20% crude protein and 17 MJ of energy per 

kg DM as recommended by NRC (1994) for indigenous chickens in grower phase. 

Thus, any difference in response should be due to dietary threonine level. 

 

Table 4.07 Diet composition (% except MJ/kg DM for energy and g/kg DM for 

threonine) for Experiment 2 

Treatment# 

Nutrient ATM4 ATM7.5 ATM8 ATM8.5 ATM9 

DM 90.34 90.34 90.34 90.34 90.34 

CP 20 20 20 20 20 

Energy 17 17 17 17 17 

ADF 5 5 4.63 5.38 5.81 

NDF 17.04 17.4 17 17.3 17.1 

Fat 4.51 4.95 5.37 5.46 5.23 

Ash 6.45 6.77 6.66 6.62 6.32 

Ca 1.01 1.02 1.01 1.00 1.01 

Threonine  4 7.5 8 8.5 9 

ATM: Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were dietary threonine levels of 4, 7.5, 8.0, 8.5 or 

9.0 g/kg DM of feed)  

 

Results on the effect of threonine inclusion levels on feed intakes (g DM/bird/day), 

BWGs (g/bird/day), and FCR (g feed intake/g BWG) of male indigenous Boschveld 

chickens aged 50-91 days are presented in Table 4.08. Threonine inclusion levels had 

the effect (p<0.05) on feed intakes, BWG, and FCR of male indigenous Boschveld 

chickens aged 50-91 days. 

 

Male indigenous Boschveld chickens on a diet having 4, 8 and 8.5 g threonine per kg 

DM had higher (p<0.05) feed intakes than those on diets containing 7.5 or 9 g of 

threonine per kg DM. However, chickens fed diets containing 7.5 and 9 g of threonine 

per kg DM had similar (p>0.05) feed intakes. Furthermore, chickens fed diets 

containing 4, 8 and 8.5 g of threonine per kg DM had similar (p>0.05) feed intakes. 
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Male indigenous Boschveld chickens on a diet containing 4, 7.5, 8 and 8.5 g of 

threonine per kg DM had heavier (p<0.05) BWGs than those fed diets having 9 g of 

threonine per kg DM. However, male chickens fed diets containing 4, 7.5, 8 or 8.5 g of 

threonine per kg DM had similar (p>0.05) BWGs. 

 

Male indigenous Boschveld chickens on a diet having 7.5 g of threonine per kg DM 

had lower (p<0.05) FCR values than those on diets having 7.5, 8, 8.5 and 9 g of 

threonine/kg DM. Similarly, male chickens fed a diet having 4 g of threonine per kg DM 

had higher (p>0.05) FCR values than those on diets having 7.5, 8, 8.5 and 9 g of 

threonine/kg DM. However, unsexed chickens fed diets having 4, 8 and 8.5 g of 

threonine per kg DM had similar (p>0.05) FCR values. 

 
Body weight gain (g/bird/day) and FCR (g feed intake/g BWG of male indigenous 

Boschveld chickens aged 91 days were optimized (r2= 0.366, 0.479) at threonine 

inclusion levels of 6.12 and 6.82 f(Figures 4.16, 4.17, respectively and Table 4.09). 

The negative relationship was observed between threonine inclusion level and feed 

intake (g DM/bird/day) (r2 = 0.281) of male indigenous Boschveld chickens aged 50-

91 days (Figure 4.15 and Table 4.09). 
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Table 4.08 Effect of threonine inclusion levels on feed intake (g DM/bird/day), body weight gain (g/bird/day), and feed conversion 

ratio (g feed intake/g body weight gain) of male indigenous Boschveld chickens aged 50-91 days 

Variable   Treatment   P-Value 

 ATM4 ATM7.5 ATM8 ATM8.5 ATM9  

FI 140.98a±0.995 111.72b±0.104 135.62a±3.605 136.26a±2.074 105.88b±2.315 <.0001 

BWG 22.75a±0.251  23.43a±0.485  23.46a±0.098  23.70a±0.346 19.77b±0.101 <.0001 

FCR 6.20a±0.095 4.77c±0.095 5.78ab±0.175 5.75ab±0.171 5.35bc±0.094 0.0002 

a, b, c : Means in the same row not sharing a common superscript are significantly different (P<0.05) 

ATM: Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were dietary threonine levels of 4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed). 

Variables: Values presented as mean ± standard error (SE) 
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Table 4.09 Threonine inclusion levels for optimal feed intake (g DM/bird/day) and feed 

conversion ratio (g feed intake/g body weight gain) of male Indigenous Boschveld 

chickens aged 50-91 days 

Factor  Formula  X Y r2 P  

BWG Y = 4.56 + 6.73x + -0.55x2 6.12 25.15 0.634 0.366 

FCR Y = 10.47 + -1.50x + 0.11x2 6.82 5.36 0.479 0.521 

X: Inclusion level for optimal value 

Y: Optimal Y-level 

r2: Coefficient of determination 

P: Probability-value 

 

 
Figure 4.15 The relationship between threonine inclusion level and feed intake (g 

DM/bird/day) of male indigenous Boschveld chickens aged 50-91 days 
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Figure 4.16 Effect of threonine inclusion level on body weight gain of male indigenous 

Boschveld chickens aged 50-91 days 
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Figure 4.17 The relationship between threonine inclusion level and feed conersion 

ratio (g feed intake/bird) of male indigenous Boschveld chickens aged 50-91 days 

 

Results on the effect of threonine inclusion levels on gut organ measurements of male 

indigenous Boschveld chickens aged 91 days are presented in Table 4.10. Threonine 

inclusion levels had no effect (p>0.05) on crop, gizzard, ileum, jejunum, duodenum, 

caeca, and large intestine digesta pH values of indigenous Boschveld chickens. 

Similarly, threonine inclusion levels had no effect (p>0.05) on GIT, ileum, duodenum, 

jejunum, and caecum lengths of male indigenous Boschveld chickens aged 91 days. 

