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LIST OF ABBREVIATIONS 

 

ABBREVIATION MEANING 

ADG Average daily gain 

AOAC Association of Official Analytical Chemists 

BWG Body weight Gain 

CP Crude Protein 

CRD Completely randomized design 

DCP Dicalcium Phosphate 

DNFE Digestible nitrogen free extract 

FBW Final body weight 

FCR Feed conversion ratio 

FI Feed intake 

NRC National Research Council 

WG Weight Gain 

 

  



ABSTRACT 

This study was undertaken to assess the effect of three levels of crude protein supplemented 

with crystalline lysine and methionine on the growth performance, bone traits, carcass traits, 

gastrointestinal pH, as well as haematological parameters in the pearl Guinea fowls. One 

hundred and thirty-nine (139) experimental keets were randomly assigned to three diets with 

varied crude protein, lysine and methionine levels in a completely randomised design. 

Treatment one (T1) was formulated to contain high crude protein levels of 20.08 % with the 

addition of 0 % crystalline lysine and methionine, respectively. Treatment two (T2) was 

formulated to contain medium crude protein levels of 17.33 % with the addition of 0.15 % 

and 0.4 % crystalline lysine and methionine, respectively and Treatment three (T3) was also 

formulated to contain low levels of crude protein of 13.69 % with the addition of 0.9 % and 

0.25 % crystalline lysine and methionine, respectively. The Guinea fowls were offered feed 

and water ad libitum throughout the starter, grower, and finisher phases. Feed consumption, 

body weight, gain, feed conversion ratio (feed: gain) and livability were calculated weekly. 

Bone dimensions and breaking strength were measured on d 65 and 93, as well as the weight 

of the heart, gizzard, liver, breast and thigh were also measured and expressed as a 

percentage during the same period of the experiment. Gastrointestinal pH of the crop, 

proventriculus, gizzard, duodenum, ileum, jejunum and caeca were measured on d 93 and 

finally, the haematological parameters were also measured on d 93 of the experiment. 

Treatment 1 and 2 improved the body weight (BW) and body weight gain of Guinea fowls 

significantly (p < 0.05), compared to dietary treatment 1. Treatment 3 improved (p < 0.05) 

the weight of the gizzard compared to treatments 1 and 2, while all other carcass traits were 

non-responsive to the experimental diets on d 65 and 93.  There was no significant (p > 0.05) 

effect of dietary treatment on all haematological indices studied and pH of the intestinal 

segments of the experimental Guinea fowls. It was concluded that the diet containing 17.33 

% CP with 0.15 % and 0.4 % lysine and methionine, respectively, generally promoted better 

growth of the pearl Guinea fowls. 



CHAPTER ONE: INTRODUCTION 

1.1 Background to the Study 

The Guinea fowls (Numida meleagris), which is believed to have originated in Africa, has 

grown in popularity over time and its production has increased globally (Rafiu et al., 2021). 

This can be attributed to the higher protein content and leaner composition of Guinea fowl 

meat when compared to chicken (Moreki, 2009). Despite gaining global recognition and 

increased production, many farmers in developing countries, including Ghana continue to 

feed their Guinea fowls poor-quality feeds (Olayode et al., 2014). According to Oluyemi and 

Roberts (2000), feed alone makes up between 60 and 80 percent of the total cost of raising 

chickens. For this reason, it is imperative to combine feed ingredients in the best way 

possible to guarantee optimal performance. According to Olayed et al. (2014), protein is the 

most crucial and costly feed ingredient when it comes to formulating a diet for chickens. 

Dietary crude protein (CP) is an essential component of poultry nutrition that affects the 

growth, development of muscles, and general health of poultry (Bortoluzzi et al., 2018). 

Carcass quality and bone health are key determinants of the market value and welfare of 

poultry respectively (Mir et al., 2017). Therefore, maximising the economic value of 

producing Guinea fowls requires optimising dietary protein levels to achieve desired traits 

in the carcass and bone (Hounkpêvi et al., 2024).  

Poultry feeding programs have historically favored high dietary protein levels to maximize 

growth and muscle accretion, although evidence shows that precise amino acid 

supplementation can achieve comparable results with lower protein inputs (Tesseraud et al., 

2003). However, recent advancements in nutritional science have challenged this notion. 

Several reports have shown how feeding low-protein diets to poultry improves their welfare 

and performance while also reducing environmental pollution caused by the excess nitrogen 



emitted into the atmosphere (Bregendahl et al., 2001; Applegate, 2008; Greenhalgh et al., 

2020). However, studies using low-CP diets given to broilers have generally resulted in 

subpar performance when compared to broilers receiving adequate amino acid levels (Berres 

et al., 2010). Conversely, studies using low-protein diets have also shown no effect on 

performance (Widyaratne and Drew, 2011). As a result, it is impossible to draw firm 

conclusions about how these diets affect actual Guinea fowls production due to the 

inconsistent findings from previous studies. In order to improve overall performance, there 

is a growing interest in optimising the nutritional requirements of Guinea fowls. 

 

1.2 Problem Statement 

Protein is a vital yet costly component in poultry diets, crucial for growth and muscle 

development (Barszcz et al., 2024). For species like Guinea fowls with unique nutrient 

needs, balancing crude protein levels is essential to ensure optimal performance whiles 

avoiding high feed costs and environmental issues from nitrogen waste (Abbasi et al., 2018; 

Chojnacka et al., 2021). With lysine and methionine being limiting amino acids in poultry 

diets (Kidd et al., 2021), the traditional practice has been to increase dietary crude protein 

so as to meet these amino acid requirements. However, higher crude protein levels in diets 

often result in excess non-essential amino acids without proportionally increasing lysine and 

methionine, leading to inefficiencies and possible deficiencies (Ayub et al., 2021). 

To overcome this, nutritionists have adopted the strategy of reducing crude protein while 

supplementing diets with crystalline lysine and methionine (Paschal, 2021). This approach 

precisely meets the amino acid requirements of birds, reduces nitrogen excretion, lowers 

feed costs, and improves overall performance. Empirical studies indicate that reducing 

dietary crude protein by 2–3%, with balanced lysine and methionine supplementation, can 



lower feed costs by about 5–8% and decrease nitrogen excretion by 10–20%, without 

affecting growth or feed efficiency (Aletor et al., 2000; Namroud et al., 2008; Belloir et al., 

2017). Despite these benefits, limited research has examined how guinea fowls specifically 

respond to such dietary adjustments. Previous studies have evaluated the effects of varying 

crude protein levels on the growth, carcass, and bone traits of guinea fowls (Alabi et al., 

2023; Hounkpêvi et al., 2024), yet the interaction between reduced protein and targeted 

lysine and methionine supplementation remains underexplored. This study therefore seeks 

to address this gap by assessing the effects of three dietary protein levels supplemented with 

crystalline lysine and methionine on the performance of guinea fowls in Ghana. 

1.3 Main Objective  

The main objective of the study was to investigate the effect of three levels of dietary crude 

protein supplemented with crystalline lysine and methionine on the general performance of 

the pearl Guinea fowls 

 

1.3.1 Specific objective 

The specific objectives were to: 

1. evaluate the growth performance of Guinea fowls fed three (3) levels of dietary crude 

protein supplemented with crystalline lysine and methionine  

2. examine the carcass traits of Guinea fowls fed different levels of dietary crude protein 

supplemented with crystalline lysine and methionine  

3. assess the bone dimension and breaking strength of Guinea fowls fed different levels 

of dietary crude protein supplemented with crystalline lysine and methionine  

4. analyse gastrointestinal pH of Guinea fowls fed different levels of dietary crude 

protein supplemented with crystalline lysine and methionine  



5. determine the Haematological parameters   of Guinea fowls fed different levels of 

dietary crude protein supplemented with crystalline lysine and methionine  

 

1.4 Significance of the Study 

This study holds considerable significance as it evaluates the potential of crystalline lysine 

and methionine supplementation in low-protein diets to sustain or enhance growth 

performance, bone characteristics, carcass quality, and haematological parameters in Guinea 

fowls (Numida meleagris). Given the rising cost of conventional protein-rich feed 

ingredients, identifying alternative strategies to maintain productivity while reducing dietary 

protein levels is crucial for improving economic efficiency in poultry production. The 

supplementation of limiting amino acids may allow for more precise nutrient formulations, 

reducing feed costs without compromising animal performance. 

Moreover, the study contributes to the relatively limited body of research on nutrient 

requirements and dietary optimization in Guinea fowls, a species with increasing agricultural 

relevance. By assessing physiological and haematological responses to dietary manipulation, 

the research provides important insights into the health and metabolic status of birds under 

varied nutritional regimes. The outcomes of this study have the potential to inform feed 

formulation practices, enhance production sustainability, and support the development of 

more cost-effective and environmentally responsible poultry production systems. 



CHAPTER TWO: LITERATURE REVIEW 

 

2.1 Guinea Fowl Production in Ghana 

Guinea fowls (Numida meleagris) is a domesticated poultry which is native to Africa and 

gets its name from the Coast of Guinea, specifically in the West Coast of Africa (Teye and 

Gyawu, 2002). Prior to its recent introduction to other regions of the country, such as the 

Volta, Brong Ahafo, Ashanti, and Greater Accra regions, Guinea fowls were traditionally 

raised in the northern regions of Ghana (Adu-aboagye, 2020). 

 

The production of Guinea keets in Ghana has over the years demonstrated financial viability. 

This is because the birds are more resilient to unfavourable management conditions than 

exotic chickens (Embury, 2001; Agbolosu et al., 2012). Subsistence farmers mostly from 

rural areas in the Upper West, Upper East, and Northern regions of Ghana raise the majority 

of Guinea fowls produced in the country (Fig. 1). According to Issaka and Yeboah, 2016,  

the Guinea fowls population in the northern regions makes up 81% of all Guinea fowls and 

7.1% of all poultry produced in Ghana.  In addition to providing income for the household, 

the birds are significant to the sociocultural lives of the people in Northern Ghana (Teye and 

Adam, 2000). The Pearl helmeted Guinea fowls is the most common variety raised in Ghana 

(FAO, 2014). 

 

Despite the economic and nutritional importance of raising Guinea fowls in the country, the 

provision of sufficient feed has remained a significant obstacle to raising Guinea fowls to 

reach their maximum growth and reproductive potential. This is because there is a dearth of 

empirical research on optimising the nutritional needs of Guinea fowls, especially with 

regards to dietary protein levels (Jacob & Pestacore, 2022; Araújo et al., 2023). Hatchability 



and fertility are two other significant issues with Guinea fowls production. According to 

Teye and Adam (2000), both traits peak three months after the breeding season starts but 

are low at the onset of the breeding season. According to Yamak et al. (2016a), the larger 

size and thicker egg shells of Guinea hens result in lower hatchability than those of chickens. 

 
Figure 2.1: Regional Distribution of Guinea Fowls in Ghana 

Source : (Issaka & Yeboah, 2016). 

2.2 Species and Breeds of Guinea Fowls 

The most numerous and widely distributed species is the helmeted Guinea fowls Numida 

meleagris (John, 2024). There are three well-known types of helmeted Guinea fowls, 

namely, pearl, lavender and the white and the less popular black breed (Payne, 1990; Annor 

et al., 2012; ). The pearl is the most abundant and it possesses a purplish-grey plumage dotted 

or “pearled” with white (Plate 2.1). It is also characterized by shanks of slate grey colour 

and more or less dark grey-blue plumage with many rounded small white spots (Table 2.1). 

The lavender type has paled purple colour with black shanks, pink slate or mixture of pink 

and black shanks (Plate 2.3). The white type has the ordinary white colour with pink shanks 



or slate shanks white or pink wattles (Plate 2.2) (Baimbill-Johnson 2021; Prabakaran & 

Valavan, 2020; Annor et al., 2012). 

 

Table 2.1: Common Species of Guinea Fowls 

Genus Species Description 

Agelastes Agelastes meleagrides 

Agelastes niger 

White breasted guinea fowls 

Black breasted guinea fowls 

Numida Numida meleagris Helmeted guinea fowls 

Guttera Guttera plumefera 

Guttera pucherani 

Plumed guinea fowls 

Crested guinea fowls 

Acryillium Acryillium vulturinum Vulturine guinea fowls 

Source: Annor et al., (2012) 

 

2.3 Guinea Fowls Rearing Systems in Ghana 

Guinea fowls are reared mainly under extensive (free-range or traditional) and semi-

intensive systems and the free-range system is the predominant rearing method common in 

Africa (Yamak, 2015). A study by Moreki and Radikara (2013) in Ghana showed that 98 % 

of farmers housed their Guinea fowls in the night and offered them few handfuls of grains 

and allowed them to scavenge the whole day. Free-range Guinea fowls constitutes an 

important resource for under-resource poor farmers in developing countries. 

 

In the extensive system, birds depend mainly on scavenging with no or very little inputs 

committed resulting in low productivity (Sankhyan et al., 2013). Additionally, housing is 

rudimentary, indicating that losses due to predation are high. Also, health management 

practices are based mainly on ethno veterinary medicine probably due to its availability in 

the villages. The belief that Guinea fowls are resistant to diseases could be a contributing 

factor to why farmers do not adopt preventative measures against diseases which devastates 



flocks (Wagari, 2021). Jajere et al. (2018) also reported that, there are three systems of 

rearing Guinea fowls namely, free-range, semi-intensive and intensive systems. Under the 

free-range system, Guinea fowls are left free to search for food on their own in a boundless 

area and return in the evening to sleep in a stall or roost on trees or roofs. In the semi-

intensive system, there is minimum or a reasonable control of the birds. Guinea fowls are 

confined but allowed to roam in a fenced area, feed and water may be provided within the 

area. Fairly spaced shrubs are incorporated in the area to provide hiding places for laying 

and mating (Kvarnemo, 2018). 

 

 
 

Plate 2.1: Peal Guinea fowl 

 
 

Plate 2.2: White Guinea fowl 

 

 
Plate 2.3: Lavender 

Source: Adu-aboagye, 2020 

 

 
 

Plate 2.4: Black Guinea fowl 
 

 



2.4 Management of Guinea Fowls 

Management practices such as feeding, watering, housing, health-care and general sanitation 

contributes very immensely to the productivity of rural poultry. However, management in 

the rural areas is very poor and so reduces productivity greatly (Molden et al., 2010). 

Management systems such as suitable housing, adequate quality feeding, provision of clean 

drinking water, maintaining high level of sanitation are carried out haphazardly in the rural 

set up, which leads to poor output (Kusina et al., 2012). Domestic Guinea fowls are nervous 

and noisy birds, and are therefore not widely raised commercially (Molden et al., 2010). 

Through lack of good management, many farmers who keep small flocks of Guinea fowls 

obtain only a few young birds from each hen. Guinea fowls are much more active than 

chickens and are not as easily tamed (Aminu et al., 2017). In most parts of sub-Saharan 

Africa, they are basically semi-domesticated birds which are timid and roost in trees at night. 

