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EXTENDED ABSTRACT

Smallholder  chicken  farmers  produce  more  than  60%  of  chicken  meat  and  eggs  in 

Tanzania. As the poultry industry grows, it is increasingly becoming important to focus 

on strategies to increase meat and egg production while considering quality and safety in 

order  to produce and retain the ever-expanding markets.  The study was conducted to 

evaluate  the  effect  of  breed,  diet  and  level  of  feed  supplementation  on  growth 

performance, egg production, feed conversion ratio, survivability, meat and egg quality of 

Sasso and Kuroiler chickens. The study was conducted in three separate growing  phases, 

that  is  the starter phase (0–6 weeks of age), grower phase (6–20 weeks of age) and layer 

phase  (21–40 weeks  of  age).  One thousand sixty  (1060)  day-old  Sasso  and Kuroiler 

chicks were raised until 6 weeks under intensive management system with three dietary 

treatments. At the age of 6 weeks, a total of 960 birds (480 Sasso and 480 Kuroiler) were 

randomly selected from each treatment diet and assigned to four feed supplementation 

levels  viz.   25%,  50%,  75%  and  100%  with  two  replicates  having  20  birds  each. 

Beginning week 7, all experimental  birds were allowed to semi-scavenge from 6:00 am 

in the morning to 6:00 pm in the evening with free access to open grass area with a space 

allowance of 1 bird/4 m2.  Grower rations and layer rations based on the three categories, 

which is commercial, medium-cost and low-cost formulation were fed from 7th to the 20th 

week of age and 21st to the 40th week of age respectively. At the age of 20 weeks, five 

male chickens were randomly selected from each treatment combination and sacrificed 

for detailed carcass and meat quality assessments. Concurrently, four hundred and eighty 

female  chickens  aged  twenty  weeks  were  randomly  assigned  to  24  treatment 

combinations in a 2x3x4 factorial  experiment with two replicate each. The treatments 

were breeds (Sasso and Kuroiler), diets (D1 - commercial, D2 – medium-cost and D3 - 

low-cost), and levels of supplementation (100%, 75%, 50% and 25%).
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In phase I, birds given commercial diet (D1) excelled (p < 0.05) in live weight, total live 

weight gains and feed conversion ratio followed by medium-cost (D2) and low-cost (D3) 

diets respectively. In phase II, during the 7th to 20th weeks of the growing phase, breed, 

diet  and levels  of  supplementation  had a  significant  influence  (p < 0.05)  on the  live 

weight and weight gain at 20 weeks of age. Sasso (2776.25g) chickens were heavier than 

Kuroiler (2509.54g) chickens on weight at 20 weeks of age. The average weight of birds 

in D1 (2642.89g) and D2 (2521.75g) was better than D3 (2102.58g). The higher average 

body weight was attained in 100% (2776.25g) level of supplementation, followed by 75% 

(2293.17g), 50% (2060.80g) and 25% (1586.09g). Feed cost per kilogram gain increased 

(p < 0.05) with an increase in the level of supplementation. Days taken by birds to reach 

market weight (2 kg) with 100%, 75%, 50% and 25% level of dietary supplementation 

were 16, 18, 20 and more than 20 weeks respectively. The survival rate for Sasso and 

Kuroiler was 99.8% and 97.1% respectively. 

Furthermore, the results showed that breed, diet and level of dietary supplementation had 

a  significant  effect  (p<0.05) on age at  first  lay and egg production parameters.  Sasso 

matured  earlier  (156days)  than  Kuroiler  (165days)  and had higher  egg production  of 

69.77% compared to 52.95% respectively.  D1was associated with lower age at sexual 

maturity (ASM) and resulted to higher egg production, while ASM and egg production 

was significantly  (P<0.05)  improved as the  level  of  supplementation  increased.  Sasso 

exhibited  higher  (p  <  0.05)  HDEP  and  HHEP  values  across  all  diets  and  levels  of 

supplementation. Diet and levels of feed supplementation significantly (P<0.05) affected 

egg weight with 100% level of supplementation resulting in the heaviest eggs, while the 

25% supplementation level led to production of  smaller  eggs. All internal egg qualities 

except  Haugh  Unit  (HU)  were  significantly  (P<0.05)  increased  by  the  level  of 
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supplementation. The effect of diets on internal egg quality was only significant (P<0.05) 

for a few internal egg quality variables such as yolk weight and yolk diameter. 