However, threonine inclusion levels had effect (p<0.05) on large intestine lengths of 

indigenous Boschveld chickens. Male indigenous Boschveld chickens on diets 

containing 7.5 and 8 g of threonine/kg DM had longer (p<0.05) large intestine than 

those on diets having compared to those fed diets containing 8.5 and 9 g threonine 

per kg DM. However, male chickens fed diets having 7.5 and 8 g of threonine per kg 

DM had similar (p>0.05) large intestine lengths. 
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Table 4.10 Effect of threonine inclusion levels on gut organ pH, lengths (cm) and 

weights (g) of male indigenous Boschveld chickens aged 91 days   

Variables   Treatment                   P-Value 

 ATM4 ATM7.5                       ATM8   ATM8.5             ATM9  

Gut organ digesta pH 

Crop 7.00 ±0.106 7.23±0.125 7.08±0.037 7.08±0.081 6.94±0.166 0.1497 

Gizzard 7.22±0,018 7.11±0.080  7.16±0.088 7.19±0.018  7.24±0.051  0.4034 

Ileum 7.09±0.101 6.97±0.222 7.04±0.152 6.99±0.202  7.07±0.122  0.7359 

Jejunum 6.81±0.010 6.86±0.059 6.85±0.160 6.82±0.099  6.84±0.058  0.9824 

Ddm 7.03±0.098 6.94±0.206  6.98±0.230 6.96±0.296 7.13±0.049 0.1942 

Caeca 7.26±0.191 7.22±0.245 7.39±0.173 7.22±0.023 7.28±0.110 0.9400 

LI 7.17±0.102 7.37±0.119    7.11±0.162      7.07±0.201 7.09±0.182 0.0794 

Gut organ lengths (cm) 

GIT 143.83±2.720 147.30±6.724 138.97±7.277 143.63±2.617 150.27±4.024 0.5336 

Ileum 53.40±1.297 53.40±1.297 53.47±1.934 52.30±2.397 55.10±0.404 0.6134 

Jejunum 53.33±1.982 53.67±5.980 51.80±5.184 52.57±5.636 56.07±1.049 0.3328 

Ddm 22.27±0.795 23.50±0.436 21.57±1.494 23.20±0.231 23.17±0.884 0.3862 

Caeca 32.30±1.471 33.20±1.650 32.87±1.934 33.93±0.698 35.07±1.300 0.6331 

LI 6.17ab±0.318 6.87a±0.033 6.30a±0.173 5.00c±0.058 5.40bc±0.173 0.0002 

Gut organ weights (g) 

Crop 14.10b±0.866 16.60a±1.443 12.40c±1.375 11.50d±0.764 10.17e±0.088 0.0046 

Gizzard 54.17±2.107 48.77±4.140 49.00±3.910 54.67±1.761 46.37±6.540 0.0750 

Ileum  16.67±0.644 18.03±0.717 16.83±0.921 15.67±1.644 16.10±1.229 0.4090 

Jejunum 22.40ab±1.212 24.07a±1.415 20.77ab±0.426 19.50b±0.231 21.87ab±0.841 0.0551 

Ddm  11.90±0.293 11.43±0.774 11.33±0.864 11.37±0.824 12.87±0.677 0.1797 

Caeca 8.53±0.565 9.40±0.306 8.93±0.968 7.90±1.195 9.20±0.289 0.3979 

LI 2.17±168 2.37±0.033 1.50±0.838 1.77±0.165 2.10±0.238 0.2572 

a, b, c, : Means in the same row not sharing a common superscript are significantly different (P<0.05) 

ATM: Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were dietary threonine levels of 4, 7.5, 8.0, 8.5 or 

9.0 g/kg DM of feed)  

Variables: Values presented as mean ± standard error (SE) 

P-value: Probability value 

 

Threonine inclusion levels had no effect (p>0.05) on gizzard, ileum, duodenum, 

caecum, and large intestine weights of male indigenous Boschveld chickens aged 91 

days. However, threonine inclusion levels had effect (p<0.05) on crop and jejunum 
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weights of indigenous Boschveld chickens. Male indigenous Boschveld chickens on 

diets containing 7.5 g of threonine/kg DM had heavier (p<0.05) crop weights than other 

dietary treatments. Male chickens fed diets containing 9 g threonine per kg DM had 

the lowest (p<0.05) crop weight.  

 

Male indigenous Boschveld chickens on a diet containing 7.5 g of threonine per kg DM 

had heavier (p<0.05) jejunum compared to those on diets containing 8.5 g threonine. 

However, male chickens fed diets having 4, 7.5, 8 and 9 g of threonine per kg of DM 

had similar (p>0.05) jejunum weights. Furthermore, male chickens fed diets having 4, 

8, 7.5 and 9 g of threonine/kg DM had similar(p>0.05) jejunum weights.  

 

Thie large intestine lengths, crop, and jejunum weights were optimized (r2=0.700, 

0.831 and 0.238, respectively) at dietary threonine inclusion levels of 6.08, 5.95, and 

5.66, respectively (Figures 4.18 to 4.20, respectively and Table 4.11). 

 

Table 4.11 Threonine meal inclusion levels for optimal gut organ lengths and weights 

of indigenous Boschveld chickens aged 91 days 

Factor  Formula  X Y r2 P  

LI (cm) Y = -1.61 + 2.92x + -0.24x2 6.08 7.27 0.700 0.300 

Crop (g) Y = -12.40 + 10.00x + -0.84x2 5.95 17.36 0.831 0.169 

Jejunum (g) Y = 14.88 + 2.92x + -0.26x2 5.66 23.08 0.238 0.762 

X: Inclusion level for optimal value 

Y: Optimal Y-level 

r2: Coefficient of determination 

P: Probability 
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Figure 4.18 Effect of threonine inclusion level on large intestine lengths of male 

indigenous Boschveld chickens aged 91 days 

 

Y = -1.61 + 2.92x + -0.24x2 
r2 =0.700 
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Figure 4.19 Effect of threonine inclusion level on crop weights of male indigenous 

Boschveld chickens aged 91 days. 

 

Y = -12.40 + 10.00x + -0.84x2 
r2 =0.831 
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Figure 4.20 Effect of threonine inclusion level on jejunum weights of male indigenous 

Boschveld chickens aged 91 days 

 

Results on the effect of threonine inclusion levels on meat part weights of male 

indigenous Boschveld chickens aged 91 days are presented in Table 4.12. Threonine 

inclusion levels had effect (p<0.05) on carcass, thigh, drumstick, breast, and 

abdominal fat weight of male indigenous Boschveld chickens aged 91 days. Male 

indigenous Boschveld chickens on diets having 9 and 8.5 g threonine per kg DM had 

heavier (p<0.05) carcass weights than those on diets having 4 and 7.5 g threonine per 

kg DM. Similarly, male chickens on diets having 8 and 7.5 g threonine per kg DM had 

heavier (p<0.05) carcass weights than those on diets having 4 g of threonine per kg 

DM. However, chickens fed diets having 9, 8.5 and 8 g of threonine/kg DM similar 

(p>0.05) carcass weights. Similarly, male chickens on diets having 7.5 and 8 g of 

threonine per kg DM had the same (p>0.05) carcass weights. 