Majority of rural Guinea fowls farmers (80.6 %) raise their birds on purely extensive system, 

with few of them (16.7 %) practicing the semi-intensive system in the northern regions of 

Ghana (Takyi-Mensah, 2012). 

Under the extensive system, the birds are exposed to a lot of dangers that impede on their 

performance in terms of growth and laying. Housing made of wooden coops or mud pens, if 

any, are provided only at night (Seidu et al., 2017). Avornyo, et al. (2016), also attested that, 

the scavenging farming system is the basis of Guinea fowls breeding with overnight housing 

in overcrowded coops and natural feeding / watering conditions. Avornyo, et al. (2016) 

observed that the scavenging system is predisposed to the onset and spread of microbial and 

parasitic diseases. With the free-range system, houses for birds are improperly constructed. 

Houses are small in sizes, roofed with thatch, poorly ventilated, inadequate space with 

narrow entrance causing overcrowding which leads to easily spread out of diseases in the 



houses (Moreki and Radikara, 2013). Farmers do not pay attention to sanitation measures 

such as cleaning of the coops, provision of clean water and clearing around the coops. Water 

is provided in locally made clay pot with small holes around which makes it difficult for 

young birds to reach and drink water (Moreki &Radikara, 2013). 

 

2.4.1 Brooding of Guinea fowls keets 

Temperature regulation is essential for the survival and growth of guinea fowls keets, as they 

are more sensitive to temperature fluctuations compared to other poultry. According to 

Adewale et al. (2018), maintaining temperatures between 35°C and 37°C during the first 

week and gradually decreasing by 2-3°C per week until reaching ambient temperature is 

crucial. This gradual decrease mimics the keets' natural adaptation process and prevents 

stress-related mortality. Kebe et al. (2020) observed that keets brooded under infrared 

heating systems had improved growth rates and lower mortality compared to those under 

conventional lighting, as infrared provides uniform warmth and reduces chilling effects. 

Ventilation is another critical factor. Poorly ventilated brooders can accumulate harmful 

gases such as ammonia, which affects respiratory health and increases mortality rates. As 

noted by Otieno et al. (2019), adequate ventilation helps control humidity and reduces the 

risk of respiratory diseases, common in keets kept in humid and poorly ventilated 

environments. 

 

Lighting significantly affects the behaviour and development of keets. Continuous lighting 

during the first week encourages feed intake and prevents piling, a behaviour where keets 

cluster, which can lead to suffocation and increased mortality. A study by Yeboah et al. 

(2021) indicated that a 24-hour lighting regime during the initial brooding period enhanced 

feed intake and body weight gain in keets. After the first week, reducing the light exposure 



gradually to a 16-hour light, 8-hour dark cycle helps regulate activity levels and improves 

keet welfare (Mensah & Azza, 2017). 

 

Proper nutrition is fundamental to successful brooding. Guinea fowls keets require diets rich 

in protein, energy, vitamins, and minerals to support rapid growth and immune development. 

For optimal growth, keets benefit from starter feeds with at least 24% protein and 2900 

kcal/kg of metabolisable energy (Yeboah et al., 2019). Diets supplemented with essential 

vitamins, particularly vitamins A, D, and E, and minerals such as calcium and phosphorus 

are essential to prevent deficiencies and promote skeletal health (Oladejo et al., 2022). 

According to Asare and Owusu (2023), adding probiotics to keet diets improved growth 

performance and reduced early mortality by promoting a balanced gut microbiota, which 

aids nutrient absorption and enhances immunity. 

 

Keets are highly susceptible to diseases during the brooding stage, making biosecurity and 

vaccination critical aspects of brooding management. Common diseases affecting keets 

include coccidiosis and Newcastle disease, both of which can lead to high mortality if left 

unchecked. Preventive measures, such as regular cleaning, use of disinfectants, and 

vaccination protocols, are recommended to minimize disease outbreaks. Studies by Ali et al. 

(2020) emphasize that vaccinating keets against Newcastle disease at day 10 and again at 21 

days reduces mortality rates and enhances long-term flock health. In addition to 

vaccinations, antibiotics are sometimes administered to prevent bacterial infections; 

however, the trend is shifting towards natural alternatives. A study by Zongo et al. (2019) 

found that natural additives, such as garlic and ginger extracts, have antibacterial properties 

that help control bacterial pathogens without adverse effects on keet health. These 



alternatives are increasingly preferred in line with the rising demand for antibiotic-free 

poultry products. 

 

The design of the brooder can significantly impact keet comfort and accessibility to feed and 

water. Circular brooders are recommended over rectangular ones to reduce cornering 

behavior, which often leads to piling and suffocation (Tunde et al., 2021). Furthermore, 

brooder spacing is crucial; overcrowded brooders can lead to aggressive behaviors and 

restricted access to feed and water, which ultimately impacts growth. Keets should have a 

minimum of 0.2 square feet per bird in the first two weeks, increasing to 0.5 square feet as 

they grow (Nkrumah & Adusei, 2018). 

 

2.5 Nutritional Requirements of Guinea Fowls 

The nutrient requirement of Guinea fowls is increasingly an important aspect of profitable 

guinea fowls production. The ability to meet the nutritional needs of Guinea fowls (Numida 

meleagris) keets is a key determinant of their survivability and this in turn is a function of 

feed quantity and quality available to the keets (Alabi, et al., 2023). According to Lamot 

(2017) and Ross et al. (2019), young birds, such as the Guinea fowls keet, require access to 

vital components of feed such as energy, protein, vitamins, minerals, and antioxidants to 

maintain a healthy metabolism of energy and protein for essential body functions. These 

elements are absent from the diet of the local keet, hence reduces the number of keets that 

are capable of surviving to reach maturity (Ahiagbe et al. 2021). The lack of commercial 

feeds and established guidelines for Guinea fowls production in developing countries (Rafiu 

et al., 2021) has hampered the development of native Guinea fowls in a significant way. 

Most rural farmers allow the Guinea fowls to roam freely for feed and provide little or no 

extra feed. This results in starvation, stunted growth, and keet mortality as the birds must 



expend more energy searching for food, which may not be sufficient or of sufficient quality 

to support the growth and development of the very young keets (Baruwa and Sofoluwe 2016; 

Nanette et al. 2021). 

 

2.5.1 Protein requirements of Guinea fowls 

Guinea fowls have a protein requirement that are impacted by a number of variables, such 

as age, sex, physiological state, and environmental circumstances. It is crucial to provide 

Guinea fowls with adequate protein to support their growth, reproduction, and general health 

(Molnar et al. 2015). Understanding the protein requirements of Guinea fowls is critical for 

formulating balanced diets and optimizing production efficiency. In a study designed to 

determine the crude protein needs of Guinea fowls keets in tropical climates, Rafiu et al. 

(1984) found that the body weight of keets fed diets containing 24% and 26% crude protein 

(CP) was significantly higher than that of their counterparts, and that the feed conversion 

ratio was better in keets fed 24 % of CP. These findings suggest that, in order to achieve 

maximum productivity in tropical climates, Guinea fowls keets could be fed diets containing 

not less than 24% CP. Furthermore, a much more recent study found that Guinea fowls keets 

fed 24% crude protein and 2650 kcal/ kg had higher growth performance indices, such as 

average daily gain (ADG), final body weight (FBW), and also digestible nitrogen free extract 

(DNFE), and digestible crude fibre (Alabi et al., 2023). Moreover, Avornyo et al. (2013) 

assessed the impact of dietary protein on the performance of native Guinea keets in the 

northern region of Ghana. It was found that feeding keets 24 % dietary protein improved the 

daily mean weight, survivability, and mean cost of feed per kilogram weight. 

Despite the successes recorded in feeding a high crude protein diet to Guinea fowls, there 

has been welfare issues and concerns of environmental pollution associated with feeding 



high protein diets to poultry due to the emission of excess nitrogen. In poultry nutrition, there 

is great interest in the use of low crude protein (CP) diets for economic and environmental 

advantages that may lead to a reduction of feed cost and total nitrogen (N) output to the 

environment (Sigolo et al., 2017). 

 

2.5.2 Consequences of high crude protein diet in poultry production 

Crude protein is a fundamental component of poultry diets, providing essential amino acids 

necessary for various physiological functions. However, feeding high levels of crude protein 

in poultry diets can have both immediate and long-term consequences on the health of birds, 

welfare, and environmental impacts (Hilliar et al., 2006). When a bird consumes more 

protein than it needs for metabolism, the liver turns it into uric acid, which is then expelled 

by the kidneys (Boykin, 1995). The breakdown of uric acid in the intestines releases nitrogen 

in the form of ammonia (NH3), a compound with a pungent odor (Swelum et al., 2021) 

It is established that, concentrations of gaseous ammonia above 10 ppm in poultry houses 

have a detrimental effect on worker health as well as the productivity, welfare, and general 

health of the birds (Kristensen and Wathes, 2000; Miles et al., 2004). Ammonia contributes 

to eutrophication, acidification, and decreased biodiversity in natural ecosystems after it is 

released from poultry houses (Lekkerkerk et al., 1995). However, according to several 

studies (Bregendahl et al., 2001; Applegate, 2008; Greenhalgh et al., 2020), feeding low-

protein diets to poultry reduces environmental pollution caused by the excess nitrogen 

emitted into the atmosphere while also improving the welfare and performance of the birds. 

 

2.5.3 Low protein diet (reduced CP) and its benefits in poultry production 

Amino acids are widely recognised as being important for poultry nutrition. Now, instead of 

focusing solely on crude protein, poultry diets are designed to meet the needs of essential 



dietary amino acids. According to Hayat et al. (2014), it is crucial to supply all the amino 

acids needed for upkeep, growth, production, and reproduction. Commercially available 

amino acids, such as methionine, lysine, and threonine, are added to feeds to meet the 

modern broiler chicken's requirements for amino acids (Kidd et al., 2013). Unbound 

methionine, lysine, and threonine that are added to poultry diets have in fact made it much 

easier and more affordable to formulate nutrient-dense, modern broiler diets that meet 

current requirements for amino acids while reducing excess crude protein and improving 

amino acid balance (Greenhalgh et al., 2020). In an effort to lower the levels of crude protein 

in poultry diets, the addition of synthetic amino acids has produced a number of encouraging 

outcomes. 

Reduced nitrogen (N) excretion and ammonia (NH3) emissions into the environment have 

been reported when synthetic amino acids are added to diets to lower the concentration of 

CP (Nahm, 2007).  In a study to determine the effect of dietary crude protein on growth, 

ammonia concentration, and litter composition in broilers, Ferguson et al. (1998) discovered 

that a 2% decrease in dietary crude protein was equal to a 13% decrease in nitrogen intake. 

Following the excretion of N in the litter, bacterial fermentation transforms the N into NH3, 

which volatilizes and diffuses into the atmosphere (Brink et al., 1998; Ospina-Rojas et al., 

2012). N excretion can be decreased by up to 40% by reducing the amount of crude protein 

in the diet and maximising the addition of unbound amino acids (Nahm 2007). According to 

some studies (Powers et al., 2006; Hernandez et al., 2013), reducing CP by 60 g/kg (220 to 

160 g/kg) reduced nitrogen excretion by an average of 35%.  

The complicated problem of poor litter quality and its related issues has grown to be a 

welfare concern (Dunlop et al., 2016). However, Van Harn et al. (2019) have reported that, 



reductions in dietary crude protein improve litter quality and lower the frequency of footpad 

and other lesions. It has been demonstrated in some series of studies that dietary CP 

reductions cause a daily water intake reduction of 23.2% and a decrease in litter moisture of 

28.1% (Huang et al., 2011; Hernandez et al., 2013; van Harn et al., 2017). This leads to the 

body no longer needing to eliminate the excess protein in the form of uric acid. In addition, 

a lower water intake raises the DM content of the litter, which lowers the likelihood of skin 

dermatitis-related conditions like footpad lesions, hock burns, and breast blisters (van Harn 

et al., 2017). Furthermore, with amino acid supplementation, a 19 g/kg reduction in dietary 

CP (from 215 to 196 g/kg), decreased N in the litter by 16.5% and atmospheric NH3 

concentrations by 31.0% (Ferguson et al., 1998), highlighting the possibility of reduced-CP 

diets improving bird welfare. The findings of the research conducted by Shao et al. (2018), 

Lemme et al. (2019), and Van Harn et al. (2019) suggest that a 59 % improvement in foot-

pad scores could be achieved by reducing dietary CP by 29 g/kg, or from 198 to 169 g/kg. 

In recent times, a decline in the use of antibiotic growth promoters (AGPs) has increased the 

risk of necrotic enteritis (Broom, 2017), a serious health issue that causes outbreaks to cost 

the poultry industry about US $6 billion annually (Wade and Keyburn 2015). Reduced-CP 

diets have the ability to lessen the quantity of undigested protein that enters the large 

intestine, assisting in the inhibition of possible pathogen growth. A clinical example is 

Clostridium perfringens, the etiological agent of necrotic enteritis (NE), whose populations 

in broiler chickens have been demonstrated to be influenced by undigested dietary protein 

and amino acids. According to Drew et al. (2014), birds would be predisposed to NE by a 

170 g/kg increment in CP diets based on fishmeal, as this would result in a 1.65 (7.55 versus 

4.57 cfu/g) increase in the C. perfringens population in the caecum. Hence, the risk of NE is 



decreased by utilising reduced-CP diets and having less undigested protein enter the large 

intestine as a substrate for gut microflora (Timbermont et al., 2011). 

Nevertheless, even though cutting back on crude protein in poultry diets has advantages, 

there seems to be a point at which broiler chickens can no longer tolerate dietary CP 

reductions (Greenhalgh et al., 2020). This is due to the fact that the precise requirements for 

amino acids in reduced-CP diets are still unknown, and it is improbable that the 

bioequivalence of an amino acid that is bound to protein and its unbound counterpart is the 

same (Wu et al., 2013). Studies have shown that while more drastic reductions in the order 

of 50 g/kg CP typically result in inferior performance of birds, moderate reductions in dietary 

CP of about 20 to 30 g/kg are feasible as they do not compromise the growth of birds (Aftab 

et al., 2006; Belloir et al., 2017). 

 

2.5.4 Energy requirements of Guinea fowls 

Energy is essential for supporting various physiological functions in Guinea fowls, including 

growth, maintenance, reproduction, and thermoregulation. To meet their energy needs, 

Guinea fowls require diets with appropriate levels of metabolizable energy (ME) derived 

from carbohydrates, fats, and proteins (Ofori et al., 2019). 

According to Adebowale et al. (2019), dietary energy regulates feed consumption, which 

affects how nutrients are used. Hence, before utilising any dietary energy for growth, newly 

hatched keets must first tend to their maintenance needs. According to Alabi et al. (2023), 

this implies that the amount of feed that growing birds consume is inversely related to the 

amount of energy in their diet. At different stages of lives, Guinea fowls show different 

energy requirements. While adult birds require less energy for maintenance, young chicks 

require more energy for rapid growth (Smith et al., 1993; Idrissu, 2014). Guinea fowls need 



more ME to support growth and development as they develop from the starter to grower, and 

finisher phases (Ikani and Dafwang, 2004). 