The cost of production was higher for commercial diet and highly supplemented birds. 

The dressing percentage (DP),  pH, cooking loss, crude protein (CP) content of breast, 

thigh  and  drumstick  joints  were  higher  in  Sasso  than  in  Kuroiler.  Slaughter  weight 

decreased by 11.9%, 26.3% and 32.2% when supplementation level was reduced to 75%, 

50% and 25%, respectively.  The DP of chickens on D1 and D2 were comparable but 

higher than that of D3. The CP and ash contents in breast joints from D1 and D2 were 

higher than those from D3 (P<0.05).  However, the values of ether extract for drumstick 

from D1 (3.98) and D2 (3.71) were comparable but higher than in D3 (3.38). Diets also 

influenced tenderness (P<0.05) whereby thigh muscle in birds fed D2 (33.37N) and D3 

(32.93N) tended to be tougher than those fed D1 (30.32N). On meat colour, values for 

redness (a*) and yellowness (b*) were higher in Kuroiler than in Sasso. The L* and a* 

value in breast joint tended to increase with a reduction in the level of supplementation 

but it was the opposite in the case of the drumstick. 

It is concluded that appreciable growth performance can be attained for semi-scavenging 

Sasso and Kuroiler chickens when supplemented with medium-cost or low-cost diets at 

the level of 50 to 75% of their daily feed requirements. Egg productivity and egg quality 

traits were significantly improved by breed, diet and higher levels of supplementation. 

However, less supplemented (25% and 50%) birds gave numerically higher income over 

feed compared to those on higher levels of supplementations for the first twenty weeks of 

production. It is therefore recommended that 50% level of supplementation using D2 be 

used in semi-intensive system of production because it is less costly than D1 for both egg 

and meat production.
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CHAPTER ONE

1.0   GENERAL INTRODUCTION

1.1   Background of the Study

Semi-scavenging  poultry  production  is  a  potential  avenue  for  increasing  poultry 

production  and  income  and  improving  the  livelihoods  of  members  of  poor  rural 

households. In developing countries, the poultry subsector is dominated by indigenous 

chicken  ecotypes  that  depend  on  scavenging  for  feeds  with  minimal  feed 

supplementations. Consequently, the productivity of these chickens in terms of meat and 

eggs  is  characteristically  low  (Minga  et  al., 2003  and  Getiso  et  al.,  2017).  For  the 

commercial  sector  (broilers  and  layers)  breeding  has  gone  hand  in  hand  with  an 

improvement in nutrition to maximize the genetic potential. 

For the local unimproved ecotypes, there have been efforts by individuals and projects to 

address the low productivity of the local chickens (Mutayoba et al., 2012 and Sanka and 

Mbaga,  2014).  From a  genetic  point  of  view,  productivity  can  be  improved  through 

selection within a breed or adopting crossbreeding strategies.  Reciprocal crossbreeding 

and the formation of hybrids or synthetic lines have been the main genetic interventions 

in poultry (Munisi et al., 2015). Yet the products resulting from breeding must be able to 

remain  productive  under  various  agro-ecologies  and different  socio-economic  settings 

(Zaman et al., 2004).  In an endeavor to address the low productivity of local chickens, 

hybrids such as Sasso and Kuroiler which are dual-purpose birds bred for meat and eggs 

were developed in recent past. Among the criteria were that the breed should be multi-

colored  and able  to  perform well  under  village  conditions  where  the  majority  of  the 

farming community resides. It  has been demonstrated that  with good supplementation 

breeds such as Sasso and Kuroiler are able to reach a market weight of 2 kg in 3 months 
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and could lay an average of 150 eggs per annum (SASSO 2016 and Sharma et al., 2015). 

