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ABSTRACT 

Two experiments were conducted to determine the effect of dietary threonine level on 

production performance and carcass characteristics of Ross 308 broiler chickens. In 

each experiment the diets were isocaloric and isonitrogenous but with different dietary 

threonine levels.The first part of the study determined the effect of dietary threonine 

level on feed intake, growth rate, mortality and carcass characteristics of Ross 308 

broiler chickens aged between Day 1-21. A total of 150 unsexed day-old chicks were 

used in a complete randomized design having 5 treatments (6.4, 7.5, 8, 8.5 and 9g of 

threonine/kg DM feed), replicated three times and having ten chickens per replicate. 

The second part of the study determined the effect of dietary threonine level on feed 

intake, digestibility, growth rate, mortality and carcass characteristics of male Ross 

308 broiler chickens aged between Day 22-42. Seventy-five male chickens were used 

in a complete randomized design having 5 treatments (6.4, 7.5, 8, 8.5 and 9g of 

threonine/kg DM feed), replicated three times and having five chickens per replicate. 

A quadratic regression model was used to determine the optimal productivity of the 

chickens while a General Linear Model (GLM) procedures for the statistical analysis 

of variance was used to detect dietary treatment effects. Where there were significant 

differences (P<0.05), Turkey’s honestly significant difference test (HSD) was used for 

mean separation. 

The chickens were slaughtered at the ages of 21 and 42 days for Experiments 1 and 

2, respectively, following ethical standards as recommended by the University of 

Limpopo Animal Research Ethics Committee (AREC/12/2017: PG). Two chickens per 

replicate for both studies were slaughtered for the determination of carcass 

characteristics (carcass and organ weights, gut organ digesta pH and gastro-intestinal 

length measurements). Dietary threonine levels used in this experiment affected 

(P<0.05) feed intake, growth rate, live weight, metabolisable energy (ME) intake, 

nitrogen retention, feed conversion ratio and gut organ weights and lengths of unsexed 

Ross 308 broiler chickens aged 21 days. Dietary threonine level did not affect (P>0.05) 

diet digestibility. Feed conversion ratio, pH of the proventriculus digesta, gut intestine 

length and caecum length of unsexed broiler chickens were optimized at different 

dietary threonine levels of 9.6, 8.5, 6.6 and 8.4 g/kg DM, respectively. Dietary 

threonine levels had an effect (P<0.05) on feed intake, diet digestibility, metabolizable 
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energy, live weight, proventriculus pH values, GIT length, gut organ and carcass organ 

weights of male Ross 308 broiler chickens between 22 to 42 days of age. 

Proventriculus and large intestine weights were optimized at different dietary threonine 

levels of 7.5 and 9.1 g/kg DM feed, respectively. Dietary threonine level did not affect 

(P>0.05) growth rate, feed conversion ratio of male Ross 308 broiler chickens between 

22 to 42 days of age. 

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

performance of younger broilers (Day 1-21) more than that of older birds (Day 22-42). 

However, production variables were optimized at different dietary threonine levels. 

This has implication on diet formulation for the chickens and no linear response could 

be established. 

Keywords: Threonine, Broiler chickens, Feed intake, Growth rate, Feed conversion 

ratio, Live weight, Carcass characteristics. 
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1.1 BACKGROUND 
There is a global demand for livestock commodities and in particular poultry meat 

(FAO, 2004; Steinfeld et al., 2006). Feed is the backbone of profitable broiler 

production and, on an average, it accounts for about 80-90% of the total cost of 

production (NAFIS 2017). Poultry meat is an important source of protein in the world 

(Boer et al., 2001).  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 on the basis of 

digestible amino acids. The provision of quality protein devoid of any essential amino 

acids deficiency is particularly critical in the early nutrition of young chicks (Dibner, 

2003). In order to maximize performance, poultry diets must contain the correct 

balance of the essential nutrients required to meet the nutritional demand of the 

chicken. Threonine requirement levels for optimal productivity of Ross 308 broiler 

chickens are changing due to breed improvements (Kidd et al., 2004). Thus, there has 

been a lot of improvement in chicken productivity through efficient breeding but 

relatively less on nutrition (Tallentire et al., 2016). Threonine is a major component of 

body protein and plays an important role as a precursor of lysine and serine (NRC, 

1994). These amino acids are essential for growth and meat tenderness (Ojano-

Diranin and Waldroup, 2002). 

1.2 PROBLEM STATEMENT 

Genetic selections of broiler chickens emphasize improvements in growth (Wang et 

al., 2012). However, such improvements have resulted in alterations at the tissue level 

in terms of leaner or fatter carcasses, leading to different nutrient requirements and 

relationships (NRC, 1994). This requires that dietary nutrients match broiler chicken 

requirements for maintenance and tissue accretion in order to obtain optimal 

productivity. Thus, threonine deficiency leads to poor growth and meat tenderness in 

chickens (NRC, 1994). Factors such as dietary crude protein, breed, sex and age of 

the chicken can affect threonine requirements. Results of the effect of dietary 

threonine level on productivity of broiler chickens have been variable and not 

conclusive, varying from 5.8 to 7.9 g/kg DM (NRC, 1994; Wang et al., 2012). 
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1.3 RATIONALE 

Carcass weight and composition of chickens are receiving considerable attention. 

There is emphasis on increasing meat yield, especially breast meat (Wang et al., 

2012). Poultry are not capable of synthesizing threonine de novo which makes it a 

nutritionally essential amino acid (NRC, 1994). According to Zaghari et al. (2011), 

threonine highly affects the development and adequate functioning of broiler chicken 

intestines since it is the main amino-acid in mucins. There is evidence that threonine 

deficiencies lead to poor productivity and increased susceptibility to infection (Richard, 

2005). However, results of the effect of dietary threonine level on productivity of 

chickens have been variable and inconclusive, requirements range from 5.8 to 7.9g/kg 

DM (Kidd and Kerr, 1996).  

Chickens that are fed on a diet with less than the required threonine level have poor 

growth rate, poor feed conversion ratio (FCR) and lower carcass yield (NRC, 1994; 

Kidd et al., 1999; Kidd et al., 2004).  It is, therefore, important to provide sufficient 

amounts of threonine for improved Ross 308 chicken breeds to support the needs of 

tissue maintenance and accretion while minimising any excesses (Rehman et al., 
2012).  

1.4 Aim 

The aim of this study was to determine dietary threonine levels for optimal productivity 

and carcass characteristics of Ross 308 broiler chickens. 

1.5 Objectives 
The objectives of this study were to determine: 

i. the effect of dietary threonine level on feed intake, digestibility, growth rate and 

carcass characteristics of Ross 308 broiler chickens aged one to 42 days 

ii. dietary threonine levels for optimal responses in feed intake, growth rate and 

carcass characteristics of Ross 308 broiler chickens aged one to 42 days to 

dietary threonine level. 

1.6 Hypotheses 

i. Dietary threonine level had effect on feed intake, growth rate, digestibility and 

carcass characteristics of Ross 308 broiler chickens aged one to 42 days. 
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ii. There are no optimal responses in feed intake, digestibility and carcass 

characteristics of Ross 308 broiler chickens aged one to 42 days to dietary 

threonine level. 
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2.1 Introduction  

Genetic selection of broiler chickens emphasizes improvements in growth (Wang et 

al., 2012). However, such improvements have resulted in alterations at the tissue level 

in terms of leaner or fatter carcasses, leading to different nutrient requirements (NRC, 

1994). This requires that dietary nutrients match broiler chicken requirements for 

maintenance and tissue accretion in order to obtain optimal productivity. Threonine is 

a major component of body protein and plays an important role as a precursor of lysine 

and serine (NRC, 1994). These amino acids are essential for growth and meat 

tenderness (Ojano-Diranin and Waldroup, 2002). Factors such as dietary crude 

protein, breed, sex and age of the chicken can affect the threonine requirements. 

Results of the effect of dietary threonine level on productivity of broiler chickens have 

been variable and not conclusive, varying from 5.8 to 7.9 g/kg DM (NRC, 1994; Wang 

et al., 2012). 

2.2. Broiler chicken production 

There is a global demand for livestock commodities and poultry meat (FAO, 2004; 

Steinfeld et al., 2006). Chickens are the most abundant and widely kept livestock 

species in the world (Moreki et al., 2010). Chickens have the advantages of having 

quick returns on investment and relatively simple management practices with 

numerous market outlets for their products. Ndirangu et al. (2010), indicated that 

poultry contributes to farmers' income. In low-income developing countries, such as 

South Asia and sub-Saharan Africa, meat is less frequently consumed and less often 

available as a protein source in diets (FAO, 2012). A survey showed that 34% of the 

population in South Asia and 59% of the population in sub-Saharan Africa obtained 

their energy from staple foods such as cereals, grain legumes and starchy roots (Smith 

and Wiseman, 2007). Some of these staple foods are deficient in the essential amino 

acids that are required by human beings, for example lysine, threonine, sulphur-

bearing amino acids (methionine and cysteine), and occasionally tryptophan, which 

may lead to protein deficiency (Juliano, 1993). 

Poultry meat, is currently one of the best sources of animal protein for low-income 

populations because it is an affordable and accessible source of protein with low fat 

content and limited religious restrictions (Smith and Wiesman, 2007; Association of 

Poultry Processors and Poultry Trade in the EU (AVEC), 2016). As a result, the global 
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consumption of poultry meat is greater than that of other animal species (Belova et al., 

2012; Pandurevic et al., 2014; Rural Industries Research and Development 

Corporation (RIRDC), 2014). In addition, growth of the poultry industry in developing 

countries provides opportunities for employment and improves the economy (Smith 

and Wiseman, 2007). 

In sub-Saharan Africa, the largest producer of chicken meat is South Africa with a 

consumption of 37.47 kg per capita per year in 2014 (South African Poultry Association 

(SAPA), 2016). The dominance of chicken meat in the South African meat market is 

due to similar factors to those driving chicken demand globally and the price of chicken 

meat is generally lower than that of other animal species (Department of Agriculture, 

Forestry and Fisheries (DAFF), 2013).  

2.3 Nutritional requirements of broiler chickens 

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

within 5 weeks (Choct, 2009). Genetic selection and a nutritionally balanced diet are 

the main drivers of the faster growth of broilers (Havenstein et al., 2003). Nutrient 

recommendations for broiler feeds are usually appropriate to maximize growth. 

However, optimum dietary amino acid levels change with the production goal, such as 

the optimization of growth, breast meat yield, or feed conversion. For instance, 

optimum amino acid levels for breast meat production have proved to be higher 

compared with those for the whole carcasses or weight gain and seem to also be 

dependent on broiler chicken genetics (Schutte and Pack, 1995). According to 

McDonald et al. (2011), nutrition plays a vital role in influencing growth in livestock. 

Carbohydrates, fats and proteins that the chicken utilizes as sources of energy are 

essential requirements for growth. Feed formulation based on digestible amino acids 

has been shown to increase weight gain and feed intake and improve body 

composition in broiler chickens (Rostagno et al., 1995). Reduction in dietary protein 

levels is known to reduce chicken’s performance, meat yields (Temim et al., 1999) and 

immune responses (Rama Rao et al., 1999) in chickens. Excess or imbalanced protein 

is reported to increase the dietary requirement of threonine, which helps in uric acid 

synthesis as a precursor for glycine (Baker 1985).  

Kidd and Kerr (1996) and Hussein et al. (2001) reported that threonine is the most 

limiting amino acid in low crude protein broiler chicken diets since threonine 
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requirement depends on crude protein content of the diet (Ciftci and Ceylan, 2004). 

The beneficial effects of threonine supplementation to low protein diets may vary 

compared to the optimal protein diets. Information on the effects of threonine 

supplementation to low crude protein diets on performance, carcass yields (Mack et 

al., 1999) and immunity (Maroufyan et al., 2010) is very limited. Establishing the 

optimum requirement of threonine in broiler chicken diets will help poultry nutritionists 

to formulate diets that meet the nutrient requirements of these birds. 

There are about 500 types of essential molecules known as amino acids in all living 

organism and 20 of them are genetically encoded (Walsh et al., 2013). Out of these 

20 amino acids, 10 are classified as essential, meaning that they cannot be 

synthesized at all or rapidly enough to meet metabolic requirement, and must be 

supplied in the diets for a maximum growth performance. Out of these 10 essential 

amino acids, methionine and lysine are considered as the first two limiting amino acids 

for broilers (Corzo et al., 2007), whereas threonine is ranked the third limiting amino 

acid (Kidd and Kerr, 1996). Threonine is very important in the synthesis and 

maintenance of animal body proteins and contains 11.7% nitrogen (Kidd and Kerr, 

1996). Threonine requirement of broilers depends on various factors such as age of 

the birds, dietary crude protein level and core ingredients in the diet (Barkley and 

Wallis, 2001). National Research Council (1994) recommended values for total dietary 

threonine were 0.80% for starter (0 to 21 days), 0.74% for grower (22 to 42 days), and 

0.68% for finisher (43 to 56 days) periods. However, all the dietary essential amino 

acids need to be expressed as the percentages of the lysine in the diets (NRC, 1994). 

Strakova et al. (2003) noted that the most important components of poultry meat are 

mainly proteins with a high content of essential amino acids, especially arginine, 

leucine, isoleucine, methionine and valine in comparison to pork and beef meat. 

Methionine, cysteine and threonine are essential for body maintenance for chickens 

aged 6 to 8 weeks and the recommended value is 0.68% for metabolic processes, cell 

synthesis and renewal (Kidd et al., 2004). Threonine is important not only for protein 

deposition, but also for mucin production and digestive processes (Ball et al., 1999). 

Mack et al. (1999) and Kidd (2000) reported that threonine requirement for feed 

conversion is higher than that for weight gain in chickens. 