 

ME levels and animal weight gain have been shown to be strongly positively correlated in 

numerous studies (Oke et al., 2004; Nahasho et al., 2005; Iddrisu, 2014). Faster growth rates 

are a consistent outcome of higher ME diets, and this is especially significant when 

considering meat production. According to Sadeghi and Tabiedian (2005), broiler chickens 

fed diets high in ME demonstrated a notable increase in body weight gain and a quicker time 

to market when compared to those fed diets low in ME. Nahashon et al.(2005) asserted that, 

French Guinea broilers were more productive when fed diets containing 3,100 kcal of ME/kg 

and 23% CP, or 3,150 kcal of ME/kg and 21% CP at 0 to 4 weeks of age and 5 to 8 weeks 

of age, respectively. The results of an experiment conducted in the southern region of Ghana 

to ascertain the energy and protein requirements of Guinea fowls revealed that the amounts 

of protein and energy needed by Guinea keets during their first eight weeks of growth could 

be estimated to be 24 % CP and 12.5 MJ ME /kg, respectively (Amoah et al., 2017) 

 

2.5.4.1 Energy to protein ratio 

Energy to crude protein ratio is a critical aspect of nutrition for poultry, as it directly impacts 

their growth, development, and overall health (Sadeghi & Tabiedian, 2005) . Guinea fowls, 

like other poultry species, require a balanced diet consisting of adequate protein and energy 

sources to support their physiological needs, particularly during periods of rapid growth, egg 

production, or maintenance. 

The impact of dietary composition on growth performance and carcass characteristics has 

attracted increasing scientific interest in recent years. Given the escalating cost of feed 

ingredients, optimising nutrient utilisation efficiency and carcass composition has become a 



primary concern, often taking precedence over growth rate alone. This consideration is 

particularly critical during the early stages of development, as early nutritional strategies 

exert a lasting influence on subsequent performance in broiler chickens (Firman and Boling, 

1998). 

During ontogenetic growth, young birds initially accrete lean, lipid-free tissue before 

progressing toward a physiological state characterised by increased adiposity. The rate of fat 

deposition during this transition is largely governed by the balance and absolute levels of 

metabolizable energy (ME) and crude protein (CP) in the diet. Diets with elevated ME-to-

CP ratios have been shown to enhance lipid retention, as surplus dietary energy relative to 

protein is preferentially stored as body fat (Sell et al., 1985; Kamran et al., 2008). 

Consequently, precise regulation of the ME: CP ratio during early growth is essential to 

optimise nutrient partitioning, improve feed efficiency, and achieve desirable carcass 

composition. The protein efficiency ratio and energy efficiency ratio in broiler chicken 

production were found to be decreased (P < 0.05) when low-CP and low-ME diets were used 

throughout the trial phases. Implying that the growth performance of broiler chickens has 

been negatively impacted by feeding them low-CP diets with a constant ME: CP ratio 

(Kamran et al., 2008). In two experiments with varying energy to protein ratios, Reginatto 

et al. (2000) showed that protein utilisation improved with higher dietary energy levels and 

lower dietary CP levels. In another experiment, Kamran et al. (2008) asserted that a diet with 

22% CP and 2,904 kcal/kg ME produced the best results for broiler chicken performance. 

 

2.6 Limitations of Guinea Fowls Production in Ghana 

 



2.6.1 Breeding stock acquisition 

The seasonality of breeding has been recognized as one of the major drawbacks to large-

scale Guinea fowls production when using the indigenous breed (Soara et al., 2020; 

Orounladji et al., 2022;Abdallah & Oyebamiji, 2024). Under the traditional system, breeding 

stocks are obtained from the farmers own stocks thus, fertile eggs are not available for year-

round production which only leads to small-scale farming. 

 

2.6.2 Availability of feed 

According to Abdallah and Oyebamiji (2024), scavenging is the main feeding system under 

free-range Guinea fowls production in rural areas where the birds feed mainly on insects, 

leaves, grass seeds, tubers and sedges with ground millet, Guinea corn and maize as 

supplements provided by their owners. These feed resources are quite abundant during the 

rainy season but are scarce during the dry season. Feed supply is one of the main constraints 

to rural poultry production in Ghana. Notwithstanding this constraint, Guinea fowls have a 

unique ability to utilize a wide range of flora and fauna as feed resource base. 

 

2.6.3 Growth traits and productivity 

The productivity of the Ghanaian local Guinea fowls is far below that observed in European 

breeds (Table 2.2). Indigenous Guinea fowls breeds generally have slow growth rate and 

utilize feed less efficiently than chickens (Annor et al., 2012; Iddrisu, 2014). The slow 

growth rate of Guinea fowls is associated with the use of unimproved breeds, extensive 

production system, poor feeding, poor health care and poor management and selection 

(Annor et al., 2012; Iddrisu, 2014; Arije, 2021; Wahab et al., 2022). Guinea fowls reared 

under the intensive management system have superior production performance than those 



reared under both semi-intensive and extensive management system (Saina, 2005; Iddrisu, 

2014). 

 

 

 

 

 

Table 2.2: Productivity of Ghanaian and European Guinea fowls 

Parameter                                   Productivity in Ghana Productivity in Europe 

Annual egg production                         100 180 

Laying period (week) 20 40 

Egg size (g)                                         32 60 

Fertility rate (%)                                 42 88 

Hatchability (%)                                45 83 

Mortality (%)                                    40-100 3-4 

6 weeks weight (g)                          245 650 

12 weeks weight (g)                       500 1600 

24 weeks weight (g) 1200 2500 

Source: Annor et al. (2012) 

2.6.4 Research in genetic improvement 

A lot of genetic research has been carried out on the Guinea fowls in order to identify genes 

of economic importance and breeders have achieved excellent improvement of stock. In 

France, Italy and India where considerable amounts of work have been done to improve 

performance, Guinea fowls production has become commercially viable (Araújo et al., 



2023). According to Islam and Kabir (2021), the keets and eggs that were imported from 

France and Belgium to the Poultry section of the Pong-Tamale Animal Production Unit were 

from exotic breeds that were fast growing and bigger, weighing between 1.8 kg and 2.0 kg 

at 20 weeks of age. The exotic Guinea fowls have been used for cross breeding to improve 

the local breeds for both eggs and meat quality but there are still some challenges in the 

acquisition of these improved breeds by rural farmers (Iddrisu, 2014). 

 

2.6.5 Breeding season of Guinea fowls 

Most wild Guinea fowls birds breed during a restricted period of the year irrespective of the 

latitude at which they are found (Akarikiya, 2021). The restriction is usually imposed by the 

seasonal availability of the appropriate food resources required for feeding and fledging the 

young (Howard, 2024). The sub-humid tropical pearl female Guinea fowls are monogamous 

(Oke et al., 2003) and seasonal breeders (Howard, 2024). The seasonality in reproduction 

has been recognized as one of the major problems that may hinder large-scale commercial 

Guinea fowls production. Factors responsible for this seasonality are not yet clearly known 

(Oke et al., 2003). 

 

2.7 Lysine and Methionine Requirement in Guinea Fowls 

Lysine and methionine are the first and second essential amino acids, which are limiting in 

the traditional diet for poultry (Harms and Russel, 2003). However, it has been cited earlier 

that there is a lack of information on the optimum requirement of these two essential amino 

acids that would support optimum growth and minimize production cost of Guinea fowls. 

Except for soybean, which contains relatively higher amount of lysine, all other plant protein 

sources contain low amount of lysine (Garcia et al., 2005). Similarly, methionine contained 

in all plant sources is very low as required by chicken (Gill, 2003). Understanding the 



methionine and lysine requirements of Guinea fowls is essential in guiding formulation of 

least cost diets that effectively meet the nutritional needs of individual birds (Biswas, 1999; 

Koney, 1993). 

Researchers have proved that lysine and methionine function as precursors of L-carnitine 

which can play important roles in lipid and energy metabolism in poultry (Harmeyer, 2002). 

L-carnitine is a natural, vitamin-like substance that acts in the cells as a receptor molecule 

for activated fatty acids. The major metabolic role of it appears to be the transport of long-

chain fatty acids into the mitochondria for B-oxidation (Harmeyer, 2002). A shortage of this 

substance results primarily in impaired energy metabolism and membrane function. The 

presence of lysine and methionine in their right proportions in poultry diet facilitate fatty 

acid oxidation and reduce the amount of long-chain fatty acids available for storage in 

adipose tissue and thus ensuring the production of lean meat (Golzar et al., 2006). 

 

According to Nkwanyana (2020) and Forsan (2024) the percentages of methionine and 

lysine are higher for the Guinea fowls than the chicken for fast growth. The requirements of 

methionine and lysine as the first two limiting amino acids in practical corn-soybean based 

diets for poultry has been evaluated by some researchers. Some studies that have been 

conducted to evaluate the effects of these amino acids over Wall (2023) recommendations 

on laying hens’ performance, confirmed it effect on egg production, feed conversion ratio, 

egg weight, egg mass and livability especially in low protein diets of traditional poultry. 

However, it can be argued that such valuable information of high levels of lysine and 

methionine requirement is lacking on the production of the indigenous Guinea fowls. 

 



2.7.1 Effect of lysine supplementation on growth performance of Guinea 

fowls 

Lysine is an essential amino acid that plays a crucial role in the growth and development of 

poultry, including Guinea fowls. Numerous studies have highlighted the importance of 

lysine in optimizing growth performance, as it is vital for protein synthesis, muscle 

development, and overall metabolic functions. For instance, research by Costa (2023) 

demonstrated that lysine supplementation significantly improved body weight gain and feed 

conversion ratio (FCR) in broiler chickens, indicating its potential benefits for other poultry 

species. In Guinea fowls, similar trends have been observed, with studies indicating that 

appropriate lysine levels in the diet can enhance growth performance, improve muscle mass, 

and support efficient feed utilization. This is particularly important for Guinea fowls, which 

are known for their relatively slower growth rates compared to other poultry species. 

 

Moreover, the role of lysine in promoting optimal health and immune function in poultry 

further underscores its importance. Lysine deficiency has been linked to poor growth rates, 

reduced feed efficiency, and increased susceptibility to diseases, as evidenced by studies on 

various poultry species. For Guinea fowls, which are increasingly being reared for meat 

production, maintaining optimal lysine levels is crucial to achieving desirable production 

outcomes. A study by Khwatenge et al. (2020) indicated that Guinea fowls fed diets 

supplemented with lysine showed improved growth metrics and enhanced carcass quality 

compared to those on lysine-deficient diets. These findings suggest that lysine 

supplementation is a key factor in maximizing the growth performance and overall health of 

Guinea fowls, thereby supporting their economic viability in commercial poultry production. 

 



2.7.2 Effect of methionine supplementation on growth performance of 

Guinea fowls 

Methionine is an essential sulfur-containing amino acid that plays a significant role in 

poultry nutrition, influencing growth performance, feather development, and overall health 

(Alagawany et al., 2021). The importance of methionine in poultry diets has been 

extensively studied, with research consistently demonstrating its critical role in enhancing 

growth rates and feed efficiency. For instance, methionine supplementation has been shown 

to improve body weight gain and feed conversion ratio (FCR) in broiler chickens, laying 

hens, and turkeys. In Guinea fowls, similar benefits have been observed. Methionine is 

crucial for protein synthesis and various metabolic functions, including the synthesis of other 

sulfur-containing compounds like cysteine and taurine. A study by Waguespack et al. (2009) 

highlighted that methionine supplementation significantly improved growth performance in 

Guinea fowls, leading to better weight gain and feed efficiency compared to those on 

methionine-deficient diets. 

 

Furthermore, methionine's role extends beyond growth performance to include immune 

function and antioxidative properties, which are vital for maintaining the health and 

productivity of Guinea fowls. Methionine deficiency can result in poor growth, feathering 

issues, and increased vulnerability to diseases due to compromised immune responses. For 

instance, research by Rostagno et al. (2007) indicated that adequate methionine levels are 

essential for optimal immune function and overall health in poultry. In Guinea fowls, 

methionine supplementation has been associated with improved carcass quality and meat 

yield, making it a crucial component of commercial Guinea fowls production. A study by 

Narváez-Solarte et al. (2005) demonstrated that methionine-supplemented diets significantly 



enhanced the growth performance and carcass traits of Guinea fowls, supporting the 

economic benefits of this supplementation. These findings underscore the importance of 

methionine in the diet of Guinea fowls to achieve optimal growth performance and health. 

 

2.8 Egg Production and Reproductive Performance of Guinea Fowls 

Guinea fowls are seasonal breeders and this seasonality has been recognized as one of the 

major drawbacks to large-scale Guinea fowls production (Mallam, 2019). In the wild, 

production starts at 28-42 weeks with 15-20 eggs being laid each season but in captivity, 

production starts at 28-32 weeks with 50-100 eggs being produced in the first year and more 

eggs (180) are laid in the second year of production (Onunkwo and Okoro, 2015). Laying 

may continue for 7 or more years. In developed countries, where Guinea fowls production 

is well established, the use of light control programmes and selection have resulted in 

making Guinea fowls an all-year round breeder. Egg production can be increased by artificial 

lighting, a practice common with the domestic fowls. The ovary of the adult Guinea hen is 

smaller (25.29 g) than that of the domestic fowls (40-60 g). The smaller testicular size (1-

9g) may place the Guinea fowls at a disadvantage when compared with the 14-16g 

commonly reported for the male of domestic fowls (Alders et al., 2018). In Ghana, the season 

of lowest relative humidity, rainfall and high temperature corresponds with the period of low 

semen volume, low spermatozoa concentration, low percentage mortality, high percentage 

abnormality and high dead to live spermatozoa ratio (Yakubu et al., 2019). Saeed et al. 

(2019) reported that heat stress reduces feed intake and induces testicular resting. Most eggs 

(80-90 %) are laid during the rainy months of April to September, although improved strains 

of Guinea fowls lay as early as February although under captive conditions breeding has 

been reported to be delayed. A 3-year study of the laying characteristics and productive 



performance of the indigenous helmeted variety of Guinea fowls revealed that eggs could 

be obtained over a period of about 9 months each year (Onunkwo and Okoro, 2015).  

 

 

 

 

 

 

 

 

 

CHAPTER THREE: MATERIALS AND METHODS 

3.1 Study Location and Duration 

This experiment was carried out at the Poultry Unit of the Department of Animal Science 

Education, Akenten Appiah-Menka University of Skills Training and Entrepreneurial 

Development (AAMUSTED). Asante Mampong is in the forest-savanna transition agro-

ecological zone of Ghana. The area has a bimodal rainfall pattern with the major rainy season 

occurring from early April to July and the minor rainy season from September to November 

(Pabi et al., 2019). There is a harmattan (dry season) from December to February, and daily 

temperatures range from 25°C to 30°C, and the relative humidity of the area is 70 % (MSD, 

2015). The experiment was conducted from June, 2023 to August, 2023. 