In this regard, both breeds provide an opportunity to farmers who want to take advantage 

of the in-betweens of the traditional free-range local chickens and the fast-growing hybrid 

broiler.

1.2   Problem Statement and Justification

1.2.1   Problem statement

In Tanzania, the main chicken production systems in rural and peri-urban communities 

are  free-range  and  semi-scavenging  which  are  characterized  by  low  inputs  and  low 

outputs  (Goromela  et  al., 2007).  Under  the  scavenging  and  semi-scavenging  system, 

chickens  do  not  receive  adequate  balanced  diet  throughout  the  production  period 

(Mwalusanya  et al.,  2002b and King’ori  et al.,  2010).  Reports by Wattanachatt  et al. 

(2007) indicated that more intensive rearing systems in Thai chickens resulted in higher 

carcass weights. Rearing chickens with full-fed supplements resulted in village chickens 

with a high percentage of breast muscle, which was tenderer and of better quality than 

muscle  from  an  extensive  system  (Wattanachatt, 2008). Furthermore,  supplementing 

village chickens with commercial feed tended to give them more intramuscular fat and 

resulting  in  better  sensory  attributes  (Wattanachatt, 2008). However, high 

supplementation of local chicken needs to address the availability of such supplements 

and the cost  associated  with such strategy for it  to be cost  effective  and sustainable. 

Accounting  for  production  cost  will  likely  increase  adoption  rate  thus,  impacting 

positively the livelihoods of the smallholder farmers. FAO (2019) identified poor feeding 

as one of the major constraints in chicken production, in particular under rural setting due 

to a number of factors. These include seasonal variability in scavengable feed resources, 

non-commercial  mentality  of  household  raising  chicken  and  poverty  among  others. 

Therefore,  introduction  of  genetically  improved  chickens  such as  Sasso  and Kuroiler 
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which are much heavier than most of the local chicken ecotypes demands  that strategic 

feeding  packages  need  to  be  developed  especially  under  a  semi-intensive  system for 

farmers to take advantage of the relative high productivity of these breeds compared to 

the local birds. While commercial diets give good performance in terms of meat and egg 

production,  fully  feeding  commercial  diets  to  dual-purpose  birds  such  as  Sasso  and 

Kuroiler may not be cost-effective.

 

The  recent  introduction  of  the  two  dual-purpose  breeds  and  their  popularization  has 

created  a  demand  for  low-cost  feeds.  Thus,  some private  individuals  have  taken  the 

advantage and started formulating such diets to serve the growing market for these stocks. 

In general, there are no guidelines on how much improved breeds should be fed under a 

semi-intensive system.  To address this  challenge,  it  is important  to evaluate  strategic 

feeding regimes that could be affordable by smallholder farmers and yet able to meet a 

large part of the nutrient requirements of these birds. 

1.2.2   Justification of the study 

This  study  responds  to  the  wide-ranging  African  Chicken  Genetic  Gain  (ACGG) 

Program; Tanzania Livestock Master Plan (TLMP); and the Sustainable  Development 

Goals (SDGs) targets for addressing poverty and hunger. It was undertaken as an on-

station simulated semi-scavenging research focusing on smallholder chicken farmers. The 

information from this study is critical in designing nutritional packages that will meet the 

expectation of the smallholder farmers who opt to rear improved chickens. Therefore, the 

present study aimed to develop packages of low-cost diet and evaluate various feeding 

options on the growth performance, carcass characteristics  and meat quality of Sasso and 

Kuroiler  chickens.  It  is  hypothesized  that  a  suitable  feed  supplementation  regime for 

genetically  improved  chickens  could  reduce  feed  costs  and  yet  achieve  a  reasonable 
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growth  rate,  slaughter  weight  and  egg  production.  It  is  also  expected  that  poultry 

producers will use the information to scale up the keeping of these breeds and ultimately 

contribute to income and food security of the households. 

1.3   Objectives of the study

1.3.1   Overall objective 

The overall objective of the present study was to develop feeding strategies that would 

help to increase the overall productivity of genetically improved breeds under a semi-

scavenging system of poultry production in Tanzania.