 

Male indigenous Boschveld chickens on diets containing 8.5 g of threonine per kg DM 

had heavier (p<0.05) thighs than other dietary treatments while those on 4 g threonine 

Y = 14.88 + 2.92x + -0.26x2 
r2 =0.238 
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had the lowest (p<0.05) thigh weight. However, male chickens fed diets having 7.5, 8 

and 9 g of threonine/kg DM had similar (p>0.05) thigh weights. 

 

Male indigenous Boschveld chickens on a diet having 9 g of threonine/kg DM had 

heavier (p<0.05) drumstick weights than their counterparts on diets containing 4, 7.5, 

8 and 8.5 g of threonine/kg DM. Male chickens fed diets containing 8, 8.5 and 7.5 

threoine kg per DM had heavier (p<0.05) drumstick weights compared those on a diet 

having 4 g of threonine/kg DM. However, chickens fed on diets having 7.5, 8 and 8.5 

g of threonine per kg DM had similar (p>0.05) drumstick weights. 

 

Male indigenous Boschveld chickens on a diet having 9 g of threonine/kg DM had 

heavier (p<0.05) breast weights than other dietary treatments. On the other hand, 

chickens on diets containing 8 g threonine per kg DM had the lowest (p<0.05) breast 

weight compared to their counterparts. Furthermore, male chickens on a diet 

containing 8.5 g of threonine/kg DM had heavier (p<0.05) breast weights than those 

on diets having 4, 7.5 and 8 g of threonine/kg DM. Male chickens on a diet containing 

4 g of threonine/kg DM had heavier (p<0.05) breast weights than those on diets having 

7.5 and 8 g of threonine/kg DM. Similarly, male chickens on a diet containing 7.5 g of 

threonine/kg DM had heavier (p<0.05) breast weights than those on a diet having 8 g 

of threonine/kg DM. 

 

Male indigenous Boschveld chickens on a diet having 7.5 g of threonine/kg DM had 

heavier (p<0.05) abdominal fat weights than those on diets containing 4, 8 and 8.5 g 

of threonine/kg DM. However, male chickens fed on diets having 7.5 and 9 g of 

threonine per kg DM had similar (p>0.05) abdominal fat weights. Similarly, male 

chickens on diets containing 8 and 9 g of threonine/kg DM had heavier (p<0.05) 

abdominal fat weights than those on diets having 4 and 8.5 g of threonine/kg DM. 

Similarly, male chickens fed on diets having 8 or 9 g of threonine per kg DM had the 

same (p>0.05) abdominal fat weight.Again, birds fed diets containing 4 and 8.5 g 

threonine per kg DM had similar abdominal fat weight. 
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Table 4.12 Effect of threonine inclusion levels on meat part weights (g) of male indigenous Boschveld chickens aged 91 days 

Variable   Treatment   P-Value 

 ATM4  ATM7.5 ATM8 ATM8.5 ATM9  

Carcass 936.67c±15.502 1056.77b±23.527 1117.60ab±60.456 1138.77a±35.940 1188.50a±21.939 0.0046 

Thigh 62.90c±0.058 75.70b±1.552 75.67b±2.396 82.67a±0.088 77.30b±0.577 <.0001 

Drumstick 70.30c±1.155 76.53b±1.795 75.07b±3.320 77.30b±0.866 82.03a±0.371 0.0138 

Breast 166.57c±0.145 164.20d±2.223 148.07e±4.474 172.17b±1.241 191.57a±1.588 <.0001 

Abdominal fat 12.17c±0.376 19.00a±1.443 16.00b±0.577 12.00c±0.751 16.67ab±1.819 0.0055 

a, b, c, d e: Means in the same row not sharing a common superscript are significantly different (P<0.05) 

ATM: Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were dietary threonine levels of 4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed)  

Variables: Values presented as mean ± standard error (SE) 
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Positive relationships were observed between threonine inclusion level and carcass, 

thigh, drumstick, and breast weights (r2 = 0.947, 0.870, 0.801, and 0.078, respectively) 

of male indigenous Boschveld chickens aged 91 days (Figures 4.21 to 4.24, 

respectively and Table 4.13). Abdominal fats of male indigenous Boschveld chickens 

aged 91 days were optimized (r2= 0.396) at a threonine inclusion level of 6.87 g/kg DM 

of the diet (Figure 4.25). 

 

Table 4.13 Relationships between threonine inclusion level and meat parts weight of 

male indigenous Boschveld chickens aged 91 days 

Factor  Formula  r2 Probability  

Carcass (g) Y = 47.50x + 736.14 0.947 0.005 

Thigh (g) Y = 3.42x + 49.52 0.870 0.021 

Drumstick (g) Y = 1.91x + 62.13 0.801 0.040 

Breast (g) Y = 2.22x + 152.10 0.078 0.648 

r2: Coefficient of determination 

 

 
Figure 4.21 The relationship between threonine inclusion level and carcass weights 

of male indigenous Boschveld chickens aged 91 days 

 

Y = 47.50x + 736.14 
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Figure 4.22 The relationship between threonine inclusion level and thigh weights of 

male indigenous Boschveld chickens aged 91 days 

 

 
Figure 4.23 The relationship between threonine inclusion level and drumstick weights 

of male indigenous Boschveld chickens aged 91 days 
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Figure 4.24 The relationship between threonine inclusion level and breast weights of 

male indigenous Boschveld chickens aged 91 days 

 

 

FFigure 4.25 Effect of threonine inclusion level on abdominal fat weights of male 

indigenous Boschveld chickens aged 91 days 
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Results on the effect of threonine inclusion levels on breast colour and pH values of 

male indigenous Boschveld chickens aged 91 days are presented in Table 4.14. 