 

3.2 Dietary Treatments and Experimental Design 

The Concept 5 feed formulation program (Creative Formulation Concepts, LLC, Annapolis, 

MD) was used to formulate three experimental diets with varied crude protein (CP) levels, 

each supplemented with crystalline amino acids (lysine and methionine). Treatment one (T1) 



was formulated to contain a high CP level (20.08%) with no lysine or methionine 

supplementation. Treatment two (T2) was formulated to contain a medium CP level 

(17.33%) supplemented with 0.15% lysine and 0.40% methionine, while Treatment three 

(T3) contained a low CP level (13.69%) supplemented with 0.90% lysine and 0.25% 

methionine (Table 3.1). 

 

The classification of CP levels in this study was based on previous reports indicating that 

dietary crude protein levels between 16–18% are considered adequate for optimal growth 

and nutrient utilization in Guinea fowls (Ayeni et al., 1983; Nahashon et al., 2006; 

Hounkpêvi et al., 2024). Hence, the 17.33% CP diet was classified as medium and 

considered to meet the protein and lysine requirements of growing Guinea fowls. The 

formulation of the medium CP diet was particularly critical, as balancing amino acid 

supplementation and total protein can be challenging at this level, given the metabolic 

demand for both essential and non-essential amino acids for tissue synthesis and 

maintenance. All diets were subjected to proximate and chemical analysis according to 

AOAC (1990) to verify nutrient composition. 

Ingredient Treatment 1  Treatment 2  Treatment 3  

Maize grain 68 70 70 

Soybean meal 15 14.63 5 

Wheat bran 1 6 17.87 

Fishmeal 13.57 5.95 3 

Dicalcium phosphate 0.42 0.57 0.5 

Salt 0.5 0.5 0.506 

Oyster shell 1.02 1.3 1.5 

Premix* 0.5 0.5 0.5 

Lysine  0 0.15 0.9 

Methionine 0 0.4 0.25 

Total 100 kg 100 kg 100 kg 

Nutrient Composition calculated    

Crude Protein % 20.08 17.33 13.69 

Calcium % 1.08 1.06 1.06 



Available P % 0.57 0.57 0.49 

ME, Kcal/Kg 3021.59 2976.96 2865.30 

Methionine % 0.41 0.46 0.48 

Lysine % 1.3 1.35 1.37 

Sodium  % 0.46 0.44 0.37 

Chlorine % 0.31 0.31 0.31 

*Vitamin A, 8,000,000 IU; Vitamin B1, 1300 mg, Vitamin B2, 2500 mg, Vitamin D3, 3000 

IU; Vitamin E, 10, 000 IU; Vitamin K3, 1,500 mg; Vitamin B6, 1,000 mg; Vitamin B12, 6 

mg, Nicotinic Acid, 5,000 mg, Pantothenic Acid, 4000 mg; Choline Chloride, 8000 mg; 

Copper, 2,500 mg; Cobalt, 700 mg; Iron, 4,500 mg; Zinc, 55, 000 mg; Methionine, 50,000 

mg; Lysine, 200,000 mg; Selenium (1%), 1,300 mg; Iodine, 2,000 mg; Manganese, 60, 000 

mg; Antioxidant, 625 mg. 

 

3.3 Experimental Birds and Management 

One hundred and thirty-nine (139) experimental keets from Lamdi Farms and hatchery, 

Tamale were reared in an open-sided deep litter housing system with fresh softwood 

shavings (5 cm deep) and with ad libitum access to a starter, grower, and finisher diets and 

water throughout the experimental duration. The keets were brooded in a deep litter structure 

for the first thirty (30) days post-hatch. After the brooding period, keets of similar sizes were 

weighed and randomly allocated to 15-floor pens (2.24 m2) of 5 replicate pens per treatment, 

each housing 10 birds. Each pen was provided with feeding and watering troughs. 

Treatments were arranged in a completely randomized design (CRD). The Guinea fowls 

were offered feed and water ad libitum throughout the starter, grower, and finisher phases. 

3.4 Data Collected 

3.4.1 Growth performance 

Feed consumption, body weight, gain, feed conversion ratio (feed: gain) and livability were 

calculated weekly. Feed consumption was calculated by subtracting the feed leftover from 

the total feed offered.  The body weight was measured by dividing the cumulative pen weight 

by the number of birds in the pen. Gain was calculated as the difference between the birds' 

body weight and their initial body weight. Feed Conversion Ratio (FCR) was calculated by 



dividing the difference between    the pen weight and the sum of the initial bird weight and 

dead bird weight, by the feed consumption for the same period. Livability was calculated by 

dividing the number of birds by the initial total number of birds and multiplying by 100. The 

pens were monitored for mortality twice daily and post-mortem examinations were 

conducted on dead birds throughout the study period. Feed intake and feed conversion ratio 

(feed intake/weight gain) were corrected for mortality. 

3.4.2 Haematology and biochemical analysis 

Five birds from each treatment at day 93 were sampled for haematological analysis. A 25-

gauge needle was used to draw 2 ml of blood from the wing vein of each selected Guinea 

fowl after disinfecting the area by swabbing with 70 percent alcohol. The needle was directed 

into the wing vein in the direction of the flow of blood. The blood was deposited in an 

evacuated tube containing an anticoagulant and was sent to the laboratory for analysis. 

 

3.4.2.1 Measurement of haematological parameters 

Haematological indices assessed included red blood cell (RBC) count, haemoglobin 

concentration (Hb), packed cell volume (PCV), mean corpuscular volume (MCV), mean 

corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), 

red cell distribution width (RDW), platelets (PLT) and mean platelet volume (MPV) and 

platelet distribution width (PDW). Full blood count (FBC) was measured by a five (5) parts 

(differentials) fully automated BC 5800 haematology system, (Mindray, Germany) 

according to the manufacturer’s instructions. Principles employed included impedance 

method for RBC and PLT counting; Cyanide free reagent for haemoglobin test; and Flow 

Cytometry (FCM) + Laser light scatter + Chemical dye method for WBC differential 



analysis and WBC counting. Leucocytes indices embraced level of White blood cells 

(WBC), percentage neutrophils, lymphocytes, monocytes, eosinophil and basophils. 

 

3.4.4 Gastrointestinal pH 

Immediately after cervical dislocation of 2 birds per replicate pens at d 93, they were 

dissected and the crop, proventriculus, gizzard, duodenal, jejunal, ileal, and caecal pH were 

measured using a pH tester (Hanna instruments, UK) as described by Zanu et al. (2023), by 

directly inserting the pointed tip into the digesta in the lumen of the proximal end of each 

segment of the same bird whilst ensuring that the pH electrode did not touch the walls. Once 

all the readings for each bird had been taken the probe was rinsed with distilled water. The 

mean of the two readings per segment of the tract was then calculated. 

  

3.4.5 Carcass and organ weight 

The liver, breast meat, thigh, heart, and empty gizzard were taken from the sampled birds 

used for the determination of gut pH and weighed. Each part was expressed as a percentage 

of live BW. 

 

3.4.5 Bone traits 

On d 65 and 93 post-hatch, femur, and tibiae were collected from the right leg of sampled 

birds used for the gut pH and carcass traits to determine the bone dimensions and bone 

breaking strength. The dimensions of the femur and tibia were measured by measuring the 

length (mm) (from the tip of the proximal end to the tip of the distal end) and width (mm) 

(at the medial region) using a digital calliper. For the determination of breaking strength 

(BS), the femur and tibiae were defleshed by hand using a scalpel. The resulting femur and 

tibiae were then subjected to testing on a universal texture analyzer (Inspekt table50-1, 



Hegewald & Peschke, Meß- Germany) set up with a 50 KN load cell and 3-point fixture bed 

at a test speed of 10 points of data per second. The machine was run by a BenQ computer 

(24 Inch IPS monitor) with Blue Hill 3 software. 

 

3.5 Data Analysis 

Using the General Linear Model technique of Minitab version 20.3, data on various 

parameters were subjected to statistical analysis using analysis of variance (ANOVA) for a 

completely randomized design. Fisher LSD means separation test was used to make pairwise 

comparisons between treatment means (P < 0.05). 



CHAPTER FOUR: RESULTS 

4.1 Effects of Experimental Diets on the Growth Performance of Guinea 

Fowls at d 44 

On day 44, dietary treatments influenced (P < 0.05) the BW and gain of the birds, implying 

that birds fed 20.08 % and 17.33 % crude protein recorded higher BW, and gain compared 

to those on 13.69 %. Moreover, birds fed diets containing the high (20.08 %) and medium 

CP (17.33 %) had better feed conversion ratios (P < 0.05) compared to birds on the low 

(13.69 %) CP (Table 4.1). 

 

4.2 Effects of Experimental Diets on the Growth Performance of Guinea 

Fowls d 0-51 and 0-58 

As shown in Table 4.2 and Table 4.3, birds fed medium crude protein diets (17.33 %) and 

the high CP (20.08 %), had higher BW and gain (P < 0.05) compared to those on the low CP 

(13.69) diet recording the lowest BW and gain on day 51 and 58 of the experiment. Over the 

same period, feed conversion ratio although not significant (P > 0.05) was better in birds fed 

the medium (17.33 %) compared to their counterparts on the high CP (20.08 %) and low CP 

(13.69), respectively. All other performance variables were non responsive (P > 0.05) to the 

dietary treatments over the same period. 



Table 4.1: Effects of Experimental Diets on the Growth Performance of Guinea fowls 

at d 44 

Treatment Livability, % BW, g Gain, g Intake, g FCR 

T1 100.0 229.8a 68.22a 424.2 6.249b 

T2 95.28 228.5a 72.30a 449.5 6.217b 

T3 97.78 204.5b 39.33b 398.7 10.17a 

SEM 2.110 4.200 4.110 50.70 0.752 

P-Value 0.320 0.002 0.000 0.782 0.004 

T1, 20.08 %.; T2,17.33 %; T3, 13.69 %.; BW, Body weight; FCR, Feed conversion ratio 

corrected, SEM, Standard error of mean.ab- Means with different superscripts in a column 

are significantly different (p<0.05) 

 

Table 4.2: Effects of experimental diets on the growth performance of Guinea fowls d 

0-51  

Treatment Livability, % BW, g Intake, g Gain, g FCR 

T1 100.0 284.9a 699.1 123.3a 5.696 

T2 95.28 289.3a 688.3 133.1a 5.189 

T3 97.78 240.9b 602.1 75.72b 8.478 

SEM 2.110 9.170 61.20 8.400 0.936 

P-Value 0.320 0.005 0.491 0.001 0.059 

T1, 20.08 %.; T2,17.33 %; T3, 13.69 %.; BW, Body weight; FCR, Feed conversion ratio 

corrected, SEM, Standard error of mean, ab- Means with different superscripts in a column 

are significantly different (p<0.05) 



Table 4.3: Effects of experimental diets on the growth performance of Guinea fowls d 

0-58 

Treatment Livability, % BW, g Intake, g Gain, g FCR 

T1 100.0 338.0a 868.7 176.4a 4.950 

T2 95.28 348.7a 900.3 192.5a 4.690 

T3 95.78 270.5b 771.4 105.3b 8.050 

SEM 2.250 12.10 60.90 11.00 1.060 

P-Value 0.300 0.001 0.331 0.000 0.081 

T1, 20.08 %.; T2,17.33 %; T3, 13.69 %.; BW, Body weight; FCR, Feed conversion ratio 

corrected, SEM, Standard error of mean, ab- Means with different superscripts in a column 

are significantly different (p<0.05) 

 

4.3 Effects of Experimental Diets on the Growth Performance of Guinea 

Fowls at d 65, 93 and 100 

Experimental diets significantly affected (P < 0.05) all the growth performances of birds 

except livability, intake and FCR on day 65 through to d 93 and 100 of the experiment. Birds 

fed diets containing medium and high CP gained more and recorded higher BW compared 

to those on low CP, (Tables 4.4, 4.5 & 4.6).  

 

 

 

 

 

 

 

 



Table 4.4: Effects of experimental diets on the growth performance of Guinea fowls d 

at 65 

Treatment Livability, % BW, g Intake, g Gain, g FCR 

T1 97.78 404.9a 1225 243.3a 5.077 

T2 95.28 418.4a 1229 262.2a 4.708 

T3 91.78 322.1b 1057 156.9b 6.907 

SEM 3.980 14.30 74.80 13.30 0.636 

P-Value 0.579 0.001 0.201 0.001 0.066 

T1, 20.08 %.; T2,17.33 %; T3, 13.69 %.; BW, Body weight; FCR, Feed conversion ratio 

corrected, SEM, Standard error of mean.ab- Means with different superscripts in a column 

are significantly different (p<0.05). 

 

Table 4.5: Effects of experimental diets on the growth performance of Guinea fowls at 

d 93  

Treatment Livability, % BW, g Intake, g  Gain, g FCR 

T1 74.22 686.8a 3171a  525.2a 6.080 

T2 73.39 726.5a 3106b  570.2a 5.452 

T3 65.44 545.7b 2472b  380.5b 6.609 

SEM 4.290 27.60 1420  26.90 0.326 

P-Value 0.315 0.001 0.008  0.001 0.079 

T1, 20.08 %.; T2,17.33 %; T3, 13.69 %.; BW, Body weight; FCR, Feed conversion ratio 

corrected, SEM, Standard error of mean, ab- Means with different superscripts in a column 

are significantly different (p<0.05) 

 

 

 

 

 

 

 

 



Table 4.6: Effects of experimental diets on the growth performance of Guinea fowls at 

d 100  

Treatment Livability, % BW, g Intake, g Gain, g FCR 

T1 76.44 508.3a 1828a 346.8a 5.324 

 

T2 71.17 515.2a 1878a 358.9a 5.237 

T3 65.44 361.7b 1065b 196.5b 5.487 

SEM 4.630 33.50 166 32.10 0.256 

P-Value 0.281 0.011 0.008 0.006 0.786 

T1, 20.08 %.; T2,17.33 %; T3, 13.69 %.; BW, Body weight; FCR, Feed conversion ratio 

corrected, SEM, Standard error of mean. ab- Means with different superscripts in a column 

are significantly different (p<0.05) 

 

 

4.4 Effects of Experimental Diets on the Carcass Traits (% BW) of Guinea 

Fowls d 65 and d 93 

Dietary treatments did not affect (p > 0.05) the carcass traits measured on d 65 of the feed 

trial (Table 4.7). However, on d 93, dietary treatments had a significant effect (p < 0.05) on 

the gizzard weight of experimental birds. The diet containing low levels of dietary CP (13.69 

%) produced birds whose gizzard weights were higher (p < 0.05) than their counterparts on 

the high and medium dietary CP levels. Aside the gizzard, all other carcass traits were non-

responsive to the dietary treatments on the same period (Table 4.7). 