1.3.2   Specific objectives

The specific objectives of the study were:

i. To formulate low-cost feed diets for supplementing Sasso and Kuroiler chickens 

under semi-scavenging system.

ii. To evaluate the growth performance of Sasso and Kuroiler chickens fed different 

levels of the three diets under a semi-scavenging system of production.

iii. To evaluate the egg production and egg quality of Sasso and Kuroiler chickens fed 

different levels of the three diets under a semi-scavenging system of production.

iv. To evaluate the effects of levels of supplementation on carcass characteristics and 

meat quality of Sasso and Kuroiler chickens; and 

v. To determine  the  economics  of  levels  of  supplementation  on semi-scavenging 

system on weight gain and egg production of Sasso and Kuroiler chickens. 
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1.4   Research Hypothesis

i. Ho: Different diets at varying levels of supplementation under a semi-intensive 

system of  production have no effect  on the growth performance of Sasso and 

Kuroiler chickens;

ii. Ho: Different diets at varying levels of supplementation under a semi-intensive 

system of production have no effect on the egg production and quality of Sasso 

and Kuroiler chickens; and

iii. Ho: Different diets at varying levels of supplementation under a semi-intensive 

system of production have no effect on the carcass characteristics and meat quality 

of Sasso and Kuroiler chickens.
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CHAPTER TWO

2.0   GENERAL METHODOLOGY

2.1   Study Area

The  experiment  was  conducted  on-station  at  the  Sokoine  University  of  Agriculture, 

Department of Animal, Aquaculture and Range Sciences poultry unit. The area is situated 

6oS and 37oE and it is about 3 km south of Morogoro town. The area lies on the foot of 

the slopes of Uluguru Mountain at an elevation of about 500-600m above sea level. The 

annual rainfall ranges between 600 and 1000 mm per annum and the temperature ranges 

between 30oC - 35oC during the hottest months (October to January) and 20 – 27oC in the 

coolest months (April to August).

2.2   Objective I: Formulation of Medium-Cost and Low-Cost Diets and Determines 

their Nutritional Profile

 Two  diets  were  formulated,  one  of  low-cost  and  the  other  of  medium-cost.  Feed 

ingredients for diet formulation were bought from input suppliers in Morogoro town. The 

third category of feed was a commercial brand produced by Silverland Tanzania, Poultry 

and Feed Production Company. The diets comprised of starter, grower and, layer mash 

for the three categories of feeds i.e. low-cost, medium-cost and commercial type. Samples 

of  500g  from each  diet  were  collected  and  taken  to  Tanzania  Veterinary  Laboratory 

Agency (TVLA) for  proximate  analysis,  minerals  and amino acid  determination.  The 

proximate analyses were done according to the procedures described by AOAC (2016). 

Minerals  and  amino  acid  profiles  were  determined  by  the  near-infrared  reflectance 

spectroscopy (NIR) technique.
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2.3   Objective II: To evaluate the Growth Performance of Sasso and Kuroiler 

Chickens Fed Three Diets at Varying Levels of Supplementation under a 

Semi-Intensive System of Production 

A  total  of  1060  day  old  chicks  (530  Sasso  and  530  Kuroiler)  were  obtained  from 

Silverlands commercial hatchery in Iringa region and AKM Glitters commercial hatchery 

in Dar es Salaam, Tanzania respectively. On arrival, the day-old chicks were individually 

weighed by using a digital  weighing balance; wing banded and brooded separately by 

strain for six weeks using three different starter diets viz.  They were fed commercial feed 

(D1),  medium-cost  diet  (D2)  and  low-cost  formulated  diet  (D3)  varying  the  diets  at 

different stages of growth and production. During the brooding phase, the study adopted a 

2 x 3 factorial design experiment with 2 breeds and 3 diets. All chickens were vaccinated 

against  Marek’s  disease,  Newcastle  disease,  Gumboro  and  Fowlpox  according  to 

manufacturer/company recommendations. 