Threonine inclusion levels had effect (p<0.05) on breast L*(lightness), a*(redness), 

b*(yellowness), C*(chroma) and h (hue angle) of male indigenous Boschveld chickens 

aged 91 days. However, threonine inclusion levels had no effect (p>0.05) on breast 

pH. 

 

Male indigenous Boschveld chickens on diets having 8 and 8.5 g of threonine per kg 

DM had lighter (p<0.05) breasts than those on diets having 9, 7.5 and 4 g of 

threonine/kg DM. However, chickens fed diets containing 8 and 8.5 g threonine had 

similar (p>0.05) breast colour. Male chickens on a diet having 9 g of threonine per kg 

DM had lighter (p<0.05) breasts than those on diets having 7.5 and 4 g of threonine/kg 

DM. Similarly, male chickens on a diet having 7.5 g of threonine per kg DM had lighter 

(p<0.05) breasts than those on a diet containing 4 g of threonine/kg DM. 

 

Male indigenous Boschveld chickens on a diet having 4 g of threonine/kg DM had 

higher (p<0.05) breast redness values than other dietary treatments. Male chickens 

on a diet having 9 g of threonine/kg DM had higher (p<0.05) breast redness values 

than those on diets containing 7.5, 8 and 8.5 g of threonine/kg DM. Male indigenous 

Boschveld chickens on a diet containing 7.5 g of threonine/kg DM had higher (p<0.05) 

breast redness values than those on diets having 8 and 8.5 g of threonine/kg DM. 

Similarly, male chickens on a diet containing 8 g of threonine/kg DM had higher 

(p<0.05) breast redness values than those on a diet having 8.5 g of threonine/kg DM. 

Chickens fed diets containing 8 g threonine per kg DM had lower (p<0.05) redness 

values than other treatments). 

Male indigenous Boschveld chickens on a diet containing 4 g of threonine/kg DM had 

higher (p<0.05) breast yellowness values than other treatments. Male chickens on a 

diet having 7.5 g of threonine/kg DM had higher (p<0.05) breast yellowness values 

than those on diets containing 8, 8.5 and 9 g of threonine/kg DM. Male indigenous 

Boschveld chickens on a diet containing 8 g of threonine/kg DM had higher (p<0.05) 

breast yellowness values than those on diets having 8.5 and 9 g of threonine/kg DM. 

Similarly, male chickens on a diet containing 9 g of threonine/kg DM had higher 

(p<0.05) breast yellowness values than those on a diet having 8.5 g of threonine/kg 
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DM. In this study, chickens fed diets containing 8.5 g threonine/kg DM had lower 

(p<0.05) yellowness values than other treatments. 
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Table 4.14 Effect of threonine inclusion levels on breast colour and pH of male indigenous Boschveld chickens aged 91 days 

Variable   Treatment   P-Value 

 ATM4 ATM7.5 ATM8 ATM8.5 ATM9  

Lightness 52.24d±0.557 56.39c±0.159 65.91a±0.465 65.96a±0.537 61.68b±0.958 <.0001 

Redness 6.83a±0.156 4.81c±0.081 3.98d±0.087 3.80e±0.023 6.24b±0.062 <.0001 

Yellowness 12.21a±0.167 11.43b±0.240 8.50c±0.256 5.53e±0.095 7.95d±0.225 <.0001 

Chroma 14.04b±0.228 12.51c±0.167 9.98e±0.274 14.82a±0.032 11.50d±0.427 <.0001 

Hue angle 60.87d±0.566 64.78b±0.502 58.49e±0.286 72.58a±1.316 62.57c±0.828 <.0001 

Breast pH 6.87±0.067 6.80±0.058 6.87±0.067 6.77±0.033 6.80±0.058 0.6712 

a, b, c, d, e : Means in the same row not sharing a common superscript are significantly different (P<0.05) 

ATM: Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were dietary threonine inclusion levels of 4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed)  

Variables: Values presented as mean ± standard error (SE) 
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Male indigenous Boschveld chickens on a diet containing 8.5 g of threonine/kg DM 

had higher (p<0.05) breast chroma values than those on diets having 4, 7.5, 8 and 9 

g of threonine/kg DM. Male chickens on a diet having 4 g of threonine/kg DM had 

higher (p<0.05) breast chroma values than those on diets containing 7.5, 8 and 9 g of 

threonine/kg DM. Male indigenous Boschveld chickens on a diet containing 7.5 g of 

threonine/kg DM had higher (p<0.05) breast chroma values than those on diets having 

8 and 9 g of threonine/kg DM. Similarly, male chickens on a diet containing 9 g of 

threonine/kg DM had higher (p<0.05) breast chroma values than those on a diet having 

8 g of threonine/kg DM. Chickens fed 8 g threonine per kg DM had lower (p<0.05) 

chroma values compared to other dietary treatments. 

 

As is the case with chroma, male Boschveld chickens on a diet containing 8.5 g of 

threonine/kg DM had higher (p<0.05) breast hue angle values than those on diets 

having 4, 7.5, 8 and 9 g of threonine/kg DM. Male chickens on a diet having 7.5 g of 

threonine/kg DM had higher (p<0.05) breast hue angle values than those on diets 

containing 4, 8 and 9 g of threonine/kg DM. Male indigenous Boschveld chickens on a 

diet containing 9 g of threonine/kg DM had higher (p<0.05) breast hue angle values 

than those on diets having 4 and 8 g of threonine/kg DM. Similarly, male chickens on 

a diet containing 4 g of threonine/kg DM had higher (p<0.05) breast hue angle values 

than those on a diet having 8 g of threonine/kg DM. Breast meat from birds fed 8 g 

threonine/kg DM had lower hue values compared to other treatments. 

 

A positive relationship was observed between threonine inclusion level and breast 

lightness and hue angle (r2 = 0.659 and 0.116, respectively) of male indigenous 

Boschveld chickens aged 91 days (Figure 4.26, 4.30, respectively and Table 4.15). 