Table 4.7: Effects of experimental diets on the carcass weight (% BW) of Guinea Fowl 

D 65  

Treatment Heart Liver Gizzard Breast Thigh 

T1 0.045 0.113 0.247 0.179 0.431 

T2 0.039 0.113 0.257 0.191 0.426 

T3 0.041 0.112 0.291 0.174 0.391 

SEM 0.003 0.008 0.018 0.011 0.014 

P-Value 0.500 0.998 0.229 0.554 0.148 

 T1, 20.08 %.; T2,17.33 %; T3, 13.69 %.; BW, Body weight; SEM, Standard error of mean. 

 



Table 4.8: Effects of Experimental Diets on the carcass weight (% LBW) of Guinea 

fowl d 93 

Treatment Heart Liver Gizzard Breast Thigh 

T1 0.034 0.090 0.150b 0.183 0.469 

T2 0.033 0.095 0.156b 0.161 0.479 

T3 0.032 0.092 0.198a 0.159 0.447 

SEM 0.002 0.006 0.012 0.014 0.010 

P-Value 0.853 0.870 0.030 0.445 0.100 

T1,20.08 %.; T2,17.33 %; T3, 13.69 %.; BW, Body weight; SEM, Standard error of mean, 
ab- Means with different superscripts in a column are significantly different (p<0.05) 

   

 

4.5 Effects of Treatments on Bone Weight and Dimension of Guinea Fowl 

d 65  

Except for Tibial length, all other bone parameters measured on day 65 were non-responsive 

(P > 0.05) to dietary treatments. The tibial length of birds fed diets containing high CP 

(20.08 %) appeared longer (P < 0.05) than that of those fed medium (17.33 %) and low CP 

(13.69 %) diets, respectively (Table 4.9).  

 

4.6 Effects of Treatments on Bone Weight and Dimension of Guinea Fowl 

d 93  

On day 93, femur length and tibial length were affected (P < 0.05) by dietary treatment, 

indicating that the medium CP (17.33 %) diet produced birds whose femur length and tibial 

length were improved compared to the high CP (20.08 %) and low CP (13.69 %) diets, 

respectively (Table 4.10). 

 

 

 

 



Table 4.9: Effects of treatments on bone weight and dimension of Guinea fowls d 65 

Treatment Tibia 

Weight 

(g) 

Femur 

Weight 

(g) 

Tibia 

Length 

(mm) 

Femur 

Length 

(mm) 

Tibia 

Diameter 

(mm) 

 

Femur 

Diameter 

(mm) 

T1 0.355 0.308 67.05a 28.44 29.52 4.702 

T2 0.346 0.299 62.99b 27.27 27.54 4.367 

T3 0.337 0.305 61.06b 30.94 21.98 4.372 

SEM 0.010 0.012    1.280     2.790 2.560 0.187 

P-Value 0.468 0.849    0.018 0.647 0.140 0.378 

T1, 20.08 %.; T2, 17.33 %; T3, 13.69 %. And SEM, Standard error of mean; ab- Means 

with different superscripts in a column are significantly different (p<0.05) 

 

Table 4.10: Effects of treatments on bone weight and dimension of Guinea fowl d 93 

 

Treatment *Tibia 

Weight 

(%) 

*Femur 

Weight 

(%) 

Tibia 

Length 

(mm) 

Femur 

Length 

(mm) 

Tibia 

Diameter 

(mm) 

Femur 

Diameter 

(mm) 

T1 0.409 0.376 91.74b 70.72a 5.509 6.022 

T2 0.398 0.358 94.53a 71.66a 5.628 5.952 

T3 0.393 0.350 86.14c 66.61b 5.203 5.664 

SEM 0.010 0.009 0.767 0.580 0.112 0.168 

P-Value 0.539 0.174 0.000 0.000 0.051 0.318 

T1, 20.08 %.; T2,17.33 %; T3, 13.69 %. And SEM, Standard error of mean. ab- Means with 

different superscripts in a column are significantly different (p<0.05), *Value expressed as 

a percent of live body weight. 

 

 

4.6.1 Effects of treatments on bone breaking strength of Guinea fowls d 65 

and d 93 

According to results in Table 4.11, neither the tibia nor femur breaking strengths of the 

experimental birds were influenced (P > 0.05) by dietary treatment on day 65 and day 93 of 

the experiment. 

 



Table 4.11: Effects of experimental diets on bone-breaking strength of Guinea fowls d 

65 and 93 

Treatment d 65 d 93 

 Tibia BS (N) Femur BS (N) Tibia BS (N) Femur BS (N) 

T1 50.80 61.20 132.4 202.1 

T2 51.90 73.80 117.3 173.3 

T3 46.70 72.80 121.4 148.7 

SEM 6.990 9.920 12.00 17.90 

P-Value 0.859 0.619 0.666 0.151 

T1, 20.08 %.; T2,17.33 %; T3, 13.69 %; BS, breaking strength, and SEM, Standard error of 

mean. 

 

4.7 Effects of Treatments on Gastrointestinal pH of Guinea Fowls d 93 

None of the pH of the intestinal segments measured on d 93 was significantly affected (P > 

0.05) by dietary treatment (Table 4.12). 

 

Table 4.12: Effects of experimental diets on the gastrointestinal pH of Guinea fowls d 

93 

Parameter Crop  Provent  Gizzard  Duodenum Ileum Jejunum  Caecum  

T1 4.584 1.068 1.882 5.409 6.903 5.694 6.640 

T2 5.021 1.079 2.370 5.741 6.780 5.793 6.507 

T3 4.778 1.059 1.920 5.380 6.494 5.616 6.558 

SEM 0.143 0.037 0.194 0.154 0.242 0.113 0.077 

P-Value 0.138 0.929 0.184 0.226 0.491 0.555 0.488 

T1, 20.08 %.; T2, 17.33 %; T3, 13.69 %.; SEM, Standard error of mean    

 

 



4.8 Effects of Treatments on Haematological Traits of Guinea Fowls d 93 

On day 93 of the study (Table 4.13), it was observed that none of the haematological 

parameters measured were significantly affected by the dietary treatments (P> 0.05). 

Although statistically not significant, birds on the low crude protein diet (13.69 %) record 

higher white blood cell (WBC), red blood cell (RBC), and glucocorticoid-remediable 

aldosteronism (GRA) counts compared to those on the high (20.08 %) and medium (17.33 

%) crude protein diets. Birds on the medium crude protein diet, however, showed slightly 

higher GRA values than those on the high crude protein diet. 



Table 4.13: Effects of experimental diets on haematological traits of Guinea fowls 

d 93 

Parameter T1 T2 T3 SEM P-Value 

WBC (109/L) 114.6 104.0 116.4 3.590 0.064 

LYM (109/L) 97.89 90.86 99.12 2.680 0.103 

MID (109/L) 9.646 8.952 9.708 0.361 0.295 

GRA (109/L) 7.050 4.140 7.540 1.040 0.081 

LYM (%) 

MID (%)                                          

GRA (%)                                

85.44 

    8.420             

6.140 

87.52 

    8.640        

3.840 

85.24 

     8.320 

6.440 

0.878 

0.116 

0.891 

0.169 

   0.179 

0.120 

RBC (1012/L) 2.068  2.116 2.250 0.050 0.060 

HGB (g/dL) 10.58 12.42 13.00 1.060 0.278 

HCT (%) 31.30 31.64 33.70 0.811 0.118 

MCV (fL) 131.2 149.6 149.6 10.80 0.406 

MCH (pg) 60.72 58.76 57.92 1.540 0.444 

MCHC (g/dL) 40.10 39.26 38.68 0.691 0.374 

RDW-SD (fL) 90.34 87.42 87.00 2.060 0.481 

RDW- CV (%) 13.06 12.99 12.76 0.321 0.789 

PLT (109/L) 10.80 9.200 9.600 1.440 0.723 

MPV (fL) 5.880 5.880 5.800 0.192 0.944 

PDW (%) 12.80 10.10 11.44 0.942 0.170 

PCT (%) 0.006 0.005 0.006 0.001 0.664 

P- LCR (%)  0.940 0.840 0.680 0.204 0.670 

T1, 20.08 %.; T2, 17.33 %; T3,13.69 %.; SEM, Standard error of mean; RBC, red blood cell; 

WBC, white blood cell; HGB, haemoglobin; HCT, hematocrit; MCV, mean corpuscular 

volume; MCH, mean corpuscular haemoglobin; MCHC,mean. 



CHAPTER FIVE: DISCUSSION 

It is imperative to optimise nutritional requirements to improve Guinea fowl production in 

terms of growth performance, carcass quality, and bone health. Dietary protein is one important 

factor that influences these traits. Okyere et al. (2020a) asserted that the performance of Guinea 

fowls is influenced by the quality of their diet because a deficiency of protein has been linked 

to stunted growth (Khairunnesa et al., 2016), which in turn impacts the overall performance of 

Guinea fowls. This chapter discusses how three dietary protein levels, supplemented with 

crystalline lysine and methionine, affect the growth performance, carcass traits, haematology, 

and bone characteristics of pearl Guinea fowls. 

5.1 Effects of Experimental Diets on Growth Performance of Guinea Fowls 

The growth performance of Guinea fowls is greatly influenced by protein, which is an essential 

part of their diet. A diet rich in protein can help Guinea fowls grow faster, convert feed more 

efficiently, and gain more weight. In this study, it was found that increasing dietary protein 

levels improved the growth performance parameters that were measured throughout the 

experimental period. In comparison to birds fed low levels (13.69 %) of CP, those fed high 

(20.08 %) and medium levels (17.33 %) of CP showed higher BW and gain. Although there 

was no significant difference between the high and medium CP diets, the values recorded for 

BW, gain, and FCR of birds on the medium level of CP (17.33 %) were numerically better than 

those on the high (20.08 %) CP levels, thereby giving the birds on the medium level (17.33 %) 

of CP an advantage over their counterparts on the high CP and low CP diets. Okyere et al. 

(2020a) and Hounkpêvi et al. (2024) reported that feeding Guinea fowls high levels of CP 

resulted in improved growth performances, indicating that the higher the CP, the better the 

performance. The results of the present study, however, contradict the reports from these 

previous authors, Okyere et al. (2020a) and Hounkpêvi et al. (2024), as a medium-level 



(17.33%) CP diet, instead of a high CP diet, resulted in better growth performance of the 

Guinea fowls.  

Although feed intake did not differ significantly among treatments, the poorer feed conversion 

ratio observed in the low-protein group indicates inefficient nutrient utilisation. This may be 

attributed to the higher ME: CP ratio, which promotes energy storage as fat rather than lean 

tissue deposition (Sell et al., 1985; Lamot, 2017; Gous et al., 2018). Consequently, maintaining 

an appropriate balance between energy and protein is critical to achieving optimal growth and 

feed efficiency. 

The lack of significant differences in livability among treatments suggests that variations in 

protein level did not adversely affect bird health or survival under the experimental conditions. 

However, the notable decline in performance under the lowest protein diet underscores the 

importance of formulating diets that support both metabolic efficiency and growth potential. 

 

5.2 Effects of Experimental Diets on Carcass Weight (% BW) of Guinea 

Fowls  

Except for the gizzard weight (% BW), which was increased by the low CP diet (13.69%), no 

other carcass characteristic was affected by the different CP levels in the diets. It has been 

widely accepted that high-protein diets promote muscle growth and development, which 

subsequently influence total carcass yield (Alippi et al., 2012; Wang et al., 2017). But unlike 

the fast growth rate that comes from feeding high-protein diets, low-protein feeds like the one 

in this study can occasionally help regulate the rate of growth in poultry. Slower growth can 

allow skeletal and muscle development to catch up with the bird's overall size, resulting in a 

more balanced and well-proportioned carcass (Roul, 2020). Conversely, a rapid growth rate 

can lead to larger but less developed muscles. Contrary to reports from Hounkpêvi et al. (2024), 

who noted improvements in the weights of leg muscle, liver, jejunum, and ileum when birds 

were fed a high-protein diet. 



The low-CP diet in this study improved the weight of the gizzard at the expense of the high-

CP diet. The higher gizzard weight in birds fed the lowest protein diet suggests a compensatory 

physiological response to increased fibre or reduced nutrient density in the feed. Similar 

observations were reported by Mateos et al. (2012), who noted that low-protein diets stimulate 

greater gizzard development as birds adapt to process larger feed volumes or less nutrient-

dense diets. 

The absence of significant differences in liver and heart weights among treatments implies that 

moderate reductions in dietary protein did not adversely affect metabolic or cardiovascular 

organ development. This aligns with the findings of Firman and Boling (1998), who reported 

that early dietary protein manipulation within practical limits does not impair vital organ 

function in broilers. 

Likewise, the relative weights of breast and thigh muscles were not significantly influenced by 

dietary treatment, suggesting that short-term reductions in dietary protein did not substantially 

alter carcass muscle deposition. However, the trend toward lower breast yield in birds fed 

reduced protein diets may reflect limited amino acid availability for muscle accretion, as 

supported by Kazem and Imari (2024), who demonstrated that inadequate protein intake can 

redirect energy toward maintenance and fat storage rather than lean tissue synthesis. 

 

 

5.3 Effects of Experimental Diets on Bone Weight, Bone Dimension and Bone 

Breaking Strength of Guinea Fowls 

It has been demonstrated that several factors, including nutrition, either directly or indirectly 

affect bone and bone strength (Rath et al., 2000; Whitehead, 2000). For vertebrates to grow 

normally, bone development is essential (Almeida Paz and Bruno, 2006). Protein is also equally 

important as calcium and phosphorus (Hunt et al., 2009) and according to Hounkpêvi et al. 



(2024), protein is an important component of bones and should be consumed in sufficient 

amounts to maintain the health of the bones. Dietary protein level exerted a significant 

influence on bone morphometry, particularly on tibia and femur lengths, while bone weight 

and diameter were not significantly affected. Birds receiving moderate to high protein diets 

exhibited longer tibiae and femora compared with those fed the lowest protein level, indicating 

that adequate protein intake supports skeletal growth and mineralisation. This finding agrees 

with previous studies demonstrating that protein adequacy during the growth phase enhances 

bone development through improved amino acid supply for collagen synthesis and calcium 

deposition (Rath et al., 2000; Shim et al., 2012). The lack of significant variation in bone 

weight and diameter across treatments suggests that protein restriction primarily affects bone 

elongation rather than overall bone mass or density. Similar observations were made by Talaty 

et al. (2010), who reported that moderate reductions in dietary protein altered bone length but 

not cortical thickness in broilers. The shorter bones observed in birds fed the lowest protein 

diet may be attributed to impaired osteoblastic activity and reduced nutrient availability 

necessary for endochondral ossification, processes known to be sensitive to dietary protein and 

energy balance (Liu and Kim, 2023).  While protein doesn't directly influence bone 

development, it can affect the mineral composition of the bone. According to Dao et al. (2022), 

feeding birds low-protein diets decreased some mineral elements in the femur and tibia of birds. 