During the growing phase (6-20 weeks of age) a total of 960 birds (480 Sasso and 480 

Kuroiler)  were  randomly  selected  from  three  dietary  treatments  and  allotted  to  four 

dietary supplementation levels.  In this phase, a 2 x 3 x 4 factorial arrangement with two 

breeds (Sasso and Kuroiler), three diets (D1= commercial, D2 = medium-cost and D3 = 

low-cost) and four supplementation levels per diet was adopted.  In total there were 24 

experimental  units  each  replicated  twice  with 20 birds  per  replicate.  Supplementation 

levels were 100, 75, 50 and 25% of recommended feed allowance per day (Appendices 1, 

2, 3 and 4). At the beginning of week 7, birds were allowed to semi-scavenge from 6:00 

am morning to 6:00 pm evening with free access to an open grass area of 1 bird/4m2 (8m 

x 20m = 160m2 for 40 birds). Grower rations based on the three categories of diets i.e. 

commercial,  medium-cost and low-cost were fed from the 7th to the 20th week of age. 

Water  was given adlibitum  to all  experimental  birds.  Individual  weight measurements 
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were recorded on weekly basis and the feed given was recorded on daily basis. The cost 

of the commercial feeds and those for ingredients used in compounding D2 and D3 were 

recorded. A General Linear Model (GLM) procedure of SAS was used to analyze the 

data. The breed, diet and level of supplementation were fitted as fixed factor and weights 

at Day 1 and at 6 week of age were used as covariate for brooding and growing phase 

respectively. 

2.4   Objective III: To evaluate the Egg Production and Egg Quality of Sasso and 

Kuroiler Chicken Fed three Diets at Varying Levels of Supplementation under 

a Semi-Intensive System of Production 

Layer rations were fed from 21st to 40th week of age to 480 birds (240 Sasso and 240 

Kuroiler). A 2 x 3 x 4 factorial arrangement with two breeds (Sasso and Kuroiler), three 

diets  (D1=  commercial,  D2  =  medium-cost  feed  and  D3  =  low-cost  feed),  and  four 

supplementation levels for each diet was adopted (Appendices 1, 2, 3 and 4). Data on 

bird’s weight, mortality, the number of hens housed, age at first lay, age at peak of lay, 

percent lay, hen-day egg and hen-housed egg production were collected. Age at first egg 

was considered at a point when egg production within replicate reached 5%.  For the 

evaluation of egg quality traits, a total of 600 (300 eggs for each breed) freshly laid eggs 

were collected and evaluated for both internal and external egg quality traits. A General 

Linear Model fitting, breed, diet and level of supplementation as well as interactions of 

the factors were used to analyze the data.

2.5   Objective IV: To evaluate the Effects of Supplementation Levels on Carcass 

Characteristics and Meat Quality of Sasso and Kuroiler Chickens 

At the age of 20 weeks, 480 male birds were randomly selected half of them being Sasso 

and the other half Kuroiler. A 2 x 3 x 4 factorial arrangement with two breeds (Sasso and 
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Kuroiler),  three diets  (D1 = commercial,  D2 = medium-cost  feed and D3 = low-cost 

feed), and four supplementation levels per diet was adopted (Appendices 1, 2, 3 and 4). 

Following 20 weeks of dietary treatments, a total of 120 male chickens (60 Sasso and 60 

Kuroiler), five birds per treatment combinations, were randomly selected and sacrificed. 

Dressing percent, carcass part and non-carcass parts were weighed and expressed as a 

percent of slaughter weight. Samples of breast meat were taken for evaluation of meat 

quality. These include pH measurement, meat color, cooking loss, tenderness (shear force 

value),  and meat  chemical  composition.  Data on carcass  traits  and meat  quality  were 

analyzed  using  the  General  Linear  Models  (GLM)  procedure  of  Statistical  Analysis 

System. Breed, diet, level of supplementation and their interactions were considered as 

fixed effects.