Table 2.01 Dietary nutrient levels for broiler chickens  
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  Broiler 
Starter 

Broiler 
grower 

Broiler 
finisher 

ME (MJ/kg DM) 12.7 13.2 13.4 
Crude protein (g/kg) 220-250 210-230 190-230 
Digestible amino acids (g/kg) b 
Arginine 13.1 11.4 10.2 
Isoleucine 8.5 7.5 6.7 
Lysine 12.7 11 9.7 
Methionine 4.7 4.2 3.8 
Methionine+Cystine 9.4 8.4 7.6 
Threonine 8.3 7.3 6.5 
Tryptophan 2 1.8 1.6 
Valine 9.5 8.4 7.5 
Major minerals (g/kg) 
Calcium 10.5 9 8.5 
Phosphorus (average) 5 4.5 4.2 
magnesium 3 2.5 2.5 
sodium 2 2 1.8 
potassium 7 6.5 6.5 
Trace minerals (mg/kg; supplementary levels) 
Copper 16 16 16 
Iodine 1.25 1.25 1.25 
Iron 40 40 40 
Manganese 120 120 120 
Zinc 100 100 100 
Selenium 0.3 0.3 0.3 
Vitamins (iu/kg; supplementary levels) a 
A 12 000 10 000 10 000 
D3 5 000 5 000 4 000 
E 75 50 50 
Vitamins (mg/kg; supplementary levels) a 
K 3 3 2 
Thiamin 3 2 2 
Riboflavin 8 6 5 
Choline 1 600 1 500 1 400 
B12 0.016 0.016 0.01 

aSupplementary trace minerals and vitamin levels required differ according to whether 

the basal diet is wheat or maize. 
bFor broilers = True whole tract digestibility and for laying hens = Standardised ileal 

digestibility.  

Source: McDonald et al. (2011) 

 

2.4 Biochemical functions of threonine 
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Besides its utilization for protein synthesis, threonine is involved in other biological 

functions such as the maintenance of gut integrity and immunity. Thus, a deficiency in 

threonine leads also to disorders in the digestive physiology which can increase the 

frequency of digestive problems. As a consequence, threonine requirement varies 

depending on the relative importance of these different functions. It is, therefore, 

important to determine the threonine requirement which corresponds to each 

physiological stage to improve the balance and efficiency of feeds. Threonine 

participates in protein synthesis, and its catabolism generates many products 

important in metabolism (Lemme, 2003). Threonine is an alpha amino acid with the 

chemical formula HO2CCH (NH2) CH (OH) CH3 (Figure 2.1). This essential amino acid 

is classified as polar. Threonine can reside both within the interior of a protein, or on 

the protein surface. Together with serine, threonine is one of the two proteinogenic 

amino acids bearing an alcohol group (Lehninger et al., 2000). Threonine is quite 

common in protein functional centres. The hydroxyl group is fairly reactive, being able 

to form hydrogen bonds with a variety of polar substrates. A common role for threonine 

within intracellular proteins is phosphorylation (Betts and Russell, 2003). Protein 

kinases frequently attach phosphates to threonine in order to facilitate the signal 

transduction processes. 

Threonine can be converted to pyruvate or to alpha-ketobutyrate and eventually to 

succinyl-CoA, suggesting an association with the citric acid cycle (Balch, 2000). It is 

one of the amino acids that can be phosphorylated, which is a major mechanism by 

which cells control various signalling pathways. In addition, it is required for the body 

to synthesize two non-essential amino acids, glycine and serine, both of which play 

important roles in various physiological functions (Lehninger et al., 2000). 

  

Figure 2.1: The structure of threonine (Lehninger et al., 2000) 

 

2.5 The effect of threonine on chicken productivity 

http://ajinomoto-eurolysine.com/amino-acids-nutrition-and-health-maintenance.html
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Threonine is needed for optimal immune response and gastrointestinal mucine 

production (Kidd, 2000). It is reported to improve the live weight gain of heat-stressed 

broiler chickens (Kidd, 2000). Adequate digestible threonine levels are required to 

support optimum growth since it serves an important role as a precursor of lysine and 

serine which are important components of meat (Ojano and Waldroup, 2002). Kidd et 

al. (2004), recommended a dietary digestible threonine requirement of 0.65% to 

achieve optimum weight gain and breast meat weight in boiler chickens aged 3 to 6 

weeks. According to Kidd et al. (2000), dietary threonine requirement for optimum live 

weight and breast meat yield is 0.67% of the diet for male broiler chickens aged 6 to 

8 weeks in a thermos-neutral environment (25 to 32 ℃). Webel et al. (1996), estimated 

the dietary threonine requirement of male broiler chickens aged 6 to 8 weeks to be 

0.60% for optimum live weight gain. Increased dietary threonine level improved 

nitrogen retention in broiler chicks (Dozier, 2001). However, Ojano-Diranin and 

Waldroup (2002) suggested that the modern rapidly growing broiler chicken may have 

threonine requirement greater than the 0.74% that is generally recommended by NRC 

(1994). It can be concluded that threonine requirement values for broiler chickens vary 

greatly.  

Mack et al. (1999) and Kidd (2000) reported that threonine requirement for feed 

conversion is higher than that for weight gain in chickens. For instance, optimum 

amino acid levels for breast meat production have proved to be higher compared with 

those for the whole carcass or weight gain and seem to also be dependent on broiler 

chicken genetics (Schutte and Pack, 1995). There is evidence for broiler chickens that 

adequate threonine levels are needed to support optimum growth rates and meat 

tenderness, and reduce mortality rates (Kidd et al., 1999). Feed formulation based on 

digestible amino acids has been shown to increase weight gain and feed intake and 

improve body composition in broiler chickens (Rostagno et al., 1995).  

Kidd and Kerr (1996) and Hussein et al. (2001) reported that threonine is the most 

limiting amino acid in low crude protein broiler chicken diets. Threonine requirement 

depends on crude protein content in the diet (Ciftci and Ceylan, 2004). The beneficial 

effects of threonine supplementation to low protein diets may vary compared to the 

optimal protein diets. Information on the effects of threonine supplementation to low 

crude protein diets on performance, carcass yields (Mack et al., 1999) and immunity 

(Maroufyan et al., 2010) is very limited. Results of the effect of dietary threonine level 
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on productivity of broiler chickens have been variable and not conclusive; varying from 

5.8 to 7.9 g/kg DM (NRC, 1994; Wang et al., 2012). Establishing the optimum 

requirement of threonine in Ross 308 broiler chicken diets will also help poultry 

nutritionists to formulate diets with optimum economic and ecological benefits.  

Table 2.02 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 Intake Weight gain FCR Breast muscle Authors 

1-3 Weeks - - 0.87 - NRC(1994) 

1-3 Weeks - 0.73 0.77 - Thomas(1986) 

2-4 Weeks 0.69 - - - Thomas(1986) 

2-4 Weeks - - 0.76 - Kid et al. (2004) 

2-6 Weeks - - - 0.79 Corza et al. (2007) 

3-6 Weeks - 0.65 - 0.65 Kidd et al. (2004) 

4-5 Weeks 0.74 0.74 0.74 - NRC(1994) 

4-6 Weeks - 0.75 0.75 0.75 Kidd and 

Kerr(1997) 

6-7 Weeks - 0.60(Males) - - Webel et al. (1996) 

6-7 Weeks - 0.67(Males) - 0.67 Kidd et al. (2004) 

6-8 Weeks - 0.68 0.68 0.68 NRC(1994) 

 

Growth performance is an essential parameter to evaluate the effectiveness of feed 

offered to broiler chickens. Different environmental conditions, also, influence growth 

performance of broilers, depending on the dietary threonine level (Kidd et al., 2003). 

Threonine is an essential amino acid that promotes normal growth by helping to 

maintain the proper protein balance in the body. It also supports cardiovascular, liver, 

central nervous and immune systems. Threonine helps keep connective tissues and 

muscles, throughout the body, strong and elastic, including the heart (Balch, 2000). 

Threonine, also, has effect on immunity as it plays a major role in achieving maximum 

growth performance of broilers. The immune status of the broilers improves, with an 

improvement in the function of immune organs (Corzo et al., 2007; Zhang et al., 2016). 

Under unhygienic environmental conditions, dietary threonine requirements are 



13 
 

increased to sustain the maintenance necessities in the gut mucosa (Corzo et al., 

2007) and to enhance immunity (Bhargava et al., 1971). 

Chee et al. (2010) reported that an excess intake of threonine can increase the 

numbers of ileal lactobacilli and lactic acid bacteria in broilers. Additionally, it has been 

reported that dietary threonine can reequilibrate the gut microbiota in the animals 

under stress (Faure et al., 2006; Wils-Plotz et al., 2013; Trevisi et al., 2015). A higher 

level of dietary threonine supplementation can reduce ileal Eimeria maxima counts in 

young broilers challenged with Eimeria maxima (Wils-Plotz et al., 2013).  

2.6 Tenderness, flavourness and juiciness of chicken meat 

Palatability can be defined by three characteristics. These are tenderness, juiciness 

and flavour or odour. In most countries, consumers prefer poultry meat tenderness 

(Warris, 2000). Juiciness depends on the amount of water retained in a cooked meat 

product. Juiciness increases flavour, helps soften meat making it easier to chew, and 

stimulates saliva production in the mouth. Water retention and lipid content determine 

juiciness. Marbling fat around edges helps hold in water. Water losses are from 

evaporation and drip losses. Meat aging can increase water retention and therefore 

increases juiciness.  

Tenderness has been linked to several factors, such as the animal's age, sex or the 

muscle location.  One important way to tenderize meat is by aging. Carcasses are 

aged by holding them at refrigeration temperatures for extended periods of time after 

slaughter and initial chilling. These perceptions rely on smell and on the sensations of 

salty, sweet, sour and bitter. Meat flavour is affected by type of species, diet, cooking 

method and method of preservation (Zhang et al., 2005). 

Taste, texture, juiceness, appearance and adour are five main characteristics that 

contribute to the overall eating quality of meat. Among these characteristics texture is 

probably considered to be the most important attribute by the average consumer 

(Dransfield, 1994; Chrystall, 1994). For the consumer, from a sensory point of view, 

the most important thing is tenderness of the meat. It increases the enjoyment while 

eating (Chrystall, 1994). 

 

2.6.1 Tenderness 
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Meat tenderness and juiciness are positively correlated with the proportion of fat in the 

carcass (Wood, 1990; Bruns et al., 2004). Marbling fat has no direct effect on meat 

tenderness (Renand et al., 2003; Thompson, 2004). However, it plays an important 

role in meat juiciness and overall eating satisfaction. In fact, marbling leads to greater 

palatability in panel scores (McPeake, 2001) and lower shear force values (Dolezal et 

al., 1982). Carcasses with higher marbling content also have a higher subcutaneous 

and intermuscular fat content, thus insulating the muscles during chilling and 

preventing the phenomenon of cold shortening. Fatter carcasses undergo a faster 

drop in pH, which is associated with more tender meat; and slower cooling of fatter 

carcasses contributes to an increase in the activity of ageing enzymes, leading to 

greater tenderness (Wood, 1997).  

Consumer acceptance of chicken meat depends on its eating quality, which is 

influenced by a number of factors ranging from the physical and chemical to the 

histological properties and processing and handling of meat (Alvarado and Sams, 

2004). One of the textural properties, tenderness has been noted as the most 

important factor determining quality of meat products (Savell et al., 1989). Hoffmann 

(1995) defined meat quality as the sum of all sensory, nutritionally, hygienic-

toxicological and processing technological properties of the meat. Thus, the physical 

criteria after slaughter are of importance (Ristic et al., 2012). Tenderness of meat is a 

physiological property, which can be influenced by various factors like breeding, 

husbandry, feeding, fattening age, slaughter technology, cooling, storing and not least 

by the thermic treatment (Ristic et al., 2012). It comprises different material properties, 

like bite characteristics, succulence and toughness.  

The toughness can be examined in different ways: biochemical, physical, mechanical 

and sensory (Sikes et al., 2010). Meat tenderness originates in 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 (Fletcher, 2002). The tenderness of meat is the sum of mechanical strength 

of skeletal muscle tissue and its weakening during the post-mortem aging of meat 
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(Takahashi, 1996). Tenderness tends to be influenced by contraction state of 

myofibrillar proteins and maturity of connective tissues (Fletcher, 2002). Myofibrillar 

contribution to the meat tenderness depends on the extent of shortening during rigour 

mortis development and proteolysis during conditioning (Warris, 2000). Connective 

tissues toughness is often referred to as background toughness because the tissues 

hardly change during the standard length of meat storage post-mortem (McCormick, 

1994).  

The degree to which meat is cooked is very important in determination of meat 

tenderness (Warris, 2000). Meat toughness is caused by excessive contraction during 

rigour mortis development after aging period, supposedly by proteolysis, non-

enzymatic degradation of the cytoskeleton and the weakening of actin and or myosin 

interactions (Takahashi, 1996). This is determined by the pre- and post-slaughter 

effects on the carcasses.  

2.6.2 Flavourness 

Flavour and odour are closely related. Flavour is generally linked to water-soluble 

materials, and odour is related to fat-soluble volatile elements. If the meat smells 

unpleasant, it is mostly related to the quality of the meat. Meat flavour is another quality 

attribute that consumers use to determine the acceptability of chicken meat. Taste and 

odour contribute to the flavour of poultry meat, and it is difficult to differentiate between 

the two during consumption. Few factors affect poultry meat flavour during production 

and processing. Apart from juiciness, flavour and colour are the main eating quality 

characteristics that influence the consumers overall judgment of quality (Wood et al., 

1995). 

Thus, it is not only difficult to produce a flavour defect, but it is difficult to enhance 

flavour during production and processing (Fletcher, 1999). Minor effects in meat 

flavour are related to bird strain, environmental conditions, diet, chilling, scalding 

temperatures, product packaging and storage; however, these effects are too minimal 

for consumers to notice them (Fletcher, 2002). Age of the bird at slaughter affects the 

flavour of the meat. A very large number of compounds have been identified as 

potential contributors to meat flavour. However, it is probable that only a relative few 

of these effects are important. A compound’s contribution to flavour depends on two 

things: first, how much is produced and second, the odour threshold (Lawrie, 1998). 
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Consumers generally decide to purchase meat based on its appearance. The colour 

of the meat greatly affects its saleability. Meat water-holding capacity is also important 

to the consumer. It can be said that appearance and technological characteristics are 

connected. The importance of water-holding capacity can be explained in three ways: 

firstly, poor water holding-capacity can be connected to the appearance of the meat. 