However, negative relationships were observed between threonine inclusion level and 

breast redness, yellowness and chroma (r2 = 0.585, 0.333 and 0.142 and, respectively) 

of male indigenous Boschveld chickens aged 91 days (Table 4.15 and Figures 4.27, 

4.28 and 4.29, respectively). 
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Table 4.15 Relationships between threonine inclusion level and breast colour of male 

indigenous Boschveld chickens aged 91 days 

Factor  Formula  r2 Probability  

L* (lightness) Y = 2.47x + 42.14 0.659 0.095 

b* (yellowness) Y = -1.05 + 16.89 0.585 0.132 

a* (redness) Y = -0.39x + 8.05 0.333 0.308 

C* (chroma) Y = -0.37x + 15.30 0.142 0.532 

h (hue angle) Y = -0.93x + 56.99 0.116 0.575 

r2: Coefficient of determination 

 
 

Figure 4.26 The relationship between threonine inclusion level and breast lightness of 

male indigenous Boschveld chickens aged 91 days 

Y = 2.47x + 42.14 
r2 =0.659 
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Figure 4.27  The relationship between threonine inclusion level and breast redness of 

male indigenous Boschveld chickens aged 91 days 

 

 
 

Figure 4.28 The relationship between threonine inclusion level and  breast yellowness 

of male indigenous Boschveld chickens aged 91 days 
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r2 =0.333 
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Figure 4.29  The relationship between threonine inclusion level and breast chroma of 

male indigenous Boschveld chickens aged 91 days 

 

Y = -0.37x + 15.30 
r2 =0.142 
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Figure 4.30 The relationship between threonine inclusion level and breast hue angle 

of male indigenous Boschveld chickens aged 91 days 

 
Results on the effect of threonine inclusion levels on meat sensory attributes, and 

cooking loss of male indigenous Boschveld chickens aged 91 days are presented in 

Table 4.16.  Threonine inclusion levels had effect (p<0.05) on breast meat tenderness. 

However, threonine inclusion levels in a diet had no effect (p>0.05) on Boschveld 

chicken meat juiciness, flavour, overall acceptability, and cooking loss values. Male 

indigenous Boschveld chickens on diets having 8.5 and 9 g of threonine/kg DM had 

higher (p<0.05) meat tenderness values than those on diets having 8, 7.5 and 4 g of 

threonine per kg DM. Chickens on diets containing 8 and 7.5 g threonine/kg DM had 

higher (p<0.05) meat tenderness values than those on diets having 4 g of threonine 

per kg DM. However, male chickens on diets having 8.5 and 9 g of threonine/kg DM 

had similar (p>0.05) meat tenderness values. Similarly, male chickens on diets having 

7.5 and 8 g of threonine/kg DM had the same (p>0.05) meat tenderness values. Birds 

fed 4 g threonine had the lowest (p<0.05) tenderness values than other dietary 

treatments. 

Y = 0.93x + 56.99 
r2 =0.116 
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Table 4.16 Effect of threonine inclusion levels on meat sensory attributes, and cooking loss of male indigenous Boschveld chickens 

aged 91 days 

Variable   Treatment   P-Value 

    ATM4      ATM7.5    ATM8    ATM8.5   ATM9  

Tenderness 2.33c±0.333 3.00b±0.000 3.00b±0.000 3.67a±0.333 4.00a±0.000 0.0019 

Juiciness 3.67±0.333 3.33±0.333 3.33±0.333 3.00±0.664 4.00±0.338 0.1466 

Flavour 3.67±0.333 3.33±0.333 3.33±o.333 3.67±0.333 3.67±0.333 0.8714 

Overall acceptability 3.33±0.333 3.33±0.333 3.00±0.338 3.67±0.333 3.67±0.333 0.5121 

Cooking loss 35.82±2.518 32.45±5.921  30.54±8.600  24.89±10.413  32.00±3.753  0.6490 

a, b, c, d : Means in the same row not sharing a common superscript are significantly different (P<0.05) 

ATM: Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were dietary threonine inclusion levels of 4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed)  

Variables: Values presented as mean ± standard error (SE) 

 

  



 

63 
 

A positive relationship was observed between threonine inclusion level and meat 

tenderness values (r2 = 0.799) of male indigenous Boschveld chickens aged 91 days 

(Figure 4.31).  

 
Figure 4.31 The relationship between threonine inclusion level and breast tenderness 

of male indigenous Boschveld chickens aged 91 days 
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CHAPTER FIVE 

 

DISCUSSION, CONCLUSION AND RECOMMENDATIONS 
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5.1. Discussion 

5.1.1 Experiment 1 (Indigenous Boschveld chickens aged one to 49 days). 

Results of the nutrient composition of the experimental diets are presented in Table 

4.01 in Chapter 4 of this thesis. The experimental diets were isocaloric and 

isonitrogenous, but with different threonine levels. All the diets contained 21% crude 

protein and 16 MJ of energy per kg DM as recommended by NRC (1994) for broiler 

chickens at starter phase. Thus, any difference in response should be due to dietary 

threonine level. 

 

Results of the current study indicated that dietary threonine levels had effect on feed 

intake (g DM/bird/day), BWG (g/bird/day), and FCR (g feed intake/g BWG) of unsexed 

indigenous Boschveld chickens aged 1-49 days. Unsexed indigenous Boschveld 

chickens aged 1-49 days fed diets having 8 g of threonine/kg DM had higher feed 

intakes than those on diets having 4, 7.5, 8.5 and 9 g of threonine/kg DM. A negative 

relationship between threonine and feed intake was observed. However, the results of 

the current study are in line with those of Ng’ambi et al. (2017) who observed 

significant differences in feed intakes (g DM/bird/day) of Venda chickens aged 1-49 

days fed diets having threonine inclusion level at 6.218 g/kg DM. Moreover, Samadi 

(2006) observed a significant difference in feed intakes (g DM/bird/day) fed dietary 

threonine level of 7.9 g per kg DM for optimal intake of broiler chickens aged 1 to 21 

days. Thomas (2008) recommended a threonine level of 6.9 g/kg DM for optimal intake 

of broiler chickens aged 14 to 28 days. 

 

Unsexed indigenous Boschveld chickens aged 1-49 days on diets having 9 g of 

threonine/kg DM had heavier BWGs than those on diets having 4, 7.5, 8 and 8.5 g of 

threonine/kg DM. A positive relationship between threonine and BWG was observed. 

The results of the current study are in line with Estalkhzir et al. (2013) who observed 

a significant difference in BWG fed dietary threonine level of 0.0011 g/kg DM of broiler 

Japanese quail from 1 to 35 days old. NRC (1994) recommended a dietary threonine 

level of 8.0 g/kg DM for optimal BWG for broiler chickens aged 1 to 21 days. 