2.6   Objective V: To determine the Economics of Various Supplementation Levels 

on Semi-Scavenging Sasso and Kuroiler Chicken Weight Gain and Egg 

Production

Economic analysis for each supplementation level was done by comparing the mean feed 

cost per kg live weight gain and cost per dozen eggs. The return overfeed was calculated 

as  Net  return  =  GI  –  TVC,  where  TVC  =  Feed  cost,  Gross  income  (GI)  =  Live 

weight*price and egg tray*price.
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CHAPTER THREE

3.0   GENERAL FINDINGS AND DISCUSSION 

3.1   Feed Formulation and Nutritional Profile

For  improving  the  nutrient  intake  and  economics  of  genetically  improved  chicken 

production,  better  use of low-cost  feed formulation  should be made available  to poor 

resource farmers.  Feed formulation  is  the process of quantifying  the amounts  of feed 

ingredients that need to be combined to form a single uniform mixture (diet) for poultry 

that supplies all of their nutrient requirements. Since feed accounts for 65-75% of total 

live production costs for most types of poultry throughout the world (FAO, 2008), it is 

imperative that the cost of formulated feed is reduced without compromising the bird's 

performance. Thus, low-cost feed formulation involves feed production at the most cost-

effective level in terms of resource, time, energy and money by minimizing input while 

maximizing output. 

The analysis  was undertaken to know if  the formulated the diets  meet  the nutritional 

requirements of chickens. Considerable variations were observed between commercial, 

medium-cost and low-cost diets on the nutritional values. Crude protein of commercial 

diet  (D1) was 15.5%, medium-cost diet  (D2) was 15.6% and low-cost  diet  (D3) was 

15.3%,  whereas  Metabolizable  Energy  (ME) was  2887 KJ/kg,  2887 KJ/kg  and 2627 

KJ/kg respectively (Paper I and II). Values for fat in D1, D2 and D3 were 3.8, 3.0 and 

4.3%, respectively. Total concentrations of critical Amino Acids (AA) of D1, D2 and D3 

were:  methionine,  0.66%,  0.75%  and  0.67%;  lysine,  0.72%,  0.82%  and  0.74%  and 

tryptophan,  0.18%,  0.20%  and  0.18%  respectively.  Levels  of  Calcium  (Ca)  and 

Phosphorus (P) for D1 were 1.26% and 0.53%, for D2 were 1.82% and 1.03%, for D3 

were 2.83% and 0.98% respectively. The comparability of CP, energy, Fat and Amino 
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acid levels of the medium and low cost diets with the commercial diet gives promising 

outcomes in terms of growth and egg production. 

So far, the production goals considered in feed formulations continue to regard weight 

gain, egg production, egg quality and meat quality as high priorities, but other outcomes 

of interest  have emerged, such as health benefits and sustainability. The relative good 

performance of the semi-scavenging birds subjected to the low cost and medium cost feed 

as presented in Papers I, II and III demonstrated that the two diets can be adopted by 

smallholder farmers rearing the two dual-purpose birds under semi-scavenging system.

3.2   Growth Performance

The results in paper I showed that, Sasso chickens were heavier (p<0.05) at 20 weeks of 

age than Kuroiler chickens breed. The variability between breeds on body weight gain is 

supported by Magala et al. (2012) and Nakkazi et al. (2015). The amount of feed given to 

chicken per day has shown a great impact on the growth of birds as presented in paper I. 

According to Miah et al. (2016) reduced feed intake results in a slow growth rate hence, 

poor performance.  Commercial and medium-cost diets gave a better performance than 

low-cost formulations. The final live weights of the birds at 20 weeks under the different 

dietary supplementation levels were statistically different and chickens that were full-fed 

(100%) exhibited higher live body weights at the end of the experimental period than 

their counterparts. However, feeding low-cost formulated diets (D3) led to a relatively 

long time to reach the target market weight of 2 kg. It is also vividly clear that time to 

reach market weight was highly influenced by level of supplementation; birds took more 

time  to  attain  market  weight  when  supplementation  was  low.  Thus,  the  provision  of 

supplementary feed enhances growth rate and possibly contributes to immunity boosting. 