Water holding-capacity is obvious to the consumer when examining the packaging in 

the retail stores. Poor water holding-capacity results in the drip remaining in the 

package, which also results in a negative appearance of the meat. Secondly, the drip 

loss is connected to the weight of the meat. In processed meat, poor water holding-

capacity may reduce water retention and, therefore, yield of product is reduced. 

Finally, the juiciness of the meat after cooking is also affected by the water holding-

capacity. Poor water holding-capacity meat may be dry, or taste may be negatively 

affected. Besides colour and water holding-capacity there is also a relationship 

between appearance and marbling fat. This is also an important factor for determining 

appearance of the meat (Warris, 2000). 

2.6.3 Juiciness 

Juiciness of the meat is mainly related to the water-holding capacity of the meat or low 

marbling fat level. Consumers consider tenderness and juiciness to be the most 

important quality attributes of fresh meat and meat products (Xiong, 2005). Increased 

water and fat content at the time of consumption are generally associated with 

increased juiciness. Decreased water binding capacity and loss of moisture or fat 

through drip or cooking would decrease juiciness. Good-quality meat is juicier than 

that of poor quality, the difference being at least partly attributable to the higher content 

of intramuscular fat in the former (Gaddis et al., 1950). 

There is some suggestion that juiciness reaches a minimum when the pH level of the 

meat is about 6 (Howard and Lawrie, 1956). This possibly reflects the greater ability 

of the muscle proteins to bind water in this pH region; but, if this were the entire 

explanations, juiciness would be expected to decrease still further with even higher pH 

levels. The process of freezing does not itself affect juiciness (Gaddis et al., 1950), 

there being no difference in this respect between meat which has been chilled or 

frozen and held for the same length of time. 



17 
 

Juiciness in the cooked meat has two organoleptic components, first is the impression 

of wetness during the initial chewing, which is due to the rapid release of meat fluids. 

Second is the sustained juiciness resulting from the stimulatory effect of fat on the 

salivary glands. In conjunction with tenderness, juiciness accounts for the overall 

eating quality and consumers may confuse the two factors when making comparisons 

(Varnam and Sutherland, 1995). Savell and Cross (1988) stated that ‘fat may affect 

juiciness by enhancing the water holding capacity of meat, by lubricating the muscle 

fibres during cooking, by increasing the tenderness of meat and thus the apparent 

sensation of juiciness, or by stimulating salivary flow during mastication’. 

2.7 Effects of threonine on carcass characteristics of broiler chickens 

In broiler chickens, threonine requirement for carcass yield is variable, depending 

upon age, strain, sex of broiler chickens, crude protein content of feed and proportion 

of dietary ingredients used (Barkley and Wallis, 2001). The improved carcass 

characteristics may be due to increased amount of essential amino acids in the diet 

(Estalkhzir et al., 2013). Al-Hayani (2017) reported that broilers fed a diet containing 

0.90% of threonine resulted in an enhanced carcass weight by 3.7%, breast weight by 

2.3% whereas, thigh weight was reduced by 1.1%. Similarly, El-Faham et al. (2017) 

executed a trial by using two threonine levels of 0.77 and 0.87% in broiler diets. The 

results revealed that the broiler chickens fed diets containing 0.87% of threonine 

showed 28% higher breast weight, 1.6% increased drum stick weight and 9.6% 

reduced thigh weight compared with those fed diet containing 0.77% of threonine. 

Rezaeipour and Gazani (2014) compared the effect of 0.74 and 0.77% total dietary 

threonine on carcass characteristics in broiler chickens. It was observed that broiler 

chickens fed 0.77% total dietary threonine showed increased breast meat by 0.4%.  

 

2.8 Conclusion 

Broiler chickens play an important role in the rural households as a source of income 

and nutrition. The information on the effect of dietary threonine supplementation on 

feed intake, digestibility, growth rate, mortality and carcass characteristics of broiler 

chickens is extensive but not conclusive. It is, therefore, important to determine the 

effect of dietary threonine level on productivity and carcass characteristics of broiler 

chickens.  
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3.1 Study site  

This study was conducted at the University of Limpopo Livestock Unit (latitude 27.55°S 

and 24.77°E), Limpopo Province, South Africa. The ambient temperatures around the 

study area range between 20 and 36°C during summer and between -5 and 28°C 

during winter (Shiringani, 2007).  
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3.2 Preparation of the poultry house 

The poultry house was cleaned properly with water and a disinfectant (Vet GL 20, NTK 

Company, Polokwane). The house was left for a week after cleaning to break the life 

cycle of infectious microorganisms. After proper drying, the poultry house was divided 

into 15 floor pens of 2m2 per pen. Fresh saw dust was spread in each pen to a 

thickness of 7cm. The heating system was provided using 250 watt-infrared lights. 

3.3 Acquisition of materials and chickens  

Day-old Ross 308 broiler chicks were acquired from Lufafa hatchery, Tzaneen, South 

Africa. The required ingredients to formulate starter and grower diets were acquired 

from Voorslagvoere Milling Company in Mokopane, South Africa. House hold 

disinfectants, medicines, 250 watts infrared lights, feeders and drinkers were acquired 

from NTK, Polokwane, South Africa. 

3.4 Experimental designs, treatments and procedures 

The first part of the study was to determine the effect of dietary threonine level on feed 

intake, growth rate, mortality and carcass characteristics of Ross 308 broiler chickens 

aged between 1 and 21 days. A total of 150 unsexed day-old chicks were used in a 

complete randomized design having 5 treatments (6.4, 7.5, 8, 8.5 and 9g of 

threonine/kg DM feed), replicated three times and having ten chickens per replicate 

(Table 3.01). Light was provided 24 hours daily while feed and water were provided 

ad libitum throughout the study. The experimental diets were isocaloric and 

isonitrogenous, but with different threonine levels. All the diets contained 21% crude 

protein as recommended by NRC (1994). The experimental chicks were fed starter 

diets formulated from the feed ingredients as indicated in Table 3.02. 

 

 

Table 3.01 Dietary treatments for Experiment 1  

Diet code Diet description 

UT6.4 

Unsexed Ross 308 broiler chickens on a 21% CP diet having 6.4g of 

threonine/kg DM 
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UT7.5 

Unsexed Ross 308 broiler chickens on a 21% CP diet having 7.5g of 

threonine/kg DM  

UT8.0 

Unsexed Ross 308 broiler chickens on a 21% CP diet having 8.0g of 

threonine/kg DM. 

UT8.5 

Unsexed Ross 308 broiler chickens on a 21% CP diet having 8.5g of 

threonine/kg DM. 

UT9.0 

Unsexed Ross 308 broiler chickens on a 21% CP diet having 9.0g of 

threonine/kg DM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

 

 Treatment* 
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Feed ingredient    UT6.4      UT7.5      UT8.0    UT8.5 UT9.0 

Yellow maize (%)   60.00       59.02      59.00     58.98      58.96 

Maize gluten 60 (%)   1.1       5.0       5.00      5.00 5.00 

Wheat bran (%)    3.2       2.50       2.57      2.65       2.71 

Soybean 46 (%)    24.00   24.30    24.20     24.09  24.01 

L- lysine Hcl (%)    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 

Vitamins + 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 P (%) 4.35 1.62 1.62 1.62 1.62 

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) 6.4 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 

*: Dietary treatments contained 6.4, 7.5, 8.0, 8.5 or 9.0 g of threonine per kg DM  

    feed.   

    

       

The second part of the study determined the effect of dietary threonine level on feed 

intake, digestibility, growth rate, mortality and carcass characteristics of male Ross 

308 broiler chickens aged between 21 and 42 days. Seventy-five male chickens 

were used in a complete randomized design having 5 treatments (6.4, 7.5, 8, 8.5 
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and 9g of threonine/kg DM feed), replicated three times and having five chickens 

per replicate (Table 3.03). Light was provided 24 hours daily while feed and water 

were provided ad libitum throughout the experimental period. The experimental diets 

were isocaloric and isonitrogenous, but with different threonine levels. All the diets 

contained 20% crude protein as recommended by NRC (1994). The experimental 

chicks were fed grower diets formulated from the feed ingredients as indicated in 

Table 3.04. 

 

Table 3.03 Dietary treatments for Experiment 2 

Diet code Diet description 

MT6.4 Male Ross 308 broiler chickens on a 20% CP diet having 6.4g 
of threonine/kg DM 

MT7.5 Male Ross 308 broiler chickens on a 20% CP diet having 7.5g 
of threonine/kg DM  

MT8.0 Male Ross 308 broiler chickens on a 20% CP diet having 8.0g 
of threonine/kg DM. 

MT8.5 Male Ross 308 broiler chickens on a 20% CP diet having 8.5g 
of threonine/kg DM. 

MT9.0 Male Ross 308 broiler chickens on a 20% CP diet having 9.0g 
of threonine/kg DM. 

 

 

 

 

 

 

 

 

 

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

 

 Treatment* 
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Feed ingredient    UT6.4      UT7.5      UT8.0    UT8.5 UT9.0 

Yellow maize (%)   60.54       54.00      54.00     54.00      54.00 

Maize gluten 60 (%)   1.1       0.37       2.51      2.35 2.18 

Wheat bran (%)    3.00       3.24       3.00      3.00      3.00 

Soybean 46 (%)    27.26   30.14    29.02  29.11 29.21 

L- lysine Hcl (%)    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 

Vitamins + 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 P (%) 1.64 1.61 1.61 1.61 1.61 

Sodium bicarbonate % 0.10 0.10 0.10 0.10 0.10 

Oil sunflower (%) 4.00 7.30 6.75 6.77 6.79 

Total 100 100 100 100 100 

Analysed nutrient composition 

Crude Protein (%) 20 20 20 20 20 

Energy (MJ/kg DM)   16   16 16 16 16      

Threonine (g/kg DM) 6.4 7.5 8.0 8.5 9.0 

ADF (%) 5.00 5.00 4.63 5.38 5.81 

NDF (%) 17.04 17.40 17.00 17.30 17.10 

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 

*: Dietary treatments contained 6.4, 7.5, 8.0, 8.5 or 9.0 g of threonine per kg DM feed. 

 

 

3.5 Data collection 

The initial live weights of the chicks were measured at the beginning of the experiment. 

Average live weight per bird was measured at weekly intervals by weighing the 

chickens in each pen and dividing the total live weight by the number of birds in the 
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pen. These live weights were used to calculate growth rate of the chickens. Daily feed 

intake was measured by calculating the difference between weight of feed offered and 

weight of feed leftover and the difference was divided by the total number of chickens 

in the pen. Feed conversion ratio per pen was calculated as total feed consumed 

divided by the weight gain of the birds in that pen (McDonald et al., 2010). 

Apparent digestibility was determined when the chickens were aged 14 to 21 days and 

35 to 42 days for Experiments 1 and 2, respectively. Apparent digestibility trials were 

conducted in specially designed metabolic cages equipped with separate feed and 

water troughs. One bird was randomly selected from each replicate and transferred to 

the metabolic cage for the measurement of apparent digestibility. A three-day 

acclimatization period was allowed prior to a four-day total faecal collection period. 

Droppings voided by each bird were collected daily at 8.00 hours.  

The chickens were slaughtered at the ages of 21 and 42 days for Experiments 1 and 

2, respectively, following ethical standards as recommended by the University of 

Limpopo Animal Research Ethics Committee (AREC/12/2017: PG). Chickens were 

slaughtered for the determination of carcass characteristics (carcass and organ 

weights, gut organ digesta pH and gastro-intestinal length measurements). Before the 

slaughtering, each chicken was weighed using an electronic weighing balance. The 

dead chickens were then put inside a bucket containing hot water for few seconds and 

they were then taken out for defeathering by hands. The carcasses were cut open at 

the abdominal site and the digestive tracts were removed from the abdominal cavities 

of the chickens. The pH of gizzard, crop, ileum, caecum and large intestine digesta 

were measured. The digesta pH was measured at each segment using an electonic 

pH meter prior to the emptying of the digesta for weight measurement.  

Two chickens were slaughtered per replicate. Carcass weight of each chicken was 

measured only at the age of 42 days. Gastrointestinal tract, small intestine, caeca and 

large intestine lengths were determined using a tape measure. The pH of gut contents 

(crop, proventriculus, gizzard, ileum, caecum, and colon) were measured using a 

digital pH meter (Crison, Basic 20 pH meter). Breast, drumstick, thigh, crop, 

proventriculus, gizzard, small intestine, caeca and large intestine weights were 

measured using an electronic weighing balance. 

3.6 Chemical analysis 
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Dry matter of the feed, feed refusals and meat samples were determined by drying the 

sample in the oven for 24 hours at the temperature of 1050C. Ash content of the feeds, 

faeces, feed refusals and meat samples were determined by ashing the sample at 

6000C in a muffle furnace overnight. Nitrogen contents of the samples were 

determined by Kjedahl method (AOAC, 2010). Threonine, fatty acid and other amino 

acid contents of feeds and meat were determined by iron-exchange chromatography 

at the University of Limpopo. Gross energy values for feeds and faeces were 

determined using an adiabatic bomb calorimeter according to the method previously 

described by Association of Analytical Chemists (AOAC) (2000) at the University of 

Limpopo Animal Nutrition Laboratory. A full analysis for faeces and feeds (diet 

composition) was performed at the Pietermartizburg laboratory, Kwa-Zulu Natal, 

South Africa. 

3.7 Sensory evaluation 

Meat samples which were previously frozen at -40°C for 4 days were thawed for 7 

hours at room temperature prior to cooking. The breast meat was prepared, and the 

skin was left on the meat samples. The method adopted by Pavelková et al. (2013) 

was used for sensory evaluation of the meat. The following sensory attributes were 

evaluated by the sensory panel: tenderness, juiciness and flavour of meat samples. 