Dietary threonine level of 12.00 g/kg DM optimized FCR of unsexed indigenous 

Boschveld chickens. The current results are in line with NRC (1994). NRC reported a 

significant difference on FCR value in broilers aged 1-21 days and fed dietary 

threonine level of 7.4 g/kg DM. Ng’ambi et al. (2017) observed significant difference 
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on the FCR of unsexed Venda chickens aged 8 to 13 weeks fed dietary threonine level 

of 6.442 g/kg DM. 

 

Results of the current study indicated that dietary threonine levels had no effect on 

crop, gizzard, ileum, jejunum, caeca, and large intestine pH values of unsexed 

indigenous Boschveld chickens aged 49 days. However, the present results showed 

that dietary threonine levels influenced duodenum pH value of unsexed indigenous 

Boschveld chickens aged 49 days. Dietary threonine level of 4.52 g/kg DM optimized 

duodenum pH in unsexed indigenous Boschveld chickens aged 49 days. The current 

results disagree with Ng’ambi et al. (2017) who observed a significant difference in 

proventriculus pH values of unsexed Venda chickens aged 91 days and fed dietary 

threonine level of 5.7 g/kg DM. The authors observed no significant difference at 6.2 

and 5.9 g/kg DM threonine inclusion levels on the small intestines, large intestines, 

and caecum pH values of unsexed Venda chickens aged 91 days. According to Dibner 

(2004), low pH in the proventriculus is required for adequate protein digestion and 

general reduction in bacteria community in the different segments of the gut. Choct 

(2009) reported that high pH in the gut results in the proliferation of pathogenic 

microbiota which is detrimental to both the growth and health of chickens. Ao et al. 

(2008) stated that gut organ pH for chickens varies between 5.5 and 6.5 and changes 

as digesta transit different segments of the GIT. 

 

The present results indicate that threonine inclusion levels had effect on GIT, ileum 

jejunum, duodenum, and large intestine lengths of unsexed indigenous Boschveld 

chickens aged 49 days. However, threonine inclusion levels had no effect on caeca 

lengths of indigenous Boschveld chickens aged 49 days. The difference should be due 

to dietary threonine levels. 

 

Dietary threonine levels did not improve GIT, ileum, jejunum, duodenum lengths of 

unsexed indigenous Boschveld chickens. However, threonine improved large intestine 

lengths of unsexed indigenous chickens aged 49 days. These results are inconsistent 

with Moghaddam et al. (2011) who observed significant differences on optimal gut 

organ lengths of broiler chickens aged 1 to 14 days and fed dietary threonine level of 

8.7 g/kg DM. Ng’ambi et al. (2019) observed significant differences in proventriculus, 

and large intestine weights fed dietary threonine levels of 7.5 and 9.1 g/kg DM of 
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unsexed Ross 308 broiler chickens aged 42 days. NRC (1994) recommended a dietary 

threonine level of 8.0 g/kg DM for optimal gut organ lengths for broiler chickens aged 

1 to 21 days. 

 

Results of the current study indicate that threonine inclusion levels had effect on crop, 

gizzard, ileum jejunum, duodenum, and caeca weights of unsexed indigenous 

Boschveld chickens aged 49 days. However, threonine inclusion had no effect on large 

intestine weights of unsexed indigenous Boschveld chickens aged 49 days. Dietary 

threonine level of 8.00 g/kg DM optimized duodenum weight of unsexed indigenous 

Boschveld chickens. Dietary threonine levels did not improve crop, gizzard, ileum, 

jejunum, and caeca weights of unsexed indigenous Boschveld chickens. The results 

of the current study are in line with Ng’ambi et al. (2019) who observed a significant 

difference in proventriculus weight fed dietary threonine level of 7.5 g/kg DM of 

unsexed broiler chickens aged 42 days. Similarly, Ngomani et al. (2019) observed a 

significant difference in large intestine weights fed dietary threonine levels of 9.1 g/kg 

DM of unsexed broiler chickens aged 42 days. Moreover, El-Faham et al. (2017) 

observed significant differences in optimal gut organ weights fed threonine level of 8.7 

g/kg DM of broiler chickens aged 21 to 42 days. 

 

5.1.2 Experiment 2 (Indigenous Boschveld chickens aged 50 to 91 days). 

 

The current results indicate that threonine inclusion levels had effect on feed intake (g 

DM/bird/day), BWG (g/bird/day), and FCR (g feed intake/g BWG) of male indigenous 

Boschveld chickens aged 50-91 days. 

 

Male indigenous Boschveld chickens aged 50-91 days on diets having 4 g/kg threonine 

inclusion level had higher feed intake than those on diets having 7.5, 8, 8.5 and 9 g of 

threonine/kg DM. A negative relationship between threonine level and feed intake was 

observed. The results disagree to the results of Ng’ambi et al. (2017) who observed 

significant differences in feed intake (g DM/bird/day) of Venda chickens aged 1-49 

days fed diets having threonine inclusion level at 6.218 g/kg DM. Moreover, Samadi 

(2006) observed a significant difference in feed intake (g DM/bird/day) of broiler 

chickens aged 1-21 days and fed dietary threonine level of 7.9 g per kg DM for optimal 
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intake. Thomas (2008) recommended a threonine level of 6.9 g/kg DM for optimal 

intake of broiler chickens aged 14 to 28 days. 

 

Dietary threonine level of 6.12 g/kg DM optimized BWG of male indigenous Boschveld 

chickens aged 50-91 days. However, the present results disagree with those of 

Estalkhzir et al. (2013) who observed a significant difference in BWG of broiler 

Japanese quail from 1 to 35 days old and fed dietary threonine level of 0.0011 g/kg 

DM. NRC (1994) recommended a dietary threonine level of 8.0 g/kg DM for optimal 

BWG for broiler chickens aged one to 21 days. 

 

Dietary threonine level of 6.82 g/kg DM optimized FCR of male indigenous Boschveld 

chickens aged 50-91 days. However, the results of the current study are incosistent 

with NRC (1994). NRC found better significant difference on FCR value in broiler 

chickens aged 1 to 21 days and fed dietary threonine level of 7.4 g/kg DM. Moreover, 

Valizade et al. (2016) and Kheiri and Alibeyghi (2017) observed poor FCR value in 

broiler chickens aged 1 to 21 days and fed dietary threonine levels of 8.4 and 9.0 g/kg 

DM. 