Miah et al. (2016) also revealed a similar trend in the study of feed supplementation on 
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the growth of village chicken and their slaughter performances. It should be noted that 

fencings  adopted in the experimental  set-up could have limited  birds’  to  freely  move 

around and access more scavengiable feed materials. However, fencing or confinement 

has  an  advantage  in  that  it  limits  locomotor  activity  thus  reduce  energy  expenditure 

compared  to  freely  scavenging  birds. Moreover,  for  resource-poor  farmers,  this  is  a 

tradeoff that has to be borne i.e. reduction in growth (loss) versus improved survivability 

(gain).  Thus,  supplementation  of  between  50  and  75%  still  gives  higher  growth 

performance using either a commercial diet or a medium-cost diet (D2). The values of 

mean body weight of Sasso and Kuroiler on 100% and 75% supplementation for D1 and 

D2 were within the range of 2355g and 2777g for female and male chickens respectively 

at 20 weeks kept under improved management in Ghana and Uganda as earlier reported 

by  Osei-Amponsah et al. (2011) and Sharma et al. (2015). Performances of birds fed low 

energy  diet  (D3)  were  generally  low.  The  finding  implies  that  under  smallholder 

conditions, one has to pay attention to the provision of adequate energy, especially during 

the season of energy feed deficiency. It is evident that the productivity of scavenging and 

semi-scavenging chickens could be improved by interventions in management systems 

and the quality and quantity of feed offered. 

Supplementation level of 25% had the lowest FCR (2.41) compared to 50% (3.75), 75% 

(4.74) and 100% (5.52). Comparison between breed revealed that Sasso FCR (3.93) was 

more  efficient  in  converting  feed  to  body  weight  than  Kuroilers  FCR  (4.10)  which 

explains its higher weight at 20 weeks.  The two breeds being dual purpose, they both 

excelled compared to unimproved local birds. Indeed, the development of the two breeds 

targeted smallholder farmers whose management is predominantly scavenging or semi-

scavenging system (Sharma et al., 2015 and SASSO, 2016).  Therefore, promotion of the 

two breeds should take into account the nutritional needs such that we take advantage of 
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the inherent higher growth rates of the two breeds.  This is even more critical in rural 

areas since the availability of scavengable feeds varies considerably between seasons. 

Significant  interaction (p<0.05) between breed, diet  and level of supplementation was 

observed on body weight gain. At 100% level of supplementation by using D1 and D2, 

Sasso were heavier than Kuroiler, while Kuroiler excelled in weight gain than Sasso at 

75%,  50% and  25% level  of  supplementation  on  using  the  two  diets.  However,  the 

performance of Sasso given D3 at all levels of supplementation was higher compared to 

Kuroiler  (Paper  I,  Table  4).  The  lower  performance  of  Sasso  in  the  lower  level  of 

supplementation shows higher sensitivity of the breed to variation in feed availability i.e. 

In other words Kuroilers are more adapted to scavenging than Sasso.

3.3   Egg Production and Egg Quality 

The breed effect on age at sexual maturity (ASM) was positive, indicating the additive 

genetic  potential  for earlier  sexual maturity  and greater  rate  of egg production by the 

Sasso breed. Direct additive effects on the measures of egg weight and rate of lay also 

favoured the Sasso breed (Paper II). Evaluation of egg production and egg quality showed 

that Sasso reached the age at first lay much earlier than Kuroiler, especially when fed D1 

(Commercial ration)  as presented in Paper II. In general, there was a progressive increase 

in  age  at  first  lay  when  the  level  of  supplementation  was  reduced.  Under  low 

supplementation (25%), there was a significant delay in age at first lay for Kuroiler fed 

D3. This indicates that the diet, level of supplementation as well as breed type have an 

influence on age at first lay. According to Ali et al. (2003) egg production is a function of 

feed consumed, age at point-of-lay, age at peak-of-lay, peak percent lay, percent hen-day 

egg production, laying period, rearing environment, health care and overall management 

of  the  flock.  Likewise,  variability  in  age  at  first  egg  between  studies  could  also  be 
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explained by the type of management  in which the birds were raised.   It  was further 

observed that regardless of breed or diets, the peak egg production was obtained between 

32 and 34 weeks of age,  which is normal  even for commercial  layers.  The peak egg 

production was also influenced by diet and level of supplementation being achieved much 

earlier in birds fed D1 or D2 at 100 and 75% level of supplementation. The percent egg 

production at the peak was higher (P<0.05) in Sasso than that for Kuroiler. In general, a 

reduction in the level of supplementation led to delays in age at attaining peak laying 

percent concomitantly leading to a reduction in percent lay at peak production (Paper II). 