The sensory panel consisted of 20 trained panellists. Each panellist was offered to 

drink lemon juice after tasting meat from each treatment before proceeding to the next 

treatment as to wash out the previous treatment to avoid confusion of tastes. The five-

point ranking scale scores used are as indicated in Table 3.05. Nothing was added to 

the meat samples so as not to affect taste. An oven set at 105ºC was allowed to 

preheat prior to cooking. The meat samples were put in trays and they were covered 

with aluminium foil to prevent water loss. Thereafter, the trays with meat were put in 

an oven for approximately 60 minutes and the meat samples were turned after every 

10 minutes. Samples were cut into small 5cm cubic pieces and served immediately 

after cooking. The individual breast meat was selected for sensory evaluation because 

of ease of handling. 

Table 3.05 Evaluation scores used by the sensory panel 

                                           Sensory attribute 
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Score    Tenderness   Juiciness                 Flavour   

1 Too tough Too dry Very bad flavour 

2 Tough Dry Poor flavour 

3 Neither tough nor tender Neither dry nor juicy Neither bad nor good flavour 

4 Tender Juicy Good flavour 

5 Too tender Too juicy Very good flavour 

Source: Pavelková et al. (2013) 

 

3.8 Data analysis 

Effect of threonine level on feed intake, digestibility, growth rate, mortality rate, feed 

conversion ratio and carcass characteristics of Ross 308 broiler chickens were 

analysed using General Linear Model (GLM) procedures for the statistical analysis of 

variance (SAS, 2008) to detect dietary treatment effects. Where there were significant 

differences (P<0.05), Turkey’s honestly significant difference test (HSD) was used for 

mean separation. The model, yij = µ + Ti +eij, was applied in Experiments 1 and 2, 

where Yij was the observation on feed intake, feed conversion ratio, growth rate, 

digestibility, carcass characteristics and mortality due to dietary treatment effects; µ 

was the overall mean; Ti was the ith effect of dietary threonine level and eij was the 

residual effect (error).  

The responses in optimal feed intake, feed conversion ratio, growth rate and carcass 

characteristics and meat tenderness, flavour and taste changes to dietary threonine 

level were modelled using the following quadratic equation: 

Y = a + b1x + b2 x2+e 

Where Y = optimum feed intake, feed conversion ratio, growth rate, carcass 

characteristics and mortality; a = intercept; b = coefficients of the quadratic equation; 

× = dietary threonine level; –b1/2b2 = x value for optimal response; e = error. 
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                                                  CHAPTER FOUR 
 
      RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 Broiler chickens aged one to 21 days 

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

4.1. 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 aged 1 to 21 days.  
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Table 4.1 Diet composition (% except MJ/kg DM for energy and g/kg DM for threonine) 

for Experiment 1 

                                     Treatment# 

Nutrient UT6.4 UT7.5 UT8.0 UT8.5 UT9.0 

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 6.4 7.5 8 8.5 9 

 #         :   Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were  

               dietary threonine levels of 6.4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed) 

Results of the effects of threonine level on feed intake, digestibility, growth rate, feed 

conversion ratio (FCR), live weight, metabolisable energy intake and nitrogen retention 

of unsexed Ross 308 broiler chickens aged one to 21 days are presented in Table 4.2. 

The dietary threonine level affected (P<0.05) feed intake of unsexed Ross 308 broiler 

chickens in Weeks 1, 2 and 3. In Week 1, unsexed Ross 308 broiler chickens on a diet 

containing 6.4 g of threonine per kg DM had higher (P<0.05) feed intakes than those 

on a diet containing 8.5 g of threonine per kg DM. However, unsexed Ross 308 broiler 

chickens on diets containing 6.4, 7.5, 8.0 or 9.0 g of threonine per kg DM had similar 

(P>0.05) feed intakes in Week 1. Similarly, unsexed Ross 308 broiler chickens on diets 

containing 7.5, 8.0 or 9.0 g of threonine per kg DM had the same (P>0.05) feed intakes. 

Unsexed Ross 308 broiler chickens on a diet containing 6.4 g of threonine per kg DM 

had higher (P<0.05) feed intakes than those on diets containing 8.0, 8.5 or 9.0 g of 

threonine per kg DM during Week 2. Similarly, broiler chickens on a diet containing 

9.0 g of threonine per kg DM had higher (P<0.05) feed intakes than those on a diet 

containing 8.5 g of threonine per kg DM. However, broiler chickens on diets containing 

6.4 or 7.5 g of threonine per kg DM had the same (P>0.05) feed intakes during Week 

2. Broiler chickens on diets containing 7.5, 8.0 or 9.0 g of threonine per kg DM had 

similar (P>0.05) feed intakes during Week 2. Similarly, unsexed Ross 308 broiler 

chickens on diets containing 8.5 or 8.0 g of threonine per kg DM had the same 

(P>0.05) feed intakes in Week 2. Broiler chickens on diets containing 6.4 or 9.0 g of 
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threonine per kg DM had higher (P<0.05) feed intakes than those on diets containing 

7.5, 8.0 or 8.5 g of threonine per kg DM in Week 3. However, broiler chickens on diets 

containing 6.4 or 9.0 g of threonine per kg DM had similar (P>0.05) feed intakes. 

Similarly, broiler chickens on diets containing 7.5, 8.0 or 8.5 g of threonine per kg DM 

had the same (P>0.05) feed intakes. Dietary threonine level on unsexed Ross 308 

broiler chickens aged 1 to 21 days had no effect (P>0.05) on diet DM, CP, NDF, ADF, 

fat and ash digestibility values (Table 4.2).  

The present study indicates that dietary threonine level had effect (P<0.05) on 

metabolisable energy (ME) intakes and nitrogen retention values of unsexed Ross 308 

broiler chickens aged three weeks (Table 4.2). Broiler chickens on diets containing 8.0 

or 9.0 g of threonine per kg DM had higher (P<0.05) metabolisable energy intakes 

than those on diets having 6.4, 7.5 or 8.5 g of threonine per kg DM. Broiler chickens 

on diets containing 6.4 or 7.5 g of threonine per kg DM had higher (P<0.05) 

metabolisable energy intakes than those on a diet having 8.5 g of threonine per kg 

DM. However, chickens on diets having 6.4 or 7.5 g of threonine per kg DM had similar 

(P>0.05) metabolisable intakes. Similarly, chickens on diets having 8.0 or 9.0 g of 

threonine per kg DM had similar (P>0.05) metabolisable energy intakes. Unsexed 

Ross 308 broiler chickens on diets containing 8.0 or 9.0 g of threonine per kg DM had 

higher (P<0.05) nitrogen retention values than those on diets having 7.5 or 8.5 g of 

threonine per kg DM. Broiler chickens on a diet containing 6.4 g of threonine per kg 

DM had higher (P<0.05) nitrogen retention than those on a diet having 8.5 g of 

threonine per kg DM. However, chickens on diets having 6.4 or 7.5 g of threonine per 

kg DM had similar (P>0.05) nitrogen retention values. Chickens on diets having 6.4, 

8.0 or 9.0 g of threonine per kg DM had similar (P>0.05) nitrogen retention values. 

Similarly, chickens on diets having 7.5 or 8.5 g of threonine per kg DM had the same 

(P>0.05) nitrogen retention values. 

Dietary threonine level had no effect (P>0.05) on growth rates of unsexed Ross 308 

broiler chickens aged one or 3 weeks (Table 4.2). However, dietary threonine level 

affected (P<0.05) growth rates of unsexed Ross 308 broiler chickens aged two weeks. 

Chickens on a diet containing 6.4 g of threonine per kg DM had higher (P<0.05) growth 

rates than those on diets containing 7.5, 8.0, 8.5 or 9.0 g per kg DM. However, 

chickens on diets containing 7.5, 8.0, 8.5 or 9.0 g per kg DM had similar (P>0.05) 

growth rates. 
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Dietary threonine level had no effect (P>0.05) on feed conversion ratio during Weeks 

1 and 3 (Table 4.2). However, dietary threonine level affected feed conversion ratios 

of the chickens during Week 2. Unsexed Ross 308 broiler chickens on diets containing 

7.5 or 9.0 g of threonine per kg DM had better (P<0.05) feed conversion ratio (FCR) 

than those on a diet containing 6.4 g of threonine per kg DM. However, broiler chickens 

on diets having 7.5, 8.0, 8.5 or 9.0 g of threonine per kg DM had the same (P>0.05) 

feed conversion ratios. Similarly, chickens on diets containing 6.4, 8.0 or 8.5 g of 

threonine per kg DM had the same (P>0.05) feed conversion ratios. Dietary threonine 

level affected (P>0.05) live weights of unsexed Ross 308 broiler chickens aged 7, 14 

or 21 days (Table 4.2). Chickens aged 7 days and, on a diet, containing 6.4 g of 

threonine per kg DM had higher (P<0.05) live weights than those on diets containing 

8.0 or 8.5 g of threonine per kg DM. However, chickens aged 7 days and on diets 

containing 6.4, 7.5 or 9.0 g of threonine per kg DM had similar (P>0.05) live weights. 

Similarly, chickens on diets containing 7.5, 8.0, 8.5 or 9.0 g of threonine per kg DM 

had the same (P>0.05) live weights. Unsexed Ross 308 broiler chickens aged 14 and 

21 days and, on a diet, containing 6.4 g of threonine per kg DM had higher (P<0.05) 

live weights than those on diets containing 7.5, 8.0, 8.5 or 9.0 g of threonine per kg 

DM. However, chickens on diets containing 7.5, 8.0, 8.5 or 9.0 g of threonine per kg 

DM had similar (P>0.05) live weights.  

Negative relationships were observed between dietary threonine level and feed intake 

(r = 0.76), growth rate (r = 0.80) and live weight (r = 0.81) of the chickens aged 8 to 14 

days (Figures 4.01, 4.02 and 4.04, respectively and Table 4.3). Feed conversion ratio 

was optimized (r2 = 0.590) at dietary threonine level of 9.57 g per kg DM for broiler 

chickens aged 8 to 14 days (Figure 4.04 and Table 4.3).  

 

Table 4.2 Effect of dietary threonine level on diet DM intake, digestibility, growth rate, 

live weight, feed conversion ratio, metabolisable energy and nitrogen retention of 

unsexed Ross 308 broiler chickens aged 1 to 21 days* 

                                                  Treatment # 
Variable UT6.4 UT7.5 UT8.0 UT8.5 UT9.0 
Intake (g DM/chicken/day) 
Week 1 11a±1.80 8ab±0.33 7ab±0.86 6b±1.02 9ab±1.16 

Week 2 34a±1.35 19ab±0.85 18bc±1.72 14c±1.4 21b±0.82 
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Week 3 39a±2.23 36b±0.83 36b±2.77 33b±1.29 40a±1.78 

Digestibility (%), Week 3 
DM 77a±0.7 77a±1.1 81a±0.5 76a±0.3 81a±3.4 
CP 28a±5.0 39a±8.7 41a±16.1 51a±6.0 54a±16.0 
NDF 19a±4.3 24a±2.2 19a±0.2 17a±2.7 12a±4.1 
ADF 42a±3.1 35a±0.9 30a±1.1 55a±5.9 57a±5.9 
Fat 60a±1.0 63a±5.1 65a±11.9 67a±3.3 55a±9.6 
Ash 29a±7.0 21a±2.4 37a±2.1 13a±5.3 39a±4.1 

ME intake (MJ/kg DM) Wk3 12.5b±0.20         12.5b±0.20             13.3a±0.12           12.4c±0.18        13.3a±0.12 
N-retn (g/bird/day) Wk3 1.9ab±0.31      1.3bc±0.10             2.0a±0.07              1.2c±0.15           2.4a±0.30 

Growth rate (g/chicken/day) 
Week 1 10a±1.5 6a±0.1 6a±0.6 5a±0.7 7a±0.7 
Week 2 21a±0.6 8b±0.4 8b±0.9 7b±0.8 9b±0.7 
Week 3 26a±2.0 21a±1.2 21a±2.8 22a±0.5 26a±1.6 
FCR (g DM feed intake/g weight gain) 
Week 1 1.2a±0.01 1.2a±0.03 1.2a±0.07 1.2a±0.04 1.3a±0.08 
Week 2 1.7b±0.08 2.3a±0.03 2.2ab±0.06 2.0ab±0.06 2.5a±0.22 
Week 3 1.9a±0.07 1.8a±0.06 1.7a±0.09 1.5a±0.06 1.6a±0.03 

Live weight (g/chicken) 
Day 7 111a±10.3 88ab±1.6 83b±4.2 77b±5.0 92ab±5.0 
Day 14 255a±9.0 146b±2.9 143b±10.7 127b±10.0 153b±8.0 
Day 21 436a±16.2 290b±11.0 291b±30.0 298b±11.4 332b±18.3 

*          : Values presented as mean ± standard error (SE) 
a,b,c  : Means with different superscripts in the same row indicate significant differences  

              between treatments (P<0.05) 

#     : Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were  

              dietary threonine levels of 6.4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed) 

N-retn  :  Nitrogen retention 
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Figure 4.01 Relationship between dietary threonine level and feed intake of unsexed 
Ross 308 broiler chickens aged 8 to 14 days 

 

 

Figure 4.02 Relationship between dietary threonine level and growth rate of unsexed 
Ross 308 broiler chickens aged 8 to 14 days 

 

Y = -46.991x + 47.629 
r2 = 0.642 

The probability of the relationship between 
threonine level and growth rate = 0.103 

Y = -5.812x + 67.002 
r2 = 0.584 

The probability of the relationship between 
threonine level and feed intake = 0.133 
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Figure 4.03 Effect of dietary threonine level on feed conversion ratio of unsexed 
Ross 308 broiler chickens aged 8 to 14 days 

 

Figure 4.04 Relationship between dietary threonine level and live weight of unsexed 
Ross 308 broiler chickens aged 14 days 

 

Y = -415.296X + 492.053 
r2 = 0.653 

The probability of the relationship between 
threonine level and Live weight = 0.098 

 

Y = -3.213 + 1.167x + -0.061x2  
r2 = 0.590 

Threonine level for optimal feed 
conversion ratio = 9.57 g/kg DM feed 
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Table 4.3 Relationships between dietary threonine level and feed intake (aged 8 to 14 
days) growth rate (aged 8 to 14 days) and live weight (aged 14 days) of unsexed Ross 
308 broiler chickens 
 
Variable Formula r2 Probability 

Feed intake (g DM/bird/day) Y = -5.812x + 67.002 0.584 0.133 

Growth rate (g/bird/day) Y = -46.991X + 47.629 0.642 0.103 

Live weight at (g/bird) Y = -415.296x + 492.053 0.653 0.098 

r2  : Coefficient of determination 

 

Results of the effects of threonine level on gut organ digesta pH, gut organ lengths 

and weights of male Ross 308 broiler chickens aged 21 days are presented in Table 

4.4. Dietary threonine level had no effect (P>0.05) on gut organ digesta pH of crop, 

small and large intestine values of unsexed Ross 308 broiler chickens aged 21 days. 