 

Results of this study indicate that threonine inclusion levels had no effect on crop, 

gizzard, ileum, jejunum, duodenum, caeca, and large intestine pH values of indigenous 

male Boschveld chickens aged 91 days. These results disagree to the results of 

Ng’ambi et al. (2017) who observed a significant difference on digesta proventriculus 

pH values of male Venda chickens aged 91 days and fed dietary threonine level of 5.7 

g/kg DM. According to Dibner (2004), low pH in the proventriculus is required for 

adequate protein digestion and general reduction in bacteria community in the different 

segments of the gut. Choct (2009) reported that high pH in the gut results in the 

proliferation of pathogenic microbiota which is detrimental to both the growth and 

health of chickens. However, the values in the current study are not within the range 

reported by Ao et al. (2008), who observed that gut organ pH for chickens is ranges 

between 5.5 and 6.5 but changes as digesta transit different segments of the GIT. 

 

Results of the current study indicate that threonine inclusion levels had no effect on 

GIT, ileum, jejunum, duodenum, and caeca lengths of indigenous male Boschveld 

chickens aged 91 days. However dietary threonine inclusion levels had effect on large 
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intestine lengths of male indigenous Boschveld chickens aged 91 days. Male 

indigenous Boschveld chickens on diets having 7,5 g/kg threonine inclusion level had 

longer large intestine lengths than those on diets having 4, 8, 8,5 and 9 g of 

threonine/kg DM. A dietary threonine level of 6.08 g/kg DM optimized large intestine 

lengths of male indigenous Boschveld chickens aged 91 days. However, the results of 

the current study disagree with Moghaddam et al. (2011) who observed a significant 

difference in optimal gut morphology of broiler chickens aged 1 to 14 days and fed 

dietary threonine level of 8.7 g/kg DM. Moreover, NRC (1994) recommended a dietary 

threonine level of 8.0 g/kg DM for optimal gut morphology for broiler chickens aged 1 

to 21 days. Jamroz (2005) posited that longer intestines are assumed to digest feed 

efficiently and provide a greater surface area for nutrient absorption. 

 

Results of the current study indicated that threonine inclusion levels had no effect on 

gizzard, ileum, duodenum, and caeca and large intestine weights of indigenous male 

Boschveld chickens aged 91 days. However, threonine inclusion levels had effect on 

the crop and jejunum weights of indigenous Boschveld chickens. Male indigenous 

Boschveld chickens on diets having 7.5 g/kg threonine inclusion level had heavier crop 

and jejunum weights than those on diets having 4, 8, 8.5 and 9 g of threonine/kg DM. 

Dietary threonine levels of 5.95 and 5.66 g/kg DM, respectively optimized crop, and 

jejunum of male indigenous Boschveld chickens aged 91 days. However, the present 

results disagree to those of El-Faham et al. (2017) who observed significant 

differences in optimal gut organ weights of broiler chickens aged 21 to 42 days and 

fed dietary threonine level of 8.7 g/kg DM. Jamroz (2005) stated that the increase in 

gut organ weight allows broiler chickens to reach a heavier body weight faster 

compared to indigenous chickens. Rezaeipour et al. (2012) observed that the results 

of internal organ weights of broilers at the starter period were not significantly changed 

because of different levels of dietary threonine. 

 

The current results indicate that threonine inclusion levels had effect on the carcass, 

thigh, drumstick, breast, and abdominal fats of male indigenous Boschveld chickens 

aged 91 days. Male indigenous Boschveld chickens on diets having 9 g/kg threonine 

inclusion level had heavier carcass weight than those on diets with 4, 7.5, 8 and 8.5 g 

of threonine/kg DM. Furthermore, the positive relationships between threonine 

inclusion levels and carcass weights were observed. The results of the current study 
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are in line with Lemme (2001) who observed significant differences in optimal carcass 

weight of 42 days old broiler chickens fed threonine level of 7.4 g/kg DM. NRC (1994) 

suggested that a threonine level of 7.4 g/kg DM optimized carcass weight of 42 days 

old broiler chickens. Dozier et al. (2000) reported that increasing dietary threonine level 

of 0.0011 g/kg had no significant difference in carcass yield of broiler chickens. Several 

reports suggest that broiler diets containing more threonine than recommended levels 

improve edible meat percentage. 

 

Male indigenous Boschveld chickens on diets having 9 g/kg threonine inclusion level 

had heavier drumstick than those on diets having 4, 7.5, 8 and 8.5 g threonine/kg DM. 

Furthermore, a positive relationship between threonine inclusion levels and drumstick 

weight were observed. However, the results of the current study are in line with El-

Faham et al. (2017) who observed significant differences in drumstick meat weight of 

broiler chickens aged 21 to 42 days and fed threonine level of 8.7 g/kg DM. Moreover, 

Rezaeipour et al., (2012) and Abbasi et al., (2014) recommended lower dietary 

threonine levels of 7.7 and 7.9 g/kg DM respectively for optimal drumstick meat 

weights of broiler chickens aged 1 to 42 days.  

 

Male indigenous Boschveld chickens on diets having 9 g/kg threonine inclusion level 

had heavier breast weights than those on diets having 4, 7.5, 8 and 8.5 g of 

threonine/kg DM. Furthermore, the positive relationships between threonine inclusion 

levels and breast weight were observed. The results of the current study are in line 

with Kidd et al. (2004) observed a significant difference in optimal breast meat weights 

of broiler chickens aged 21 to 42 days and fed threonine level of 8.7 g/kg DM. 

Moreover, Corzo et al. (2007) recommended a lower dietary threonine level of 7.9 g/kg 

DM for optimal breast meat weight of broiler chickens aged 42 days. Ciftci and Ceylan 

(2004) reported that an increase in dietary threonine content increased the breast meat 

yield of broiler chickens. Similarly, Dozier et al. (2001) found that an increase in dietary 

threonine level increased drumstick weight in female broiler chickens aged 42 to 56 

days. 