In another study, Abdulla et al. (2017) observed that high dietary energy levels in poultry have 

been linked to bone health issues, including effects on bone mass, strength, turnover, and the 

possibility of bone problems like weakness, deformity, and breakage. This, therefore, could 

suggest that the Guinea fowls on the diet that contained 17.33 % CP and 2976.96 Kcal/Kg ME 

had a protein and energy ratio that was sufficient to encourage healthy bone development. The 

results of this study differ from those of Hounkpêvi et al. (2024), who reported that varying 

crude protein levels in the diet had no significant effect on tibia and femur length. Oluwabiyi 



et al. (2022) also after feeding groups of pullets with varying amounts of crude protein, 

observed that the pullets' bone traits were unaffected by the variation in crude protein content 

in the diet.  

 

5.4 Effects of Experimental Diets on Gastrointestinal pH of Guinea Fowls 

A consensus exists that high dietary protein levels can lower the pH of the gut because protein 

digestion causes the gut to produce acids, which lower pH levels. Nutrient absorption and 

digestion from feed are optimised at lower pH levels (Humer et al., 2015). Dietary protein level 

did not significantly influence the pH of any gastrointestinal segment in Guinea fowls at 93 

days of age. The absence of significant differences across treatments suggests that variations 

in dietary crude protein within the tested range were not sufficient to alter the acid–base 

environment of the digestive tract. This finding is consistent with previous reports indicating 

that gastrointestinal pH is more strongly regulated by physiological and microbial mechanisms 

than by moderate dietary nutrient adjustments (Svihus, 2011; Abdaljaleel, 2018). 

The relatively stable pH values observed throughout the gastrointestinal tract reflect normal 

digestive function, with acidic conditions in the proventriculus and gizzard facilitating 

enzymatic protein breakdown and more neutral to slightly alkaline conditions in the small 

intestine supporting nutrient absorption. Similar pH patterns have been described in poultry by 

Rodjan et al. (2018), who noted that the gastric regions maintain low pH due to hydrochloric 

acid secretion, while the intestinal sections exhibit higher pH values to optimise enzyme 

activity and microbial balance. 

Although slight numerical variations were observed, particularly in the crop and gizzard of 

birds on the moderate-protein diet, these were not statistically significant. Such trends may 

indicate minor adaptive responses in digestive secretions to dietary composition, as previously 

reported by Zhang et al. (2023), who found that diet structure and nutrient density can subtly 

affect digesta pH by modifying retention time and microbial fermentation. 



This observation contrasts with reports from several studies where feeding broiler chickens 

diets containing moderate to high crude protein levels (approximately 20–24% CP) improved 

the health of the gastrointestinal tract and enhanced small intestinal mucosal structure (Swatson 

et al., 2002; Gilbert et al., 2022). 

 

5.5 Effects of Experimental Diets on Haematological Traits of Guinea Fowls 

The protein content of poultry diets can significantly influence haematological parameters, 

which are important indicators of physiological and immune status. Low dietary protein has 

been associated with reduced white blood cell (WBC) counts and impaired immunity (Mitruka 

and Rawnsley, 1977). In the present study, however, birds fed low levels of dietary crude 

protein (CP) exhibited higher (P>0.05) WBC, red blood cell (RBC), and granulocyte (GRA) 

counts compared to those on medium and high CP diets. This contrasts with the findings of 

Rafiu et al. (2021), who reported that Guinea fowls fed a high-CP diet (20%) had higher WBC 

counts than those fed 16%, 18%, and 22% CP diets. 

The haematological values obtained in this study fall within the normal physiological ranges 

reported for healthy Guinea fowls and other poultry species, WBC (20–35 × 10⁹/L), RBC (2.5–

3.5 × 10¹²/L), Hb (9–13 g/dL), and PCV (30–40%) (Mitruka and Rawnsley, 1977; Taleb et al., 

2017). This indicates that, despite the reduced CP content, the experimental diets adequately 

supported normal haematopoiesis and immune competence. The relatively higher values 

observed for WBC and RBC under the low-CP treatment suggest efficient utilization of dietary 

nutrients and sufficient metabolizable energy (2865.30 kcal/kg), which may have compensated 

for the lower protein level. Adequate energy availability facilitates erythropoiesis and immune 

cell production, ensuring birds maintain stable physiological function (Taleb et al., 2017). 

 

 

 

 

 



 

 

  



CHAPTER SIX: CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

The following conclusions were made at the end of the feed trial: 

1. The diet containing 17.33 % CP with 0.15 % and 0.4 % crystalline lysine and 

methionine supplementation is ideal for promoting better growth performance in 

Guinea fowls. 

2. Bone traits of Guinea fowls were enhanced when birds were fed 17.33 % CP with 0.15 

% and 0.4 % crystalline lysine and methionine supplementation.  

3. A 13.69% crude protein diet supplemented with 0.9% crystalline lysine and 0.25% 

methionine enhanced gizzard weight in Guinea fowls, though the biological 

mechanisms and health implications require further investigation. The gastrointestinal 

pH of Guinea fowls was not influenced by the varied crude protein levels and the 

crystalline amino acid supplementation of experimental diets. 

4. All haematological indices of Guinea fowls studied were not significantly influenced 

by dietary treatment; nevertheless, the white blood cell, red blood cell, and GRA levels 

of Guinea fowls were increased numerically by feeding a diet containing 13.69 % CP 

with 0.9 % and 0.25 % crystalline lysine and methionine supplementation. 

 

6.2 Recommendations 

At the end of the feed trial, the following recommendations were made: 

1. For optimal growth performance and better bone traits, Guinea fowls could be fed diets 

containing 17.33 % CP and supplemented with 0.15 % and 0.4 % of crystalline amino 

acids, respectively. 

2. A cost-benefit analysis should be conducted to determine whether supplementing low-

protein diets with crystalline amino acids is economically viable for Guinea fowl 

production. 



3. Similar studies should be conducted on other breeds of Guinea fowls to assess the 

impact of different dietary crude protein levels and amino acid supplementation on 

growth performance, carcass quality, bone traits, and haematological parameters.  



REFERENCES 

Abbasi, I. H. R., Abbasi, F., Abd El-Hack, M. E., Abdel-Latif, M. A., Soomro, R. N., Hayat, 

K., ... & Cao, Y. (2018). Critical analysis of excessive utilization of crude protein in 

ruminants ration: impact on environmental ecosystem and opportunities of 

supplementation of limiting amino acids—a review. Environmental Science and 

Pollution Research, 25, 181-190. 

Abdaljaleel, R. A. (2018). Effect of Yeast Cell Wall Supplementation on Ideal Threonine to 

Lysine Ratios in Broilers as Measured by Performance, Intestinal Morphology, Ileal 

Digestibility and Mucin Secretion (Doctoral dissertation). 

Abdallah, N., & Oyebamiji, O. A. (2024). Guinea fowl production in Africa: economic 

importance and constraints. Egyptian Journal of Veterinary Sciences, 1-15. 

Abdulla, N. R., Loh, T. C., Akit, H., Sazili, A. Q., Foo, H. L., Kareem, K. Y., Mohamad, R. & 

Abdul Rahim, R. (2017). Effects of dietary oil sources, calcium and phosphorus levels 

on growth per- formance, carcass characteristics and bone quality of broiler chickens. 

J. Appl. Anim. Res. 45:423–429. 

Adam, M. (1997). The constraints and the prospects for guinea fowl production in the Northern 

Region of Ghana: A case study of the Damongo Area. B. Se. digsertation, Faculty of 

Agriculture, University for Development Studies Tamale. 47pp. 

Adebowale, T. O., Yao, K., & Oso, A. O. (2019). Major cereal carbohydrates in relation to 

intestinal health of monogastric animals: A review. Animal nutrition, 5(4), 331-339. 

Adewale, K. D., Ibrahim, M., & Bello, A. R. (2018). Temperature management in guinea fowl 

brooding. Poultry Science Journal, 56(2), 113-121. 

Adu-aboagye, G. (2020). Reproductive traits of the indigenous Guinea fowl under tropical 

humid conditions ; the effect of egg size. 32(June). 

Aftab,U., Asharaf, M., Jiang, Z. (2006). Low protein diets for broilers. World’s Poult Sci 

J;62:688e701. 

Agbolosu, A.A., Teye, G.A., Jebuni, S.N., Ansah, T and Naandam, J. (2012). Comparative 

study of growth and laying performance of indigenous layer guinea fowls (Numida 

meleagris) from Upper East, Upper West and Northern Regions of Ghana. Agric. Biol. 

J. N. Am. 3(9): 354-359 

Ahiagbe, K. M. J., Amuzu-Aweh, E. N., Bonney, P., Nyameasem, J. K., Avornyo, F. K., 

Adenyo, C., & Kayang, B. B. (2021). Comparison of early growth and survivability in 



 indigenous guinea fowls from Northern Ghana. Tropical Animal Health and 

 Production, 53, 1-17. 

Akarikiya, S. A. (2021). Quail production systems, prospects and constraints in 

Ghana (Doctoral dissertation). 

Alabi, O. O., Abang, C., Olajide, O. P., Animashahun, R. A., & Etta-Oyong, S. O. (2023). 

Growth performance and carcass traits of indigenous Nigerian guinea fowl fed on 

different dietary protein levels. Journal of Advanced Veterinary and Animal Research, 

10(3), 403–409. https://doi.org/10.5455/javar.2023.j693 

Alagawany, M., Elnesr, S. S., Farag, M. R., Tiwari, R., Yatoo, M. I., Karthik, K., ... & Dhama, 

K. (2021). Nutritional significance of amino acids, vitamins and minerals as 

nutraceuticals in poultry production and health–a comprehensive review. Veterinary 

Quarterly, 41(1), 1-29. 

Alders, R. G., Dumas, S. E., Rukambile, E., Magoke, G., Maulaga, W., Jong, J., & Costa, R. 

(2018). Family poultry: M ultiple roles, systems, challenges, and options for sustainable 

contributions to household nutrition security through a planetary health lens. Maternal 

& child nutrition, 14, e12668. 

Ali, M., Hussein, A., & Omar, F. (2020). Vaccination and disease management in keet brooding. 

Veterinary Journal of Africa, 32(3), 210-217. 

Alippi, R. M., Picasso, E., Huygens, P., Bozzini, C. E., & Bozzini, C. (2012). Growth-

dependent effects of dietary protein con- centration and quality on the biomechanical 

properties of the diaphyseal rat femur. Endocrinol. Nutr. 59:35–43. 

Almeida Paz, I. C. L., & Bruno, L. D. G. (2006). Bone mineral den- sity: review. Braz. J. Poult. 

Sci. 8:69–73. 

Amoah, K.O., Nyameasem, J.K, Asiedu, P., Adu-Aboagye, G.A, Wallace, P., & Ahiagbe, K.M,. 

(2018). Protein and energy requirements for indigenous guinea keets (Numida 

meleagris) in southern Ghana. Ghana J Agric Sci; 52:105–11. 

Annor, S. Y., Apiiga, S. Y., & Ahiaba, J. (2012). A Handbook on Guinea Fowl Production in 

Ghana. Quality Type Limited. 

Araújo, I. C. S., Guato Guamán, C., Sousa, L. S., Santos, H. J. B., Lopes, T. S. B., Costa, B. T. 

A., & Lara, L. J. C. (2023). Guinea fowl production in the world. World’s Poultry 

Science Journal, 79(2), 379–390. https://doi.org/10.1080/00439339.2023.2189205 

Arije, d. O. (2021). Myostatin gene sequence and its morphometric implications in helmeted 

guinea fowl breeds (Doctoral dissertation, Landmark University, Omu Aran, Kwara 

State). 



Asare, Y., & Owusu, B. (2023). Probiotic supplementation in guinea fowl keet diets. African 

Journal of Animal Science, 25(1), 98-104. 

Avornyo, F. K., Salifu, S., Moomen, A., & Agbolosu, A. A. (2013). Effect of Dietary Protein 

on the Performance of Local Guinea Keets in the Northern Region of Ghana. Greener 

Journal of Agricultural Sciences, 3(7), 585–591. 

https://doi.org/10.15580/gjas.2013.3.062513689 

Avornyo, F. K., Salifu, S., Panyan, E. K., Al-Hassan, B. I., Ahiagbe, M., & Yeboah, F. (2016). 

Characteristics of guinea fowl production systems in northern Ghana. A baseline study 

of 20 districts in northern Ghana. Livestock Research for Rural Development, 28(8), 1-

12. 

Ayub, A., Rasool, F., Khan, N., Qaisrani, S. N., Parveen, S., Anjum, K. M., ... & Zulfiqar, T. 

(2021). Limiting amino acids supplementation in low crude protein diets and their 

impacts on growth performance and carcass composition in Labeo rohita (rohu) adult 

fish. Brazilian Journal of Biology, 83, e249422. 

Baimbill-Johnson, N., Anaman, K. A., & Amegashie, D. (2021). Evaluation of the resource 

efficiency of guinea fowl production in the Savelegu-Nanton District of the Northern 

Region of Ghana. Journal of Development and Agricultural Economics, 13(2), 142-

155. 

Barszcz, M., Tuśnio, A., & Taciak, M. (2024). Poultry nutrition. Physical Sciences Reviews, 

9(2), 611-650. 

Baruwa, O.I., & Sofoluwe, N.A. (2016). “Profitability and Resource Use Efficiency of Guinea 

Fowl (Numida Meleagris) Production under Tropical Conditions.” Journal of Livestock 

Science Vol. 7. Ile-Ife. 

Belloir, P., Meda, B., Lambert, W., Corrent, E., Juin, H.,Lessire, M., & Tesseraud, S. (2017). 

Reducing the CP content in broiler feeds: impact on animal performance, meat quality 

and nitrogen utili- zation. Animal 11:1881–1889. 

Berres, J., Vieira, S. L.,. Dozier, W. A., Cortês, III, M. E. M., de Bar- ros, R., Nogueira, E. T., 

& Kutschenko, M. (2010). Broiler responses to reduced-protein diets supplemented 

with valine, isoleucine, glycine, and glutamic acid. J. Appl. Poult. Res. 19:68–79. 

Bonkoungou, G. F. X. (2005). Characteristics and performance of Guinea fowl production 

under improved and scavenging conditions in the Sahelian region of Burkina 

Faso (Doctoral dissertation, Royal Veterinary and Agricultural University, Department 

of Animal and Veterinary Basic Sciences). 



Bortoluzzi, C., Rochell, S.J, & Applegate, T.J. (2018). Threonine, arginine, and glutamine: 

influences on intestinal physiology, immunology, and microbiology in broilers. Poult 

Sci; 97:937–45 

Bregendahl, K., Sell, J. L., & Zimmerman, D. R. (2001). Effect of Low-Protein Diets on 

Growth Performance and Body Composition of Broiler Chicks 1 , 2. Poultry Science, 

81(8), 1156–1167. https://doi.org/10.1093/ps/81.8.1156 

Brink, M., Delezie, E., & Janssens, G. (2022). Source-oriented strategies to mitigate ammonia 

emission from broiler production. 