However, dietary threonine level affected (P<0.05) digesta pH values of 

proventriculus, caecum and gizzards of the chickens aged 21 days. Broiler chickens 

on diets containing 7.5 or 9.0 g of threonine per kg DM had higher (P<0.05) 

proventriculus digesta pH values than those on a diet having 6.4 g of threonine per kg 

DM. However, broiler chickens on diets containing 7.5, 8.0, 8.5 or 9.0 g of threonine 

per kg DM had the same (P>0.05) proventriculus pH values. Similarly, broiler chickens 

on diets containing 6.4, 8.0 or 8.5 g of threonine per kg DM had the same (P>0.05) 

proventriculus digesta pH values. Unsexed broiler chickens on a diet containing 8.5 g 

of threonine per kg DM had higher (P<0.05) gizzard digesta pH values than those on 

diets having 6.4, 7.5, 8.0 or 9.0 g of threonine per kg DM. However, chicken on diets 

having 6.4, 7.5, 8.0 or 9.0 g of threonine per kg DM had the same (P>0.05) gizzard 

digesta pH values. Unsexed broiler chickens on a diet containing 7.5 g of threonine 

per kg DM had higher (P<0.05) caecum digesta pH values than those on diets having 

8.0, 8.5 or 9.0 g of threonine per kg DM. However, chickens on diets containing 6.4 or 

7.5 g of threonine per kg DM had the same (P>0.05) caecum digesta pH values. 

Similarly, chickens on diets having 6.4, 8.0, 8.5 or 9.0 g of threonine per kg DM had 

the same (P>0.05) caecum digesta pH values. 

Dietary threonine level had no effect (P>0.05) on small intestine lengths of unsexed 

Ross 308 broiler chickens aged 21 days (Table 4.4). However, dietary threonine level 

affected (P<0.05) gut intestine tract, caecum and large intestine lengths of the 
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chickens aged 21 days. Unsexed Ross 308 broiler chickens on diets having 6.4, 7.5 

or 8.0 g of threonine per kg DM had higher (P<0.05) GIT lengths than those on diets 

having 8.5 or 9.0 g of threonine per kg DM. Chickens on a diet having 9.0 g of threonine 

per kg DM had higher (P<0.05) gut intestinal tract lengths than those on a diet 

containing 8.5 g of threonine per kg DM. Chickens on diets having 7.5, 8.0, 8.5 or 9.0 

g of threonine per kg DM had higher (P<0.05) caecum length values than those on a 

diet containing 6.4 g of threonine per kg DM. However, chickens on diets having 7.5, 

8.0, 8.5 or 9.0 g of threonine per kg DM had the same (P>0.05) caecum length values. 

Broiler chickens on a diet having 6.4 g of threonine per kg DM had higher (P<0.05) 

large intestine lengths than those on diets containing 8.0, 8.5 or 9.0 g of threonine per 

kg DM. Chickens on a diet having 7.5 g of threonine per kg DM had higher (P<0.05) 

large intestine lengths than those on a diet containing 8.0 g of threonine per kg DM. 

chickens on diets having 6.4 or 7.5 g of threonine per kg DM had the similar (P>0.05) 

large intestine lengths. Similarly, chickens on diets having 8.0, 8.5 or 9.0 g of threonine 

per kg DM had the same (P>0.05) large intestine lengths. 

Dietary threonine level had no effect (P>0.05) on small intestine weights of unsexed 

Ross 308 broiler chickens aged 21 days (Table 4.4). However, dietary threonine level 

affected crop, proventriculus, gizzard, caecum and large intestine weights of the 

chickens aged 21 days. Unsexed Ross 308 broiler chickens on diets having 6.4 or 7.5 

g of threonine per kg DM had higher (P<0.05) crop weights than those on diets 

containing 8.0, 8.5 or 9.0 g of threonine per kg DM. However, chickens on diets having 

6.4 or 7.5 g of threonine per kg DM had similar (P>0.05) crop weights. Similarly, 

chickens on diets having 8.0, 8.5 or 9.0 g of threonine per kg DM had the same 

(P>0.05) crop weights. Chickens on a diet having 6.4 g of threonine per kg DM had 

higher (P>0.05) proventriculus weights than those on diets containing 7.5, 8.0, 8.5 or 

9.0 g of threonine per kg DM. Similarly, chickens on diets having 8.0 or 9.0 g of 

threonine per kg DM had higher (P<0.05) proventriculus weights than those on diets 

containing 7.5 or 8.5 g of threonine per kg DM. However, chickens on diets having 8.0 

or 9.0 g of threonine per kg DM had the same (P>0.05) proventriculus weights. 

Similarly, chickens on diets having 7.5 or 8.5 g of threonine per kg DM had the same 

(P>0.05) proventriculus weights. Unsexed broiler chickens on diets having 6.4 or 9.0 

g of threonine per kg DM had higher (P<0.05) gizzard weights than those on diets 

containing 7.5, 8.0 or 8.5 g of threonine per kg DM. However, chickens on diets having 
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6.4 or 9.0 g of threonine per kg DM had the same (P>0.05) gizzard weights. Similarly, 

chickens on diets having 7.5, 8.0 or 8.5 g of threonine per kg DM had same (P>0.05) 

gizzard weights. Unsexed broiler chickens on a diet having 9.0 g of threonine per kg 

DM had higher (P<0.05) caecum weights than those on diets containing 6.4, 7.5, 8.0 

or 8.5 g of threonine per kg DM. Chickens on diets having 7.5 or 8.5 g of threonine per 

kg DM had higher (P<0.05) gizzard weights than those on diets containing 6.4 or 8.0 

g of threonine per kg DM. However, chickens on diets containing 7.5 or 8.5 g of 

threonine per kg DM had the same (P>0.05) gizzard weights. Similarly, chickens on 

diets having 6.4 or 8.5 g of threonine per kg DM had the same (P>0.05) gizzard 

weights. Broiler chickens on diets having 8.0 or 8.5 g of threonine per kg DM had 

higher (P<0.05) large intestine weights than those on diets containing 6.4, 7.5 or 9.0 

g of threonine per kg DM. Chickens on a diet having 9.0 g of threonine per kg DM had 

higher (P<0.05) large intestine weights than those on a diet containing 6.4 g of 

threonine per kg DM. However, chickens on diets having 8.0 or 8.5 g of threonine per 

kg DM had the same (P>0.05) large intestine weights. Broiler chickens on diets having 

7.5 or 9.0 g of threonine per kg DM had similar (P>0.05) large intestine weights. 

Similarly, chickens on diets having 6.4 or 7.5 g of threonine per kg DM had the same 

(P>0.05) large intestine weights.   

Proventriculus digesta pH values of unsexed Ross 308 broiler chickens were 

optimized at a dietary threonine level of 8.45 (r = 0.92) g/kg DM (Figure 4.05). Gut 

intestinal tract lengths of unsexed Ross 308 broiler chickens aged 21 days were 

optimized at a dietary threonine level of 6.56 (r = 0.75) g per kg DM (Figure 4.06). 

Caecum length of unsexed Ross 308 broiler chickens aged 21 days was optimized at 

a dietary threonine level of 8.40 g (r = 0.90) per kg DM (Figure 4.07). A negative 

relationship was observed between dietary threonine level and large intestine lengths 

(r = 0.76) of chickens aged 21 days (Figure 4.08).  
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Table 4.4 Effect of dietary threonine level on digesta pH value, length and weight of 

gastrointestinal organs of unsexed Ross 308 broiler chickens aged 21 days* 

                                                                                   Treatment #  
Variable UT6.4    UT7.5 UT8.0 UT8.5 UT9.0 
Gut organ digesta pH 
Crop  3.8a±0.04 4.2a±0.30 3.9a±0.06 4.1a±0.30 4.0a±0.08 

Proventriculus 3.9b±0.10 4.4a±0.20 4.3ab±0.12 4.3ab±0.12 4.4a±0.20 

Gizzard 1.7b±0.07 1.8b±0.02 1.9b±0.10 2.2a±0.08 1.8b±0.02 

Small intestines 5.7a±0.17 5.9a±0.38 5.7a±0.10 5.8a±0.08 5.7a±0.05 

Caecum 6.5ab±0.19 7.1a±0.08 5.9b±0.13 6.1b±0.10 6.2b±0.13 

Large intestines 4.4a±0.20 4.4a±0.01 5.0a±0.14 4.7a±0.04 4.6a±0.20 

Gut organ length (cm) 
GIT 152.8a±1.30 155.3a±0.72 151.0a±1.44 134.0c±2.60 142.3b±1.91 

Small intestine 134.0a±0.01 137.3a±0.43 131.8a±1.59 134.4a±4.27 88.2a±39.37 
Caecum 5.5b±0.29 13.8a±0.73 10.8a±0.03 13.4a±0.45 13.0a±1.80 
Large intestine 11.3a±0.14 10.5ab±0.29  8.7c±0.43 9.7cb±0.12 9.5cb±0.29 
Gut organ weight (g) 
Crop 4.5a±0.03 4.6a±0.14 2.9b±0.20 2.9b±0.26 3.2b±0.14 

Proventriculus 7.7a±0.17 3.2c±0.01 4.3b±0.17 3.6c±0.06 4.7b±0.12 

Gizzard 14.2a±0.64 11.2b±0.29 11.0b±0.26 8.8b±0.35 14.2a±0.32 

Small intestines 32.3a±0.03 29.3a±0.29 30.5a±1.04 32.7a±1.27 30.9a±0.61 

Caeca 0.9c±0.03 1.3b±0.09 0.7c±0.03 1.3b±0.03 1.8a±0.03 

Large intestines 1.6c±0.09 1.7bc±0.01 3.5a±0.06 3.1a±0.01 2.2b±0.23 

*          : Values presented as a mean ± standard error (SE) 
a,b,c  : Means with different superscripts in the same row indicate significant differences     

              between treatments (P<0.05) 

#     : Treatment codes are explained in Chapter 3, Table 3.01 (The treatments were  

              dietary threonine levels of 6.4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed) 
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Figure 4.05 Effect of dietary threonine level on proventriculus digesta pH of unsexed 
Ross 308 broiler chickens aged 21 days 

 

 
Figure 4.06 Effect of dietary threonine level on gut intestinal tract length of unsexed 
Ross 308 broiler chickens aged 21 days  

 

 

Y= -3.584 + 1.893x + -0.112x2  

r2 = 0.843 

Threonine level for optimal proventriculus pH = 
8.45 g/kg DM feed 

 

Y= 34.427 + 36.470x + -2.778x2  

r2 = 0.556 

Threonine level for optimal gut 
intestinal tract length = 6.56 g/kg 
DM feed 
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Figure 4.07 Effect of dietary threonine level on caecum lengths of unsexed Ross 
308 broiler chickens aged 21 days 

 

 
Figure 4.08 Relationship between dietary threonine level and large intestine lengths 
of unsexed Ross 308 broiler chickens aged 21 days 

 

 

Y= -117.293 + 31.075x + -1.849x2  

r2 = 0.807 

Threonine level for optimal caecum 
length = 8.40 g/kg DM feed 

 

Y = -0.756x + 15.899 
r2 = 0.577 

The probability of the relationship 
between threonine level and large 
intestine length = 0.136 
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4.2 Broiler chickens aged 22 to 42 days 

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

4.5. 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 broiler chickens aged 22 to 42 days.  

Table 4.5 Diet composition (% except MJ/kg DM for energy and g/kg DM for threonine) 

for Experiment 2 

                                   Treatment# 

Nutrient UT6.4 UT7.5 UT8.0 UT8.5 UT9.0 

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 6.4 7.5 8 8.5 9 

 #         : Treatment codes are explained in Chapter 3, Table 3.03 (The treatments were  

              dietary threonine levels of 6.4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed) 

Results of the effects of threonine level on feed intake, digestibility, growth rate, live 

weight and feed conversion ratio of male Ross 308 broiler chickens aged 22 to 42 

days are presented in Table 4.6. The dietary threonine level had no effect (P>0.05) on 

DM feed intakes of male Ross 308 broiler chickens during Weeks 4 and 6. However, 

dietary threonine level affected (P<0.05) feed intake of the chickens during Week 5. 

Male Ross 308 broiler chickens on diets containing 9.0 g of threonine per kg DM had 

higher (P<0.05) feed intakes than those on diets containing 6.4, 7.5 or 8.5 g of 

threonine per kg DM. However, chickens on diets containing 8.0 or 9.0 g of threonine 

per kg DM had similar (P>0.05) feed intakes. Similarly, chickens on diets containing 

6.4, 7.5, 8.0 or 8.5 g of threonine per kg DM had the same (P>0.05) feed intakes. 