 

Male indigenous Boschveld chickens on diets having 8.5 g/kg threonine inclusion level 

had heavier thigh weight than those on diets having 4, 7.5, 8 and 9 g of threonine/kg 

DM. Furthermore, a positive relationship between threonine inclusion levels and thigh 
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meat weight were observed. However, the results of the current study disagree with 

Corzo et al. (2007) and Kidd et al. (2004) who observed significant differences in 

optimal thigh meat weights of broiler chickens aged 21 to 42 days and fed dietary 

threonine levels of 8.6 and 8.7 g/kg DM, respectively. Rezaeipour et al. (2012) 

indicated that NRC recommendations of 0.0012 g/kg threonine level at the starter 

period are enough for optimal thigh weight. 

 

Dietary threonine levels of 6.87 g/kg DM optimized abdominal fat of male indigenous 

Boschveld chickens aged 91 days. However, the results of the current study are 

inconsistent with Moradi et al. (2013) who observed a significant difference in 

abdominal fat of broiler chickens aged 42 days and fed dietary threonine levels of 

0.0011 and 0.00115 g/kg. Hosseinpour et al. (2012) observed that threonine levels of 

0.0009 to 0.0012 g/kg relative to NRC recommendations, had no significant effect on 

abdominal fat of broiler chickens. Corzo et al. (2003; 2009) observed no significant 

difference in abdominal fat of broiler chickens fed dietary threonine at different levels 

of 5.5, 5.7, 6.1 and 6.7 g/kg DM. 

 

The present results indicate that threonine inclusion levels had no effect on the breast 

pH of indigenous Boschveld aged 91 days. However, dietary threonine inclusion levels 

had effect on the meat colour of male indigenous Boschveld chickens aged 91 days. 

In disagreement with the present results, Schiavone et al. (2017) found no differences 

in the pH of the breast meat between the control and the treatment groups that were 

fed threonine level of 5.2 g/kg DM. 

 

The results of the current study disagree to those of Zadeh et al. (2019) who reported 

that 35-day-old Japanese quails fed dietary threonine levels of 6.7 and 8.1 g/kg DM 

had no significant difference in the meat colour. According to Bovera et al. (2016), the 

absence of differences in the meat colour after cooking is very important because 

colour can influence the consumer acceptance of meat. The L* (lightness), a* 

(redness), b* (yellowness) values for all treatments are comparable with the 

characteristics of normal indigenous chicken meat. Normal broiler meat is described 

as meat with lightness values between 50 and 56, whereas dark meat will have less 

than 50 value of lightness and pale meat will have higher than 50 value of lightness  

and the lightness on the breast meat was (44–44.2), redness was (1.07–1.18), 
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yellowness was (0.69–0.78) and chroma was (1.91–1.92) (Van Laack et al., 2000; 

Petraccia et al., 2004). According to Alaa El-Din Ahmed Bekhita (2019), colour of fresh 

meat and its stability can vary widely among species and cuts from the same animal 

due to the differences in anatomical, physiological function, and biochemical 

processes of the muscles where the meat is obtained from. 

 

Results of the current study indicated that dietary threonine levels had an affect on 

tenderness of indigenous Boschveld chickens aged 91 days. However, threonine 

inclusion levels had no effect on juiciness, flavor, overall acceptability, and cooking 

loss of indigenous Boschveld chickens aged 91 days. 

 

Male indigenous Boschveld chickens on diets having 9 g/kg threonine inclusion level 

had a higher tenderness value than those on diets having 4, 7.5, 8 and 8.5 g of 

threonine/kg DM. The positive relationship between threonine inclusion levels and 

tenderness was observed. The results of the current study are in line with Ng’ambi et 

al. (2017) who found significant differences in meat flavour, tenderness, and juiciness 

in indigenous Venda chickens fed dietary threonine levels of 5.977, 6.103 and 5.977 

g/kg DM, respectively. In disagreement with the present results, Ng’ambi et al. (2017) 

observed no effect of dietary threonine levels, ranging from 4 to 8 g/kg DM on meat 

sensory attributes of female Venda chickens aged 50 to 91 days. Threonine plays a 

major role in eliciting the characteristics of juiciness and flavour of foods (Kobayashi 

et al., 2009). Lawrie (2006) identified three compounds (i.e., free glumatic acid, 5’-

inosinic acid and potassium ion) as the taste active components in chicken meat 

extracts. Glutamic and 5’- inosinic acid are favourites among consumers as they 

constitute a characteristic taste of chicken meat (Lawrie, 2006). These findings have 

a lot of implications for ration formulation for slow-growing chickens.  

 

5.2 Conclusion and recommendations 

Indigenous Boschveld chickens aged 1 to 49 days 

Dietary threonine levels of 4, 7.5, 8, 8.5 and 9 g/kg DM used in the current study had 

effect on feed intake, BWG, FCR, duodenum pH values, weights, and lengths of 

unsexed indigenous Boschveld chickens aged one to 49 days. However, feed intake, 

FCR, GIT, ileum, and jejunum lengths, duodenum pH values, and duodenum weights 

were optimized at different threonine levels of 12.00, 0.70 and 8.0 g/kg DM 
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respectively. This means dietary threonine level requirements for indigenous 

Boschveld chickens will depend on the production variable of interest. This has 

implications on ration formulation for broiler chickens. Thus, there is a need for further 

studies on the subject to determine the present findings. 

 

Indigenous Boschveld chickens aged 50 to 91 days 

Dietary threonine levels of 4, 7.5, 8, 8.5 and 9 g/kg DM used in the current study had 

effect on feed intake, BWG, FCR, large intestine lengths, crop and jejunum weights, 

breast meat colour, meat parts weight, tenderness, and abdominal fat of male 

indigenous Boschveld chickens aged 50 to 91 days. However, BWG, large intestine 

lengths, crop, jejunum weights, abdominal fats, and yellowness were optimized at 

different threonine levels of 6.12, 6.08, 5.95, 5.66 and 6.87 g/kg DM, respectively. This 

means that dietary threonine level requirements for indigenous Boschveld chickens 

will depend on the production variable of interest. Additionally, the threonine levels that 

optimized production parameters in this study seem to be higher than those reported 

in the literature. It is possible that dietary threonine requirement levels of the broiler 

chickens line used in the current study may be higher than for those used in the other 

experiments. Therefore, it is recommended that when formulating diets for indigenous 

Boschveld chickens, threonine levels should depend on the parameters of interest and 

breed as broiler chicken lines are constantly being improved through efficient breeding. 
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