Chojnacka, K., Mikula, K., Izydorczyk, G., Skrzypczak, D., Witek-Krowiak, A., Gersz, A., ... 

& Korczyński, M. (2021). Innovative high digestibility protein feed materials reducing 

environmental impact through improved nitrogen-use efficiency in sustainable 

agriculture. Journal of Environmental Management, 291, 112693. 

Costa, M. F. (2023). Assessment of Dietary Energy and Amino Acid Diet Formulation in the 

Modern Broilers. University of Arkansas. 

Dao, H. T., Moss, A. F., Bradbury, E. J., & Swick, R. A. (2022). Bone mineralisation status of 

broilers fed reduced-protein diets supple- mented with L-arginine, guanidinoacetic acid 

and L-citrulline. Anim. Prod. Sci. 62:539–553. 

Dunlop, M. W., Moss, A. F., Groves, P. J., Wilkinson, S. J., Stuetz, R. M., & Selle, P. H. (2016). 

“The Multidimensional Causal Factors of ‘Wet Litter’ in Chicken-meat Production.” 

Science of the Total Environment 562: 766–776. doi:10.1016/j.scitotenv.2016.03.147. 

Embury, I.(2001). Raising Guinea Fowl. Agfact, A5.0.8, (New South Wales Agriculture 

Publications, USA, P4.) 

FAO.(2014) Food outlook: Biannual report on global food markets;. 

Available:http://www.fao.org/docrep/019/I3 751E/I3751E.pd 

Forsan, H. F. (2024). Effect of feed additives as an alternative to imported premix on the 

productive and physiological performance of chicken. Journal of Life Science and 

Applied Research, 5(2), 51-59. 

Garcia, E.A., Mendes, A.A., Pizzolante, C.C.,Saldanha, E.S., Moreira, P.B.,Moric, J. and Pavan 

A.C., (2005). Protein, Methionine + Cystine and Lysine Levels for Japanese Quails 

during the Production Phase. Journal of Poultry Science 6:232–249. 

Gilbert, M. S., Smidt, H., Kwakkel, R. P., Gilbert, M. S., Smidt, H., & Caecal, R. P. K. (2022). 

Caecal protein fermentation in broilers : a review. World’s Poultry Science Journal, 

78(1), 103–124. https://doi.org/10.1080/00439339.2022.2003170 

https://doi.org/10.1093/ps/81.8.1156


Gill, C., (2003). Pig and Poultry: Value-added‟ Ingredients or more Amino Acids? Feed 

International. April 2003, 24 (4):27-29. 

Golzer, S.A., Moghaddam, Gh., Taghizadeh, A., Nematollahi, A. and Farahvash, T. (2006). 

International Journal of Poult Science. 5(10), 970-974 

Gono, R. K., Svinurai, W., &Muzvondiwa, J. V. (2013). Constraints and opportunities to 

Guinea fowl production in Zimbabwe: A case study of the Midlands Province, 

Zimbabwe. International Journal of science and Research, 2(3), 236-239.  

Gous, R. M., Faulkner, A. S., & Swatson, H. K. (2018). The effect of dietary energy: protein 

ratio, protein quality and food allocation on the efficiency of utilisation of protein by 

broiler chickens. British poultry science, 59(1), 100-109. 

Greenhalgh, S., Chrystal, P. V., Selle, P. H., & Liu, S. Y. (2020). Reduced-crude protein diets 

in chicken-meat production: justification for an imperative. World's Poultry Science 

Journal, 76(3), 537-548. 

Hayat, Z., Rehman, A. U., Akram, K., Farooq, U., & Saleem, G. (2015). Evaluation of a natural 

methionine source on broiler growth performance. Journal of the Science of Food and 

Agriculture, 95(12), 2462-2466. 

Hernandez, F., Megias, M. D., Orengo, J., Martinez, S.,  Lopez, M. J., & Madrid, J. (2013). 

Effect of dietary protein level on retention of nutrients, growth performance, litter 

composition and NH3 emis- sion using a multi-phase feeding programme in broilers. 

Spanish J. Agric. Res. 2013 11:736–746. 

Hilliar, M., Hargreave, G., Girish, C. K., Barekatain, R., Wu, S. B., & Swick, R. A. (2020). 

Using crystalline amino acids to supplement broiler chicken requirements in reduced 

protein diets. Poultry Science, 99(3), 1551-1563. 

Hounkpêvi, J. A., Adjei-Mensah, B., Adjibodé, A. G., Tona, K., Koutinhouin, B., & Pitala, W. 

(2024). Dietary protein levels during 12 to 26 wk improve the growth performance, 

bone quality, and testosterone in Pearl Gray male guinea fowl (Numida meleagris). 

Poultry Science, 103(1), 1–9. https://doi.org/10.1016/j.psj.2023.103173 

Howard, L. K. (2024). Influence of Rainfall and Vegetation Color on Northern Bobwhite 

Reproduction (Master's thesis, Texas A&M University-Kingsville). 

Humer, E., Schwarz, C., & Schedle, K. (2015). Phytate in pig and poultry nutrition. Journal of 

animal physiology and animal nutrition, 99(4), 605-

625.https://doi.org/10.1111/jpn.12258 

https://doi.org/10.1016/j.psj.2023.103173
https://doi.org/10.1111/jpn.12258


Hunt, J. R., Johnson, L. K., & Fariba Roughead, Z. K. (2009). Dietary protein and calcium 

interact to influence calcium retention: a con- trolled feeding study. Am. J. Clin. Nutr. 

89:1357–1365. 

Iddrisu, A. (2003). Improving the Brooding Management of the Local Guinea fowl Keets. BSc. 

Dissertation. Faculty of Agriculture, Department of Animal Science, University for 

Development Studies, Tamale. 

Iddrisu, A. (2014). Growth Response of Guinea Fowls Fed Diets Containing Bovine Blood 

Blended with Cassava. MSc. Dissertation. Faculty of Agriculture, Department of 

Animal Science, Kwame Nkrumah University of Science and Technology, Kumasi. 

Islam, M. S., & Kabir, A. (2021). Productivity of chicken breeds: scenarios in Northern 

Bangladesh. LAP Lambert Academic Publishing, Germany. 

Issaka, Y. B., & Yeboah, R. W. N. (2016). Socio-economic attributes of guinea fowl production 

in two districts in Northern Ghana. African Journal of Agricultural Research, 7(4), 

1209–1217. https://doi.org/10.5897/AJAR2015.10258 

Jacob, J., & Pescatore, A. (2022). Guineafowl. Gamebird Medicine and Management, 297-318. 

Jajere, S. M., Lawal, J. R., Atsanda, N. N., Hamisu, T. M., & Goni, M. D. (2018). Prevalence 

and Japanese Quails during the Production Phase. Journal of Poultry Science 6:232–

249. 

John, A. O. (2024). Effect of Feeding Different Levels of Terminalia Arjuna Stem Bark Extract 

on The Hematological and Serum Biochemical Parameters of Guinea Fowl. Clinical 

Investigations and Research, 3(1). 

Kamran Z, Sarwar, M., Nisa, M., Nadee, M.A., Mahmood, S., Babar, M.E., & Ahmed, S. 

(2008).Effect of low-protein diets having constant energy-to-protein ratio on 

performance and carcass characteristics of broiler chickens from one to thirty-five days 

of age. Poultry Sci;87:468e74. 

Kazem, Q. S., & Imari, Z. K. (2024, July). Effects of using Different Levels of Crude Protein 

with or Without Probiotic Addition on Blood Indicators, Carcass Traits and Immunity 

Response. In IOP Conference Series: Earth and Environmental Science (Vol. 1371, No. 

7, p. 072015). IOP Publishing. 

Kebe, S., Ndiaye, A., & Diallo, M. (2020). Effect of heating systems on guinea fowl keet 

growth. Journal of Avian Health, 14(4), 342-350. 

Khairunnesa, M., Das, S. C., & Khatun, A. (2016). Hatching and growth performances of 

guinea fowl under intensive management system. 70–77. 



Khwatenge, C. N., Kimathi, B. M., & Nahashon, S. N. (2020). Transcriptome analysis and 

expression of selected cationic amino acid transporters in the liver of broiler chicken 

fed diets with varying concentrations of lysine. International journal of molecular 

sciences, 21(16), 5594. 

Kidd, M. T., Maynard, C. W., & Mullenix, G. J. (2021). Progress of amino acid nutrition for 

diet protein reduction in poultry. Journal of Animal Science and Biotechnology, 12, 1-

9. 

Kidd, M.T., Tillman, P.B., Waldroup, P.W., Holder, W. (2013).Feed-grade amino acid use in the 

United States: the synergetic inclusion history with linear programming. J Appl Poultry 

Res;22:583e90. 

Kusina, J.F., Kusina, N.T., Makuza, S.M., Maphosa T and Sibanda S. (2004). A monitoring 

study comparing production of village chickens between communal (Nharira) and 

small-scale commercial (Lancashire) farming areas of Zimbabwe. Livestock Research 

for Rural Development 16 (7): 13. 

Kusina, N. T., Saina, H., Kusina, J. F., &Lebel, S. (2012). An insight into Guinea fowl rearing 

practices and productivity by Guinea fowl keepers in Zimbabwe. African Journal of 

Agricultural Research, 7(25), 3621-3625.  

Kvarnemo, C. (2018). Why do some animals mate with one partner rather than many? A review 

of causes and consequences of monogamy. Biological Reviews, 93(4), 1795-1812. 41  

Lamot, D. (2017). First week nutrition for broiler chickens: effects on growth, metabolic status, 

organ development, and carcass composition (Doctoral dissertation, Wageningen 

University and Research). 

Lemme A, Hiller, P., Klahsen, M., Taube, V., Stegemann, J., & Simon, I. (2019).Reduction of 

dietary protein in broiler diets not only reduces n-emissions but is also accompanied by 

several further benefits. J Appl Poultry Res:1e14. 

Liu, G., & Kim, W. K. (2023). The functional roles of methionine and arginine in intestinal and 

bone health of poultry. Animals, 13(18), 2949. 

Mallam, M., & Mangaru, M. M. (2019). The performance of kerosene incubator in hatchability 

trials of Guinea fowl eggs during the rainy season. Gombe Technical Education 

Journal, 12(1), 121-129. 

Mateos, G. G., Jiménez-Moreno, E., Serrano, M. P., & Lázaro, R. P. (2012). Poultry response 

to high levels of dietary fiber sources varying in physical and chemical 

characteristics. Journal of Applied Poultry Research, 21(1), 156-174. 



Mensah, J., & Azza, S. (2017). Lighting effects on guinea fowl keet development. Journal of 

Agricultural Sciences, 13(2), 65-74. 

Miles, D. M., Branton, S. L., & Lott, B. D.  (2004). Atmospheric am- monia is detrimental to 

the performance of modern commercial broilers. Poult. Sci. 83:1650–1654 

Mir, N. A., Rafiq, A., Kumar, F., Singh, V. & V. Shukla. (2017). Deter- minants of broiler 

chicken meat quality and factors affecting them: a review. J. Food Sci. Technol. 

54:2997–3009. 

Mitruka, B. M., & Rawnsley, H. M. (1997). Clinical biochemical and haematologica l reference 

value in normal experimental animals(pp. 35–50). 

Molden, D., Oweis, T., Steduto, P., Bindraban, P., Hanjra, M. A., &Kijne, J. (2010). Improving 

agricultural water productivity: Between optimism and caution. Agricultural water 

management, 97(4), 528-535.  

Molnar, C., Gair, J., & Rye, C. (2015). Concepts of biology-1st Canadian edition. BCcampus: 

Victoria, BC, Canada. 

Moreki, J. C., & Radikara, M. V. (2013). Challenges to commercialization of guinea fowl in 

Africa. International Journal of Science and Research, 2(11), 436-440. 

Moreki, J. C., &Radikara, M. V. (2013). Challenges to commercialization of Guinea fowl in 

Africa. International Journal of Science and Research, 2(11), 436-440.  

Moreki, J.C. (2009). Guinea Fowl Production. Reach Publishers, Wandsbeck, South Africa, 

3631. pp. 7-31. 

Morris, T. R. (2004). Nutrition of the chicken. In Proceedings of the Nutrition Society (Vol. 63, 

pp. 437-452). Cambridge University Press. 

Murton, R. K. and Westwood, N. J. (1977). Avian Breeding Cycles. Clerendon Press, Oxford. 

Naazie, A., Canacoo, E.A. and Mwinbong, C. (2007). Socio-Cultural Aspects of poultry 

production in the Upper East region of Ghana. Ghanaian Journal of Animal Science, 2 

and 3:35-44. 

Nahashon, S. N., Adefope, N., Amenyenu, A., & Wright, D. (2005). Effects of dietary 

metabolizable energy and crude protein concentrations on growth performance and 

carcass characteristics of French guinea broilers. Poultry Science, 84(2), 337–344. 

https://doi.org/10.1093/ps/84.2.337 

Nahm, K. H. (2007). Feed formulations to reduce N excretion and ammonia emission from 

poultry manure.Bioresour. Technol. 98:2282–2300. 

Nanette, B., Kwabena, A.A., & Amegashie, D. (2021). “Evaluation of the Resource Efficiency 

of Guinea Fowl Production in the Savelegu-Nanton District of the Northern Region of 

https://doi.org/10.1093/ps/84.2.337


Ghana.” Journal of Development and Agricultural Economics 13 (2): 142–55. 

https://doi.org/ 10.5897/jdae2020.1223. 

Nkrumah, T., & Adusei, K. (2018). Brooder design for guinea fowl keets. Poultry Management 

Review, 11(3), 145-153. 

Nkwanyana, T. Z. (2020). Dietary Effects of Marula (Sclerocarya Birrea Caffra) Nut Meal on 

the Growth, Health and Meat Quality of Broiler Guinea Fowl (Numida 

Meleagris) (Master's thesis, University of the Witwatersrand, Johannesburg (South 

Africa)). 

Ofori, H., Amoah, F., Arah, I., & Krampah, E. K. (2019). Proximate analysis and metabolizable 

energy of poultry feeds. ARPN Journal of Engineering and Applied Sciences, 14(5), 

1026–1032. 

Oke, U. K., Herbert, U. and Akinmutimi, A. H. (2003). Early Lay Characteristics and 

Haematology of Pearl Guinea Fowls as Influenced by Dietary Protein and Energy 

Levels. International Journal of Poultry Science 2(2): 128-132. 

Oke, U. K., Herbert, U. and Nwuchukwu, E. N. (2004). Association Between Body Weight and 

Some Egg Production Traits in the Guinea Fowl (Numida meleagris galeata Pallas). 

Livestock Research for Rural Development. 16(9):6. 