Dietary threonine level affected (P<0.05) diet DM, CP, NDF, ADF, fat and ash 

digestibility (Table 4.6). Dietary threonine level affected (P<0.05) diet DM digestibility 

of male Ross 308 broiler chickens for Week 5. Male Ross 308 broiler chickens on a 

diet containing 8.0 g of threonine per kg DM had higher (P<0.05) diet DM digestibility 
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values than those on diets containing 8.5 or 0.9 g of threonine kg DM. Similarly, male 

broiler chickens on diets containing 8.5 or 9.0 g of threonine per kg DM had higher 

(P<0.05) diet DM digestibility values than those on diets containing 6.4 or 7.5 g of 

threonine per kg DM. Male Ross 308 broiler chickens on diets containing 8.5 or 9.0 g 

of threonine per kg DM had the same (P>0.05) diet DM digestibility values. Similarly, 

chickens on diets containing 6.4 or 7.5 g of threonine per kg DM had the same 

(P>0.05) diet DM digestibility values. Chickens on diets containing 6.4 or 7.5 g of 

threonine per kg DM had higher (P<0.05) diet CP digestibility values than those on a 

diet containing 8.0 g of threonine per kg DM. However, male broiler chickens on diets 

containing 8.5 or 9.0 g of threonine per kg DM had the same (P>0.05) CP diet 

digestibility values. Male Ross 308 broiler chickens on diets containing 6.4 or 7.5 g of 

threonine per kg DM had the same (P>0.05) diet CP digestibility values. Similarly, 

male broiler chickens on diets having 8.0 or 9.0 g of threonine per kg DM had the same 

(P>0.05) CP diet digestibility values.  

Results of the present study indicate that dietary threonine level affected (P<0.05) diet 

NDF and ADF digestibility values (Table 4.6). Male Ross 308 broiler chickens on a 

diet containing 8.0 g of threonine per kg DM had higher (P<0.05) diet NDF digestibility 

values than those on diets having 6.4, 7.5 or 8.5 g of threonine per kg DM. However, 

male broiler chickens on 8.0 or 9.0 g of threonine per kg DM had similar (P>0.05) diet 

NDF digestibility values. Similarly, broiler chickens on diets having 6.4, 7.5, 8.5 or 9.0 

g of threonine per kg DM had the same (P>0.05) diet NDF digestibility values. Male 

broiler chickens on a diet having 8.0 g of threonine per kg DM had higher (P<0.05) 

diet ADF digestibility values than those on a diet having 9.0 g of threonine per kg DM. 

Similarly, chickens on a diet having 9.0 g of threonine per kg DM had higher (P<0.05) 

diet ADF digestibility values than those on diets containing 6.4 or 7.5 g of threonine 

per kg DM. Similarly, chickens on a diet having 6.4 g of threonine per kg DM had 

higher (P<0.05) diet ADF digestibility values than those on a diet containing 7.5 g of 

threonine per kg DM. Broiler chickens on diets having 8.0 or 8.5 g of threonine per kg 

DM had the same (P>0.05) diet ADF digestibility values. Similarly, chickens on diets 

having 9.0 or 8.5 g of threonine per kg DM had the same (P>0.05) diet ADF digestibility 

values. Dietary threonine level of male Ross 308 broiler chickens aged 22 to 42 days 

affected (P<0.05) diet ash digestibility (Table 4.6). Male broiler chickens on diets 

having 8.0 or 9.0 g of threonine per kg DM had higher (P<0.05) diet ash digestibility 
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values than those on diets containing 6.4 or 7.5 g of threonine per kg DM. However, 

broiler chickens on diets having 8.0, 8.5 or 9.0 g of threonine per kg DM had the same 

(P>0.05) diet ash digestibility values. Similarly, male broiler chickens on diets having 

6.4, 7.5 or 8.5 g of threonine per kg DM had the same (P>0.05) ash digestibility values. 

Dietary threonine level had no effect (P>0.05) on nitrogen retention values of male 

Ross 308 broiler chickens aged 36 to 42 days (Table 4.6). However, dietary threonine 

level affected (P<0.05) metabolisable energy intakes of male broiler chickens. Male 

Ross 308 broiler chickens on a diet containing 8.0 g of threonine per kg DM had higher 

(P<0.05) metabolisable energy intakes than those on diets containing 6.4, 7.5, 8.5 or 

9.0 g of threonine per kg DM. Chickens on a diet containing 9.0 g of threonine per kg 

DM had higher (P<0.05) metabolisable energy intakes than those on diets containing 

6.4, 7.5, or 8.5 g per kg DM. Similarly, chickens on diets containing 6.4 or 7.5 g of 

threonine per kg DM had higher (P<0.05) metabolisable energy intakes than those on 

a diet containing 8.5 g per kg DM. However, broiler chickens on diets containing 6.4 

or 7.5 g of threonine per kg DM had similar (P>0.05) metabolisable energy intakes.  

Dietary threonine level had no effect (P>0.05) on the growth rates and feed conversion 

ratios of male Ross 308 broiler chickens aged 22 to 42 days (Table 4.6). Results of 

the present study indicate that dietary threonine level had no effect (P>0.05) on the 

live weights of male Ross 308 broiler chickens aged 35 or 42 days. However, dietary 

threonine level affected (P<0.05) live weights of male Ross 308 broiler chickens aged 

28 days. Male Ross 308 broiler chickens on a diet containing 6.4 g of threonine per kg 

DM had higher (P<0.05) live weights than those on a diet containing 7.5 g per kg DM. 

However, male Ross 308 broiler chickens on diets containing 6.4, 8.0, 8.5 or 9.0 g of 

threonine per kg DM had the same (P>0.05) live weights. Similarly, male Ross 308 

broiler chickens on diets containing 7.5, 8.0, 8.5 or 9.0 g of threonine per kg DM had 

similar (P>0.05) live weights. 

A positive relationship was observed between dietary threonine level and feed intake 

(r2 = 0.89) of male Ross 308 broiler chickens aged 28 to 35 days (Figure 4.9).  
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Table 4.6 Effect of dietary threonine level on diet DM intake, digestibility, growth rate, 

live weight. feed conversion ratio, metabolisable energy intake and nitrogen retention 

of male Ross 308 broiler chickens aged 22 to 42 days* 

                                       Treatment #  
Variables MT6.4 MT7.5 MT8.0 MT8.5 MT9.0  
Intake (g/chicken/day)  
Week 4 90a±2.1 82a±2.2 82a±2.2 84a±7.3 104a±10.0  
Week 5 78b±3.1 78b±3 95ab±15.0 93b±0.2 101a±6.7  
Week 6 132a±6.8 112a±2.7 140a±9.9 139a±6.3 144a±15.8  
Digestibility (%), Week 6  
DM 76c±0.3 76c±0.7 89a±1.7 81b±0.1 83b±0.7  
CP 27a±5.2 41a±8.3 3c±1.0 11b±3.3 6bc±2.5  
NDF 27b±2.4 26b±4.0 53a±0.2 32b±2.1 38ab±3.3  
ADF 40c±2.4 22d±12.0 68a±0.6 58ab±0.8 58b±2.4  
Ash 19b±5.0 18b±8.3 76a±12.0 51ab±1.7 70a±7.4  
ME (MJ/kg DM) Wk6 13.2d±0.10       13.2d±0.10        15.4a±0.19        14.1c±0.06         14.4b±0.18  
N-rent (g/bird/day) Wk6   2.6a±0.46        3.9a±1.29          3.2a±0.21          2.6a±0.29           3.3a±0.47  
Growth rate (g/chicken/day)  
Week 4 33a±9.1 24a±4.4 42a±4.0 39a±5.0 44a±3.5  
Week 5 43a±9.9 44a±2.5 52a±17.5 69a±3.0 59a±11.9  
Week 6 75a±12.9 59a±3.2 97a±30.4 66a±2.5 76a±15.4  
FCR (g feed intake/g weight gain)  
Week 4 3.1a±0.71 3.6a±0.58 2.0a±0.14 2.2a±0.22 2.4a±0.15  
Week 5 1.9a±0.20 1.8a±0.05 2.3a±0.74 1.4a±0.06 1.83a±0.32  
Week 6 1.8a±0.20 1.9a±0.10 1.7a±0.43 2.1a±0.06 2.0a±0.22  
Live weight (g/chicken)  
Day 28 668a±60.0 460b±21.1 586ab±41.1 549ab±43.7 638ab±31.5  
Day 35 968a±127.0 767a±36.7 951a±155.5 1033a±23.1 1052a±92.6  
Day 42 1496a±135.0 1180a±29.3 1629a±140 1491a±27.7 1581a±200.0  

*           : Values presented as mean ± standard error (SE) 
a,b,c     : Means with different superscripts in the same row indicate significant differences 

              between treatments (P<0.05) 

#     : Treatment codes are explained in Chapter 3, Table 3.03 (The treatments were           

              dietary threonine levels of 6.4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed)  

N-retn  : Nitrogen retention 
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Figure 4.09 Relationship between dietary threonine level and feed intake of male 
Ross 308 broiler chickens aged 28 to 35 days 

 

Results of the effects of dietary threonine level on gut organ digesta pH values, gut 

organ lengths and weights of male Ross 308 broiler chickens aged 42 days are 

presented in Table 4.7. Dietary threonine level had no effect (P>0.05) on gut organ 

digesta pH values of crop, proventriculus, caecum, small and large intestines of 

unsexed Ross 308 broiler chickens aged 42 days. However, dietary threonine level 

affected (P<0.05) gizzard digesta pH values of male Ross 308 broiler chickens aged 

42 days. Broiler chickens on a diet containing 9.0 g of threonine per kg DM had higher 

(P<0.05) gizzard digesta pH values than those on a diet having 6.4 g of threonine per 

kg DM. However, male Ross 308 broiler chickens on diets containing 7.5, 8.0, 8.5 or 

9.0 g of threonine per kg DM had similar (P>0.05) gizzard digesta pH values. Similarly, 

broiler chickens on diets containing 6.4, 7.5, 8.0, or 8.5 g of threonine per kg DM had 

the same (P>0.05) gizzard digesta pH values. 

Dietary threonine level had no effect (P>0.05) on caecum, small and large intestine 

lengths of male Ross 308 broiler chickens aged 42 days. However, dietary threonine 

level affected (P<0.05) gut intestinal tract lengths of the chickens aged 42 days. 

Chickens on diets having 6.4, 8.0, 8.5 or 9.0 g of threonine per kg DM had higher 

(P<0.05) GIT lengths than those on a diet having 7.5 g of threonine per kg DM. Male 

Y = 9.303x + 15.693 
r2 = 0.788 

The probability of the relationship 
between threonine level and feed 
intake = 0.044 
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broiler chickens on diets having 6.4, 8.0, 8.5 or 9.0 g of threonine per kg DM had the 

same (P>0.05) GIT length values. 

Dietary threonine level affected (P<0.05) crop, proventriculus, gizzard, small intestine, 

caecum and large intestine weights of male Ross 308 broiler chickens aged 42 days 

(Table 4.7). Male Ross 308 broiler chickens on diets having 8.5 or 9.0 g of threonine 

per kg DM had higher (P<0.05) crop weights than those on diets containing 6.4, 7.5 or 

8.0 g of threonine per kg DM. However, chickens on diets having 8.5 or 9.0 g of 

threonine per kg DM had the same (P>0.05) crop weights. Similarly, chickens on diets 

having 6.4, 7.5 or 8.0 g of threonine per kg DM had the same (P>0.05) crop weights. 

Male broiler chickens on a diet having 8.0 g of threonine per kg DM had higher 

(P>0.05) proventriculus weights than those on a diet containing 9.0 g of threonine per 

kg DM. However, chickens on diets having 6.4, 7.5, 8.0 or 8.5 g of threonine per kg 

DM had similar (P>0.05) proventriculus weights. Similarly, chickens on diets having 

6.4, 7.5, 8.5 or 9.0 g of threonine per kg DM had the same (P>0.05) proventriculus 

weights. 

Broiler chickens on a diet having 9.0 g of threonine per kg DM had higher (P<0.05) 

gizzard weights than those on diets containing 6.4, 7.5, 8.0 or 8.5 g of threonine per 

kg DM (Table 4.7). Chickens on a diet having 6.4 g of threonine per kg DM had higher 

(P>0.05) gizzard weights than those on a diet containing 7.5 g of threonine per kg DM. 

Male broiler chickens on diets having 6.4 or 9.0 g of threonine per kg DM had similar 

(P>0.05) gizzard weights. Similarly, chickens on diets having 6.4, 8.0 or 8.5 g of 

threonine per kg DM had the same (P>0.05) gizzard weights. Chickens on diets having 

7.5, 8.0 or 8.5 g of threonine per kg DM had the same (P>0.05) gizzard weights. Male 

broiler chickens on diets having 8.5 or 9.0 g of threonine per kg DM had higher 

(P<0.05) small intestine weights than those on diets containing 6.4, 7.5, or 8.0 g of 

threonine per kg DM. Similarly, broiler chickens on diets having 7.5 or 8.0 g of 

threonine per kg DM had higher (P<0.05) small intestine weights than those on a diet 

containing 6.4 g of threonine per kg DM. However, male broiler chickens on diets 

having 8.5 or 9.0 g of threonine per kg DM had similar (P<0.05) small intestine weights. 

Similarly, broiler chickens on diets having 7.5 or 8.0 g of threonine per kg DM had the 

same (P<0.05) small intestine weights. 
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Male broiler chickens on a diet having 9.0 g of threonine per kg DM had higher 

(P<0.05) caecum weights than those on diets containing 6.4, 8.0 or 8.5 g of threonine 

per kg DM (Table 4.7). Chickens on a diet having 7.5 g of threonine per kg DM had 

higher (P<0.05) caecum weights than those on a diet containing 8.5 g of threonine per 

kg DM. However, chickens on diets having 9.0 or 7.5 g of threonine per kg DM had 

the same (P<0.05) caecum weights. Broiler chickens on diets having 6.4, 7.5 or 8.0 g 

of threonine per kg DM had the same (P>0.05) caecum weights. Similarly, chickens 

on diets having 6.4, 8.0 or 8.5 had the same (P>0.05) caecum weights. Broiler 

chickens on a diet having 9.0 g of threonine per kg DM had higher (P<0.05) large 

intestine weights than those on a diet containing 6.4 g of threonine per kg DM. 