Oke, U. K., Herbert, U., & Akinmutimi, A. H. (2003). Early lay characteristics and 

haematology of pearl guinea fowls as influenced by dietary protein and energy levels. 

International Journal of Poultry Science, 2(2), 128–132. 

https://doi.org/10.3923/ijps.2003.128.132 

Okyere, K., Kagya-Agyemang, J. K., Annor, S. Y., Asabere-Ameyaw, A., & Kyere, C. G. 

(2020a). Influence of season and day length on production and reproductive traits and 

egg characteristics of the guinea fowl (Numida meleagris). Asian J. Res. Zool. 3:26–34. 

Oladejo, S. A., Adeyemi, J. O., & Fawole, M. T. (2022). Dietary requirements in keet brooding. 

International Journal of Poultry Nutrition, 27(2), 178-188. 

Olayode, R. F., Aanuoluwapo, A. A., & Gbenga, E. O. (2014). Response of broiler chickens to 

diets of varying protein contents under ad libitum and skip-a-day feeding regimes. 

African Journal of Agricultural Research, 9(1), 113–118. 

https://doi.org/10.5897/ajar12.1318 

Oluyemi, J.A. and Roberts, F.A. (2000). Poultry Production Nigeria in Warm - Wet Climates. 

Spectrum Books Limited, Ibadan, Nigeria 244 pp. 



Onunkwo, D. N., &Okoro, I. C. (2015). Egg Production Performance of Three Varieties of 

Guinea Fowls in Humid Tropics. International Journal of Current Research and 

Review, 7(8), 1.  

Orounladji, B. M., Oke, F. O., Tozo, K., & Chrysostome, C. A. (2022). Socioeconomic 

correlates, typology and characterization of indigenous guinea fowl (Numida 

meleagris, Linnaeus) farming in Benin, West Africa. Heliyon, 8(4). 

Ospina-Rojas, I. C., Murakami, A. E., Eyng, C., Nunes, R.V., Duarte, C. R., & Vargas, M. D. 

(2012). Commercially available amino acid supplementation of low-protein diets for 

broiler chickens with different ratios of digestible glycine+serine:lysine. Poult. Sci. 

91:3148–3155. 

Otieno, P., Mbogo, J., & Kariuki, L. (2019). Ventilation and its impact on guinea fowl health. 

Poultry Health Science, 15(1), 90-102. 

Paschal, C. A. (2021). Growth and amino acid utilisation in broiler chickens fed supplemental 

glycine in low crude protein diets with varied methionine and threonine (Doctoral 

dissertation). 

Payne, W.J.A. (1990). An Introduction to Animal Husbandry in the Tropics. 4th Ed. Longman 

Group Ltd. Singapore. pp. 739 – 740. 

Powers, W., Angel, R., Zamzow, S., & Applegate, T. (2006). Reducing broiler air emissions 

through diet. Poult. Sci. 85(Suppl. 1):25 

Prabakaran, R., & Valavan, S. E. (2020). Breeding strategies for native chicken production in 

India. 

Rafiu, T. A., Adetutu, O. I., Adesoye, F. A., Adeniji, O. J., & Oluwafemi, E. O. (2021). 

Performance characteristics and meat quality assessment of guinea fowl fed varied 

levels of dietary protein. Nigerian Journal of Animal Production, 48(5), 135–142.  

Rafiu, T. A., Olayeni, T. B., Fawole, O. O., Babalola, A., & Adeola, B. O. (2022). Growth 

performance and carcass characteristics of growing Keets fed different protein 

sources. Energy (Kcal/kg), 2610(2626), 2600. 

Rath, N. C., Huff, G. R., Huff, W. E., & Balog, J. M. (2000). Factors regulating bone maturity 

and strength in poultry. Poult. Sci. 79:1024–1032. 

Rodjan, P., Soisuwan, K., Thongprajukaew, K., Theapparat, Y., Khongthong, S., 

Jeenkeawpieam, J., & Salaeharae, T. (2018). Effect of organic acids or probiotics alone 

or in combination on growth performance, nutrient digestibility, enzyme activities, 

intestinal morphology and gut microflora in broiler chickens. Journal of animal 

physiology and animal nutrition, 102(2), e931-e940. 



Ross, M. L., Bryan, D. D., Abbott, D. A., & Classen, H. L. (2019). Effect of protein sources on 

performance characteristics of turkeys in the first three weeks of life. Animal 

Nutrition, 5(4), 396-406. https:// doi.org/10.1016/j.aninu.2019.09.002. 

Roul, A. K. (2020). Carcass characteristics and meat quality traits of some native chicken 

population of Odisha (Doctoral dissertation, Department of Poultry Science, OUAT, 

Bhubaneswar). 

Sadeghi, G. H., & Tabiedian, S. A. (2005). Effect of different energy to protein ratio and tallow 

supplementation on broiler performance. International Journal of Poultry Science, 

4(12), 976–981. https://doi.org/10.3923/ijps.2005.976.981 

Saeed, M., Abbas, G., Alagawany, M., Kamboh, A. A., Abd El-Hack, M. E., Khafaga, A. F., & 

Chao, S. (2019). Heat stress management in poultry farms: A comprehensive overview. 

Journal of thermal biology, 84, 414-425. 

Saina, H. (2005). Guinea fowl (Numida meleagris) Production under smallholder farmer 

management in Guruve District. Zimbabwe, Department of Animal Science, University 

of Zimbabwe.. Master of Philosophy Thesis. 

Sale, J. and DuPrezz, J.J. (1997). Protein and energy requirements of the pearl Grey Guinea 

fowl. World’s Poultry Science Journal, 54 (3): 381 – 385. 

Sankhyan, V., Katoch, S., Thakur, Y. P., Dinesh, K., Patial, S., & Bhardwaj, N. (2013). Analysis 

of characteristics and improvement strategies of rural poultry farming in north western 

Himalayan state of Himachal Pradesh, India. Livestock research for rural development, 

25(12). 

Seidu, R. K., Howard, E. K., &Asinyo, B. K. (2017). Assessment of Indigenous and 

Contemporary Smock Weaves of Bolgatanga in the Upper East Region of Ghana. 

ADRRI Journal of Arts and Social Sciences, 15(3), 1-14. 44  

Sell, D.R., Reed, W.M., Charisman, C.L. & Rogler, J.C. (1985). Mucin excretion and 

morphology of the intestinal tract as influenced by sorghum tannins. Nutrition Reports 

International 31: 1369-1374 

Shao,D., Shen,Y., Zhao, X., Wang,Q., Hu,Y., Shi,S., Tong,H.(2018). Low-protein diets with 

balanced amino acids reduce nitrogen excretion and foot pad dermatitis without 

affecting the growth performance and meat quality of free-range yel- low broilers. Ital 

J Anim Sci;17(3):698e705. 

Shim, M. Y., Karnuah, A. B., Mitchell, A. D., Anthony, N. B., Pesti, G. M., & Aggrey, S. E. 

(2012). The effects of growth rate on leg morphology and tibia breaking strength, 

https://doi.org/10.3923/ijps.2005.976.981


mineral density, mineral content, and bone ash in broilers. Poultry Science, 91(8), 1790-

1795. 

Sigolo, S., Zohrabi, Z., Gallo, A., Seidavi, A., & Prandini, A. (2017). Effect of a low crude 

protein diet supplemented with different levels of threonine on growth performance, 

carcass traits, blood parameters, and immune responses of growing broilers. Poultry 

Science, 96(8), 2751–2760. https://doi.org/10.3382/ps/pex086 

Soara, A. E., Talaki, E., Dayo, G. K., Oke, O. E., Belem, A. M. G., & Tona, K. (2020). 

Indigenous Guinea fowl (Numida meleagris) production in West Africa: Inventory, 

performances and constraints–A review. European Poultry Science, 84, 1-13. 

Svihus, B. (2011). The gizzard: function, influence of diet structure and effects on nutrient 

availability. World's Poultry Science Journal, 67(2), 207-224. 

Swatson, H. K., Gous, R., Iji, P. A., & Zarrinkalam, R. (2002). Effect of dietary protein level, 

amino acid balance and feeding level on growth, gastrointestinal tract, and mucosal 

structure of the small intestine in broiler chickens. Animal Research, 51(6), 501-515. 

https://doi.org/10.1051/animres 

Swelum, A. A., Elbestawy, A. R., El-Saadony, M. T., Hussein, E. O., Alhotan, R., Suliman, G. 

M.,& Abd El-Hack, M. E. (2021). Ways to minimize bacterial infections, with special 

reference to Escherichia coli, to cope with the first-week mortality in chicks: an updated 

overview. Poultry science, 100(5), 101039. 

Takyi-Mensah, R. (2012). Constraints to production, distribution and consumption of locally 

processed poultry meat in the greater Accra region of Ghana (Doctoral dissertation, 

University of Cape Coast).  

Talaty, P. N., Katanbaf, M. N., & Hester, P. Y. (2010). Bone mineralization in male commercial 

broilers and its relationship to gait score. Poultry Science, 89(2), 342-348. 

Taleb, Z., Sadeghi, A. A., Shawrang, P., & Chamani, M. (2017). Effect of energy levels and 

sources on the blood attributes and immune response in broiler chickens exposed to 

heat stress. 52–58. 

Tesseraud, S., Pym, R. A. E., Le Bihan-Duval, E., & Duclos, M. J. (2003). Response of broilers 

selected on carcass quality to dietary protein supply: Live performance, muscle 

development, and circulating insulin-like growth factors (IGF-I and -II). Poultry 

Science, 82(6), 1011–1016. https://doi.org/10.1093/ps/82.6.1011 

Teye, G. A. & Adam, M. (2000). Constraints to Guinea fowl production in Ghana. A case study 

in the Damango area. Ghana Journal of Agricultural Science. 33: 153-157.  

https://doi.org/10.1051/animres


Teye, G. A. and Gyawu, P. (2002). A Guide to Guinea Fowl Production in Ghana. Department 

of Animal Science. University for Development Studies, Tamale, Ghana. 14pp. 

Teye, G. A., Gyawu, P., Agbolosu, A. A., Dei, H. K. & Adjekum, Y. A. (2000). Simple technique 

for sexing young Guinea fowl. World Poultry Science. Wiede Van der Suis. (16) 7: 22-

23. 

Timbermont, L., Haesebrouck, F., Ducatelle, R., & van Immerseel, F. (2011). “Necrotic 

Enteritis in Broilers: An Updated Review on the Pathogenesis.” Avian Pathology 40 

(4): 341–347. doi:10.1080/03079457.2011.590967. 

Tunde, R., Olaniyan, A., & Oba, F. (2021). Brooder design and keet welfare. Animal Welfare 

Science, 19(3), 54-62. 

Van Harn, J., Dijkslag, M. A., & Van Krimpen, M. M. (2017, November). Effect of low dietary 

protein levels on performance, litter quality and footpad lesions in broilers. 

In Proceedings of the 21st European Symposium on Poultry Nutrition (pp. 185-185). 

Wageningen Academic. 

Wade, B., & Keyburn, A. (2015). “The True Cost of Necrotic Enteritis.” World’s Poultry 

Science 31: 16–17. 

Wagari, A. (2021). A review on infectious bursal disease in poultry. Health Economics & 

Outcome Research: Open Access, 7(2), 18-23.  

Wahab, M. K., Busari, A. O., Wahab, M. J., Idris-Adeniyi, K. M., & Akinfoyewa, M. A. (2024). 

Economic assessment of guinea fowl (numida meleagris) farming among the rural 

households in the buffer zone of the oba hills forest reserve, Nigeria. Agricultural 

Sciences/Agrarni Nauki, 16(41). 

Wall, D. C. (2023). Evaluating the Influence of Genetics and Advances in Hen Nutrient 

Requirements on Performance, Microbial and Intestinal Function, Bone Integrity, and 

Egg Production Efficacy on 1940 Vs. 2016 Commercial Laying Hens. North Carolina 

State University. 

Wang, J., Yue, H., Wu, S., Zhang, H., & Qi, G. (2017). Nutritional modulation of health, egg 

quality and environmental pollution of the layers. Anim. Nutr. 3:91–96. 

Watsona, H. K. S., Ousa, R. G., & Jib, P. A. I. (2002). Effect of dietary protein level , amino 

acid balance and feeding level on growth , gastrointestinal tract , and mucosal structure 

of the small intestine in broiler chickens. 51, 501–515. https://doi.org/10.1051/animres 

Widyaratne, G. P., & Drew. M. D., (2011). Effects of protein level and digestibility on the 

growth and carcass characteristics of broiler chickens. Poult. Sci. 90:595–603. 

https://doi.org/10.1051/animres


Wu, B., Cui, H., Peng, X., Fang, J., Cui, W., Liu, X. (2013). Pathology of bursae of Fabricius 

in methionine-deficient broiler chickens. Nutrients, 5, 877–886. [CrossRef] [PubMed] 

Wu, X., Cheng, Y., Sui, L., Zeng, C., Southgate, P. C. and Yang, X. (2007). Effect of dietary 

supplementation of phospholipids and highly unsaturated fatty acids on reproductive 

performance and offspring quality of Chinese mitten crab. Eriocheirsinensis (H. Milne-

Edwards), female broodstock. Aquaculture, 273(4),602-613. 

Yakubu, K., Ibrahim, T., Egbo, M. L., Shuaibu, A., & Umar, H. A. (2019). Some Factors 

affecting Incubation Parameters of Guinea Fowl (Numida meleagris) Eggs. Nigerian 

Journal of Animal Science and Technology (NJAST), 2(1), 97-106. 

Yamak, U.S., Boz, M.A., and Sarica, M. (2015). Changes in Guinea fowl fertility and hatching 

traits over a 4-monthlaying season with long-term egg storage conditions. Indian J. 

Animal Research. 49(4): 532-536. 

Yeboah, D. E., Mensah, P., & Abban, S. (2019). Optimal nutrition for keet survival. Journal of 

Avian Nutrition, 29(2), 85-93. 

Yeboah, D. E., Mensah, P., & Abban, S. (2021). Lighting regimen effects on keet performance. 

Journal of Avian Biology, 30(2), 123-130. 

Zanu, H. K., Iddrisu, M., Fosu, B. G., Ketemepi, H. K., & Bedford, M. R. (2023). Influence of 

two levels of phytic acid and particle size of oyster shell on the performance, calcium 

digestibility, gastrointestinal pH, and bone traits in broilers. British Poultry Science, 

64(6), 763-772. 

Zhang, C., Hao, E., Chen, X., Huang, C., Liu, G., Chen, H., ... & Chen, Y. (2023). Dietary fiber 

level improve growth performance, nutrient digestibility, immune and intestinal 

morphology of broilers from day 22 to 42. Animals, 13(7), 1227. 

Zongo, A., Diarra, S., & Traore, K. (2019). Natural additives in brooding diets. Journal of 

Alternative Poultry Nutrition, 18(4), 97-105.ba 

 

 