However, chickens on diets having 7.5, 8.0, 8.5 or 9.0 g of threonine per kg DM had 

the same (P>0.05) large intestine weights. Similarly, chickens on diets having 6.4, 7.5, 

8.0 or 8.5 g of threonine per kg DM had the same (P>0.05) large intestine weights. 

A positive relationship was observed between dietary threonine level and small 

intestine weights (r = 0.98) of male Ross 308 broiler chickens aged 42 days (Figure 

4.11). Proventriculus and large intestine weights of male Ross 308 broiler chickens 

were optimized at dietary threonine levels of 7.49 (r = 0.79) and 9.07 (r = 0.99) g/kg 

DM, respectively (Figures 4.10 and 4.12).         
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Table 4.7 Effect of dietary threonine level on gut organ digesta pH, length and weight 

of male Ross 308 broiler chickens aged 42 days* 

                                                     Treatment # 

Variable MT6.4 MT7.5 MT8.0 MT8.5 MT9.0 

Gut organ digesta pH 

Crop 4.3a±0.10 4.1a±0.23 3.8a±0.4 4.0a±0.08 4.0a±0.11 

Proventriculus 3.6a±0.04 4.0a±0.18 3.5a±0.18 3.5a±0.12 3.7a±0.22 

Gizzard 2.3b±0.14 2.6ab±0.08 3.0ab±0.30 3.1ab±0.07 3.2a±0.09 

Small intestines 5.9a±0.03 5.5a±0.18 5.3a±0.09 5.1a±0.17 5.4a±0.22 

Caecum 6.3a±0.23 6.0a±0.08 6.0a±0.16 6.2a±0.20 5.9a±0.10 

Large intestines 5.7a±0.13 5.6a±0.12 5.6a±0.18 5.6a±0.18 5.7a±0.15 

Gut organ length (cm) 
GIT 206a±2.6 182b±1.6 211a±4.1 212a±2.1 213a±1.8 

Small intestines 182a±3.7 162a±7.1 177a±10.4 186a±5.4 178a±7.0 

Caecum 18a±1.0 17a±0.9 19a±0.9 20a±0.7 18a±0.5 

Large intestines 12a±0.3 10a±0.8 12a±0.5 13a±0.5 12a±0.7 

Gut organ weight (g) 

Crop 7.6b±0.19 6.5b±1.5 7.2b±0.34 10.0a±0.14 9.6a±0.58 

Proventriculus 10.1ab±0.03 10.1ab±0.40 10.8a±0.25 10.2ab±0.15 9.4b±0.28 

Gizzard 35.7ab±1.53 30.1c±0.74 32.1bc±0.78 34.2bc±1.00 41.0a±1.60 

Small intestines 64.9c±3.71 77.5b±0.78 83.9b±1.87 98.1a±1.83 100.2a±2.94 

Caecum 5.7bc±0.45 6.8ab±0.42 5.7bc±0.10 5.3c±0.10 7.3a±0.09 

Large intestines 4.9b±0.16 6.2ab±0.72 6.6ab±0.09 6.6ab±0.44 6.9a±0.28 

*     : Values presented as mean ± standard error (SE) 
a,b,c, : Means with different superscripts in the same row indicate significant differences  

              between treatments (P<0.05) 

#   : Treatment codes are explained in Chapter 3, Table 3.03 (The treatments we dietary      

              threonine levels of 6.4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed) 
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Figure 4.10 Effect of dietary threonine level on proventriculus weights of male Ross 
308 broiler chickens aged 42 days 

 

 
Figure 4.11 Relationship between dietary threonine level and small intestine weights 
of male Ross 308 broiler chickens aged 42 days 

 

 

Y = -14.076 + 6.572x + -0.439 
r2 = 0.624 

Threonine level for optimal 
proventriculus weight = 7.49 g/kg 
DM feed 

 

Y = 14.372x + -28.292 
r2 = 0.962 

The probability of the relationship 
between threonine level and small 
intestines weight = 0.218 
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Figure 4.12 Effect of dietary threonine level on large intestine weights of male Ross 
308 broiler chickens aged 42 days 

Results on the effects of dietary threonine level on carcass weights of male Ross 308 

broiler chickens aged 42 days are presented in Table 4.8. The study indicates that 

dietary threonine level had effect (P<0.05) on breast, carcass, drumstick and thigh 

weights of male Ross 308 broiler chickens aged 42 days. Male Ross 308 broiler 

chickens on a diet containing 9.0 g of threonine per kg DM had heavier (P<0.05) 

carcass weights than those on diets containing 6.4, 7.5, 8.0 or 8.5 g of threonine per 

kg DM. Male Ross 308 broiler chickens on diets containing 8.0 or 8.5 g of threonine 

per kg DM had heavier (P<0.05) carcass weights than those on a diet containing 7.5 

g of threonine per kg DM. However, chickens on diets containing 6.4, 8.0 or 8.5 g of 

threonine per kg DM had the same (P>0.05) carcass weights. Similarly, chickens on 

diets containing 6.4 or 7.5 g of threonine per kg DM had the same (P>0.05) carcass 

weights. Male Ross 308 broiler chickens on a diet containing 9.0 g of threonine per kg 

DM had heavier (P<0.05) breast meat weights than those on diets containing 6.4 or 

7.5 g of threonine per kg DM. However, male Ross 308 broiler chickens on diets 

containing 8.0, 8.5 or 9.0 g of threonine per kg DM had similar (P>0.05) breast meat 

weights. Similarly, chickens on diets containing 6.4, 7.5, 8.0 or 8.5 g of threonine per 

kg DM had the same (P>0.05) breast meat weights. Male Ross 308 broiler chickens 

Y = -15.429 + 4.914x + -0.271x2  
r2 = 0.987 

Threonine level for optimal large intestines 
weight = 9.07 g/kg DM feed 
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on a diet containing 9.0 g of threonine per kg DM had heavier (P<0.05) drumstick 

weights than those on diets containing 6.4 or 8.0 g of threonine per kg DM. Similarly, 

male Ross 308 broiler chickens on diets containing 6.4 or 8.0 g of threonine per kg 

DM had heavier (P<0.05) drumstick weights than on a diet containing 7.5 g of 

threonine per kg DM. However, chickens on diets containing 6.4, 8.0 or 8.5 g of 

threonine per kg DM had the similar (P>0.05) drumstick weights. Similarly, chickens 

on diets containing 7.5 or 8.5 g of threonine per kg DM had same (P>0.05) drumstick 

weights.  Male Ross 308 broiler chickens on a diet containing 8.0 g of threonine per 

kg DM had heavier (P<0.05) thigh weights than those on a diet containing 8.5 g of 

threonine per kg DM. Chickens on a diet containing 8.5 g of threonine per kg DM had 

heavier (P<0.05) thigh weights than those on a diet having 7.5 g of threonine per kg 

DM. However, male Ross 308 broiler chickens on diets containing 6.4, 8.0 or 9.0 g of 

threonine per kg DM had similar (P>0.05) thigh weights. Similarly, male chickens on 

diets containing 6.4, 8.5 or 9.0 g of threonine per kg DM had the same (P>0.05) thigh 

weights. 

A positive relationship was observed between dietary threonine level breast weights 

(r = 0.81) of male Ross 308 broiler chickens aged 42 days (Figure 4.13). 

 

Table 4.8 Effect of dietary threonine level on carcass organ weights (g) of male Ross 

308 broiler chickens aged 42 days* 

                                     Treatment # 

Variable MT6.4 MT7.5 MT8.0 MT8.5 MT9.0 

Carcass 1126bc±93.3 940c±29.8 1169b±44 1171b±3.9 1407a±3.2 

Breast 326b±21.7 297b±21.5 382ab±21.8 382ab±21.7 471a±7.0 
Drumstick 166b±4.6 138c±3.5 167b±5.1 149bc±0.8 201a±5.2 
Thigh 193ab±5.2 126c±2.1 203a±1.9 174b±1.2 187ab±8.3 

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

a,b ,c   : Means with different superscripts in the same row indicate significant differences  

              between treatments (P<0.05) 

#     : Treatment codes are explained in Chapter 3, Table 3.03 (The treatments dietary  

               threonine levels of 6.4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed) 
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Figure 4.13 Relationship between dietary threonine level and breast weight of male 
Ross 308 broiler chickens aged 42 days 

Results of the effects of dietary threonine level on breast meat tenderness, juiciness, 

flavour and shear force values of male Ross 308 broiler chickens aged 42 days are 

presented in Table 4.9. Dietary threonine level had no effect (P>0.05) on meat 

tenderness, juiciness and flavour of male Ross 308 broiler chickens aged 42 days. 

Meat shear force values of broiler chickens aged 42 days were not affected (P>0.05) 

by dietary threonine level.  

Table 4.9 Effect of dietary threonine level on breast meat tenderness, juiciness, flavour 

and shear force values (kg) of male Ross 308 broiler chickens aged 42 days* 

                                            Treatment # 

Variable MT6.4 MT7.5 MT8.0 MT8.5 MT9.0 

Tenderness 3a±0.3 3a±0.2 3a±0.3 4a±0.3 3a±0.1 

Juiciness 3a±0.1 3a±0.2 3a±0.0 3a±1.9 3a±0.3 
Flavour 3a±0.0 3a±0.3 3a±0.2 3a±0.2 3a±0.3 
Shear force 14a±1.8 15a±1.0 15a±0.4 14a±0.5 15a±0.2 

*          : Values presented as mean ± standard error (SE). 
a  : Means with similar superscripts in the same row indicate non-significant differences  

              between treatments (P>0.05). 

#     : Treatment codes are explained in Chapter 3, Table 3.03 (The treatments were  

             dietary threonine levels of 6.4, 7.5, 8.0, 8.5 or 9.0 g/kg DM of feed). 

Y = 53.877x + -52.948 
r2 = 0.652 

The probability of the relationship 
between threonine level and breast 
weight = 0.980 
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5.1 Discussion 

5.1.1 Broiler chickens aged one to 21 days 

The diets used in this study were isocaloric and isonitrogenous. All the diets contained 

similar nutrients except for threonine levels which ranged from 6.4 to 9.0 g/kg DM. 

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

met the nutrient requirements for broiler chickens as specified by McDonald et al. 

(2011).  

Increasing dietary threonine level from 6.4 to 9.0 g per kg DM did not improve feed 

intake of unsexed broiler chickens aged one to 14, and those aged 15 to 21 days. 

However, increasing dietary threonine level from 6.4 to 9.0 g per kg DM tended to 

decrease intake of unsexed broiler chickens aged 8 to 14 days. NRC (1994) 

recommended a threonine level of 8.0 g/kg DM for 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. Similarly, Samadi and Liebert (2006) reported a 

dietary threonine level of 7.9 g per kg DM for optimal intake of broiler chickens aged 1 

to 21 days. It is concluded that the 6.4 g of threonine per kg DM observed in the present 

study as a level for optimal intake by the chickens is lower than those of 8.0, 6.9, 7.9 

g/kg DM observed by NRC (1994), Thomas (2008) and Samadi and Liebert (2006), 

respectively. 

Dietary threonine levels of 6.4 to 9.0 g per kg DM used in the present study had no 

effect on diet DM, CP, Fat, NDF, ADF and ash digestibilities in unsexed broiler 

chickens aged one to 21 days. However, Zhang et al. (2006) reported a dietary 

threonine level of 9.0 g/kg DM for optimal production in chickens aged one to 21 days. 

NRC (1994), recommended a dietary threonine level of 8.0 g/kg DM for optimal 

productivity in broiler chickens aged 1 to 21 days. Chen et al. (2017) observed a dietary 

threonine level of 8.8 g per kg DM for optimal production of broiler chickens aged 1 to 

21 days. 

The present study indicates that dietary threonine levels used affected ME intake and 

nitrogen retention values of unsexed Ross 308 broiler chickens aged one to 21 days. 

Dietary threonine levels of 8.0 and 9.0 g/kg DM resulted in chickens having higher 

metabolisable energy intake and nitrogen retention values, respectively. McDonald et 
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al. (2011) recommended a dietary threonine level of 8.3 g/kg DM for optimal intake in 

broiler chickens aged 1 to 21 days. De Filho et al. (2015) observed a dietary threonine 

level of 8.6 g/kg DM for optimal intake in broiler chickens aged 1 to 10 days.  

Dietary threonine levels used in the present study did not improve growth rate of 

unsexed Ross 308 broiler chickens aged 1 to 7 days, and those aged 15 to 21 days. 

However, dietary threonine levels improved growth rate of unsexed Ross 308 broiler 

chickens aged 8 to 14 days. A dietary threonine level of 6.4 g/kg DM resulted in higher 

growth rates of unsexed Ross 308 broiler chickens aged 8 to 14 days. Increasing 

dietary threonine level from 7.5 to 9.0 g/kg DM decreased growth rates of unsexed 

Ross 308 broiler chickens aged 8 to 14 days. Ciftci and Ceylan (2004) reported that 

ideal total dietary threonine levels for growth performance were 6.8 to 7.5 g/kg DM for 

broiler chickens aged 1 to 21 days. Najafi et al. (2017) recommended a dietary 

threonine level of 9.7 g/kg DM for optimal growth rates of broiler chickens aged 1 to 

21 days. Thus, a dietary threonine level of 6.4 g/kg DM observed in the present study 

for optimal growth rate is less than those of 6.8 to 7.5 g/kg DM and 9.7 g/kg DM 

observed by Ciftci and Ceylan (2004) and Najafi et al. (2017), respectively.   

Dietary threonine levels used in the present study did not have any effect on feed 

conversion ratio of unsexed Ross 308 broiler chickens aged 1 to 7 or 15 to 21 days. 

However, dietary threonine levels affected feed conversion ratio of unsexed Ross 308 

broiler chickens aged 8 to 14 days. A dietary threonine level of 9.6 g/kg DM optimized 

feed conversion ratio for unsexed Ross 308 broiler chickens aged 8 to 14 days. Kidd 

and Kerr (1997) reported a dietary threonine of 6.7 g/kg DM for better feed conversion 

ratios in broiler chickens aged 1 to 21 days. NRC (1994) observed a dietary threonine 

level of 7.4 g/kg DM for better feed conversion ratios in broiler chickens aged 1 to 21 

days. Similarly, Valizade et al. (2016) and Kheiri and Alibeyghi (2017) observed dietary 

threonine levels of 8.4 and 9.0 g/kg DM, respectively, for better FCR values in broiler 

chickens aged 1 to 21 days. 

Dietary threonine levels used in the present study affected live weights of unsexed 

Ross 308 broiler chickens aged 7, 14 or 21 days. Chickens on a diet having 6.4 g of 

threonine per kg DM tended to have higher live weights than those on the other 

treatments. Ng’ambi et al. (2017) observed a dietary threonine level of 6.3 g/kg DM for 

optimal live weights of slow-growing indigenous Venda chickens. Kidd et al. (2001) 
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recommended a dietary threonine level of 8.0 g/kg DM for optimal growth of broiler 

chickens aged one to 21 days. NRC (1994) recommended 8.0 g of threonine per kg 

DM diet for optimal live weights of chickens aged 1 to 21 days. Thus, the 6.4 g of 

threonine per kg DM of feed observed in the present study is lower than 8.0 g/kg DM 

of the diet observed by Kidd et al. (2001) and NRC (1994). 

Dietary threonine levels used in the present study had no effect on gut organ digesta 

pH values of crop and small and large intestines of unsexed Ross 308 broiler chickens 

aged 21 days. However, dietary threonine levels used in the present study affected 

proventriculus, gizzard and caecum digesta pH values of chickens. The responses 

were variable; a dietary threonine level of 8.5 g/kg DM resulted in broiler chickens 

having higher gizzard digesta pH values. Dietary threonine level of 8.5 g/kg DM 

optimized proventriculus digesta pH values. Ng’ambi et al. (2017) observed that a 

dietary threonine level of 5.7 g/kg DM optimized digesta proventriculus pH values of 

female Venda chickens aged 91 days. The present finding of 8.5 g threonine per kg 

DM for optimizing gizzard digesta pH values is higher than that of 5.7 g/kg DM by 

Ng’ambi et al. (2017) for Venda chickens.  

Dietary threonine levels used in the present study had no effect on small intestine 

lengths of unsexed Ross 308 broiler chickens aged 21 days. However, dietary 

threonine levels affected gut intestinal tract, caecum and large intestine lengths of 

unsexed Ross 308 broiler chickens. Dietary threonine levels of 6.6 and 8.4 g/kg DM 

optimized GIT and caecum intestine lengths of the chickens, respectively. 

Moghaddam et al. (2011) observed a dietary threonine level of 8.7 g/kg DM for optimal 

productivity of broiler chickens aged one to 14 days. Similarly, NRC (1994) 

recommended a dietary threonine level of 8.0 g/kg DM for optimal productivity for 

broiler chickens aged one to 21 days. 

Dietary threonine levels used in the present study had no effect on small intestine 

weights of unsexed Ross 308 broiler chickens aged 21 days. However, dietary 

threonine levels affected crop, proventriculus, gizzard, caecum and large intestine 

weights of unsexed Ross 308 broiler chickens. The responses were variable. 

Increasing dietary threonine level from 6.4 to 9.0 g/kg DM tended to decrease crop 

and proventriculus weights of the chickens. However, increasing dietary threonine 

level from 6.4 to 9.0 g/kg DM increased caecum and large intestine weights of the 
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chickens. Kidd et al. (2001) recommended a dietary threonine level of 8.0 g/kg DM for 

optimal productivity of broiler chickens aged one to 21 days. Zaefarian et al. (2008) 

observed a dietary threonine level of 9.0 g/kg for optimal productivity of broiler 

chickens aged one to 21 days.   

5.1.2 Broiler chickens aged 22 to 42 days 

Dietary threonine levels of 6.4 to 9.0 g/kg DM used in this study did not have any effect 

on DM feed intake of male Ross 308 broiler chickens aged 22 to 28 days and those 

aged 36 to 42 days. However, dietary threonine levels affected DM feed intake of male 

Ross 308 broiler chickens aged 29 to 35 days, where diet DM intake tended to 

increase with increase in dietary threonine level. It is not clear why variable responses 

were observed in this study. NRC (1994) recommended a dietary threonine level of 

7.4 g/kg DM for optimal intake in broiler chickens aged 29 to 35 days. However, Tugay 

et al. (2009) recommended a slightly higher threonine level of 7.5 g/kg DM for optimal 

DM intake in male broiler chickens aged 22 to 42 days. These values are within the 

threonine levels used in the present study. 

Results of the present study indicate that dietary threonine levels used affected 

digestibility of the nutrients. A dietary threonine level of 8.0 g/kg DM improved diet DM, 

NDF, ADF and ash digestibilities in male Ross 308 broiler chickens aged 22 to 42 

days. Similarly, Kidd and Kerr (1997) recommended a lower dietary threonine level of 

7.5 g/kg DM for optimal diet DM digestibility in male broiler chickens aged 22 to 42 

days. It is possible that the difference may be due to differences in threonine 

requirements by the broiler chicken breeds used in the experiments (NRC, 1994). 

Dietary threonine levels used in the present study did not have any effect on nitrogen 

retention in male Ross 308 broiler chickens aged 22 to 42 days. However, dietary 

threonine levels used in the study affected metabolisable energy intake of male broiler 

chickens aged 22 to 42 days. A dietary threonine level of 8.0 g/kg DM improved 

metabolisable energy intake of male Ross 308 broiler chickens aged 22 to 42 days. 

Ng’ambi et al. (2017) observed a dietary threonine level of 6.2 g/kg DM for optimal 

nitrogen retention in slow growing female Venda chickens aged 8 to 13 weeks. 

McDonald et al. (2011) recommended dietary threonine levels of 7.3 and 6.5 g/kg DM 
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for optimal metabolisable energy intake and nitrogen retention in broiler chickens aged 

4 to 6 weeks. 

Dietary threonine levels of 6.4 to 9.0 g/kg DM used in the present study had no effect 

on growth rate of male Ross 308 broiler chickens aged 22 to 42 days. Kidd et al. (2004) 

and Kidd and Kerr (1997) recommended dietary threonine levels of 6.7 and 7.5 g/kg 

DM, respectively, for optimal growth rates of broiler chickens aged 22 to 42 days. 

Webel et al. (1996) recommended a lower dietary threonine level of 6.0 g/kg DM for 

optimal growth rate of broiler chickens aged 22 to 49 days. It is possible that dietary 

threonine levels used in the present study were above the requirements for growth of 

the chicken lines used, thus no response in growth was observed. 

Dietary threonine levels used in the present study did not have any effect on feed 

conversion ratio of male Ross 308 broiler chickens aged 22 to 42 days. Kidd and Kerr 

(1997) recommended a threonine level of 7.5 g/kg DM for optimal feed conversion 

ratio in broiler chickens aged 22 to 42 days. Ng’ambi et al. (2017) observed a lower 

threonine level of 6.4 g/kg DM for optimal feed conversion ratio of slow-growing female 

Venda chickens aged 8 to 13 weeks.   

Live weights of male Ross 308 broiler chickens aged 35 and 42 days were not affected 

by dietary threonine levels of 6.4 to 9.0 g/kg DM used in the present study. However, 

dietary threonine levels affected live weights of male Ross 308 broiler chickens aged 

28 days. A dietary threonine level of 6.4 g/kg DM improved live weight of male Ross 

308 broiler chickens aged 28 days. Increasing dietary threonine level from 7.5 to 9.0 

g/kg DM did not improve live weights of the chickens. The results of the present study 

are similar to the findings of Kidd et al. (2004) who recommended a dietary threonine 

level of 6.5 g/kg DM for optimal live weights of broiler chickens aged 22 to 42 days. 

Dietary threonine levels used in the present study did not affect crop, proventriculus, 

caecum, small and large intestine digesta pH values of male Ross 308 broiler chickens 

aged 42 days. However, dietary threonine levels of 6.4 to 9.0 g/kg DM affected gizzard 

digesta pH values of the chickens. Broiler chickens on a diet containing 9.0 g of 

threonine per kg DM had higher gizzard digesta pH values than those on a diet having 

6.4 g of threonine per kg DM. Ng’ambi et al. (2013) observed a dietary threonine level 

of 5.7 g/kg DM for optimal gizzard digesta pH values in Venda chickens aged 91 days.  
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Dietary threonine levels used in the present study did not have any effect on small 

intestine, caecum and large intestine lengths of male Ross 308 broiler chickens aged 

22 to 42 days. However, dietary threonine levels of 6.4 to 9.0 g/kg DM affected gut 

organ lengths of chickens. A dietary threonine level of 7.5 g/kg DM improved gut organ 

lengths of male broiler chickens. Lemme (2001) reported a dietary threonine level of 

7.4 g/kg DM for optimal gut organ lengths of broiler chickens aged 21 to 42 days. 

Gut organ weights of male Ross 308 broiler chickens aged 42 days were affected by 

dietary threonine levels of 6.4 to 9.0 g/kg DM. Broiler chickens on dietary threonine 

levels of 8.5 and 9.0 g/kg DM had higher crop weights than those on dietary threonine 

levels of 6.4, 7.5 and 8.0 g per kg DM. Increasing dietary threonine level from 6.4 to 

9.0 g/kg DM increased small intestine weights of broiler chickens. Dietary threonine 

levels of 7.5 and 9.1 g/kg DM optimized proventriculus and large intestine weights of 

male Ross 308 broiler chickens aged 42 days. El-Faham et al. (2017) observed a 

threonine level of 8.7 g/kg DM for optimal gut organ weights of broiler chickens aged 

21 to 42 days.  

Dietary threonine levels used in the present study improved carcass organ weights of 

male Ross 308 broiler chickens aged 42 days. Male Ross 308 broiler chickens on a 

diet containing 9.0 g of threonine per kg DM had heavier carcass weights than those 

on diets containing 6.4 to 8.5 g of threonine per kg DM. Kheiri and Alibeyghi (2017), 

also, recommended a dietary threonine level of 9.0 g/kg DM for optimal carcass 

weights of broiler chickens aged 1 to 42 days. Khan et al. (2006) reported that 

supplementing diets with different levels of threonine did not have effects on carcass 

weights. Increasing dietary threonine level from 6.4 to 9.0 g/kg DM increased breast 

meat weights of male Ross 308 broiler chickens. The results of the present study are 

similar to the findings of Ciftci and Ceylan (2004) who reported that an increase in 

dietary threonine level increased breast meat yield of broiler chickens aged 22 to 42 

days. Kidd et al. (2004) reported a threonine level of 8.7 g/kg DM diet for optimal breast 

meat weights of broiler chickens aged 21 to 42 days. Corzo et al. (2007) recommended 

a lower dietary threonine level of 7.9 g/kg DM for optimal breast meat weights of broiler 

chickens aged 15 to 42 days.  

Dietary threonine level improved drumstick meat weights of male Ross 308 broiler 

chickens aged 42 days. Chickens on a dietary threonine level of 9.0 g/kg DM had 
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heavier drumstick meat weights than those on threonine levels of 6.4 to 8.5 g/kg DM. 

El-Faham et al. (2017) observed that a threonine level of 8.7 g/kg DM improved 

drumstick meat weights of broiler chickens aged 21 to 42 days. Abbasi et al. (2014) 

and Rezaeipour et al. (2012) recommended lower dietary threonine levels of 7.7 and 

7.9 g/kg DM for optimal drumstick meat weights of broiler chickens aged 1 to 42 days, 

respectively.  

Dietary threonine levels used in the present study improved thigh meat weights of male 

Ross 308 broiler chickens aged 42 days. Chicken on a dietary threonine level of 8.0 

g/kg DM had heavier thigh meat weights than those on diets containing 7.5 or 8.5 g/kg 

DM. Corzo et al. (2007) and Kidd et al. (2004) recommended dietary threonine levels 

of 8.6 and 8.7 g/kg DM, respectively, for optimal thigh meat weights of broiler chickens 

aged 21 to 42 days.  

Dietary threonine levels of 6.4 to 9.0 g/kg DM used in the present study had no effect 

on meat sensory attributes and shear force values of male Ross 308 broiler chickens 

aged 42 days. Lilly et al. (2011) observed no differences on sensory attributes and 

shear force values of broiler chickens fed different amino acid levels. Similarly, 

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.  

5.2 Conclusions and recommendations 

Broiler chickens aged one to 21 days 

Dietary threonine levels of 6.4 to 9.0 g/kg DM used in the present study affected feed 

intake, growth rate, live weights, metabolisable energy (ME) intake, nitrogen retention, 

feed conversion ratio and gut organ weights and lengths of unsexed Ross 308 broiler 

chickens aged one to 21 days. However, these variables were optimized at different 

threonine levels. This means dietary threonine level requirements will depend on the 

particular production variable. For example, a dietary threonine level of 9.6 g/kg DM 

optimized feed conversion ratio of unsexed Ross 308 broiler chickens aged 8 to 14 

days, while a dietary threonine level of 6.6 g/kg optimized GIT lengths of unsexed 

broiler chickens. This has implications on ration formulation for broiler chickens. Thus, 

there is need to do more studies on the subject to ascertain the present findings. 
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Broiler chickens aged 22 to 42 days 

Dietary threonine levels of 6.4 to 9.0 g/kg DM used in the present study affected feed 

intake, digestibility, metabolisable energy, live weight, digesta proventriculus pH 

values, GIT length, gut organ and carcass weights of male Ross 308 broiler chickens 

aged 22 to 42 days. However, these variables were optimized at different threonine 

levels. This means dietary threonine level requirements for Ross 308 broiler chickens 

will depend on the particular production variable of interest. Additionally, the threonine 

levels that optimized production parameters in the present study seem to be slightly 

higher than those in the literature. It is possible that dietary threonine requirement 

levels of the broiler chickens line used in the present study may be higher than for 

those used in the other experiments. Broiler chicken lines are constantly being 

improved through efficient breeding.  
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