In general, most egg parameters measured in birds fed a low-cost diet (D3) and at a low 

level of supplementation (25%) resulted in poor percent lay  (Paper II).

Other egg production traits such as percent Hen-day egg production (HDEP %) and Hen-

housed egg production  (HHEP) were affected  in  a  similar  manner.  Sasso excelled  in 

HDEP (Paper II); meanwhile, there was a consistent decline in HDEP with a reduction in 

supplementation  levels.  There  were  significant  breed  effects  for  HDEP  between  the 

periods of 24 to 40 weeks, with Sasso outperforming Kuroiler by 11% when birds were 

fed on D1.  The difference in HHEP between the two breeds could be explained by high 

mortalities in Kuroiler (Paper II) and, from a cost of egg production standpoint, lower 

HHEP implies high mortalities in the laying flock.

With  regard  to  egg  quality,  the  mere  physical  appearance  of  an  egg makes  the  first 

impression  upon the  consumer.  If  the  product  does  not  meet  perceived  expectations, 

consumer confidence diminishes (Nonga  et al., 2010). Therefore, external and internal 

characteristics of eggs are prerequisites for the safety, soundness and wholesomeness of 

the eggs. The results in paper II confirmed that, the mean egg weights were similar for the 

two breeds. However, diet and levels of feed supplementation significantly affected egg 
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weight with 100% supplementation having the highest egg weight and 25% level had the 

lowest. The level of supplementation and breed also influenced positively the length of 

the egg and other important external egg characteristics such as eggshell thickness, results 

which are in agreement to those reported by several authors (Zaman  et al., 2004: Niraj 

et al., 2014 and Fanu et al., 2019). Ketta and Tůmová (2016) concluded that the strength 

of egg shell depends on the amount of shell present, relative to the egg size, shape and 

thickness.

Nonetheless,  the egg shape index in the two breeds, three dietary treatments and four 

levels of feed supplementation was not significantly different (Paper II). The egg shape 

index ranged from 74.6% to 78.4% (average 75%) which was considered to be normal. 

On the contrary, internal egg quality traits such as yolk weight, yolk diameter, yolk ratio, 

and albumen weight, albumen height and HU were not influenced by breed (Paper II). 

The positive effect of diets was only significant for a few variables such as yolk weight 

and yolk diameter. All internal egg qualities, except HU were significantly influenced by 

the level  of supplementation.  The reduction in internal  egg quality  parameters  with a 

reduction in supplementation levels can be explained by the reduction in egg size (Paper 

II). It is therefore accepted that nutritional deficiencies and excesses can influence the 

quality of an egg.

Significant interaction (p < 0.05) between breed, diet and level of supplementation was 

observed on age at first egg and hen day egg production. In D1 and D2 at all levels of 

supplementation Sasso attained age at first egg early than Kuroiler, while in D3 at 50% 

level of supplementation Kuroiler reached age at first egg early than Sasso (Paper II). 

Also, Sasso had higher percentage of hen day egg production (HDEP) than Kuroiler when 

given D1 and D2 at all levels of supplementation, while Kuroiler tended to excel at 50% 
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level  of  supplementation  when fed  D3.  Again,  this  observation  may indicate  that  the 

Sasso breed is less adapted to scavenging conditions compared to Kuroiler. 

3.4   Carcass Characteristic and Meat Quality

The  results  on  carcass  characteristics  showed  that  Sasso  and  Kuroiler  chickens  were 

comparable in slaughter and carcass weight but different in dressing percent. The dressing 

percentage (DP) of Sasso was about 2 percent unit higher (p < 0.05) than that of Kuroiler 

(Paper III). In this regard, the higher carcass weight and breast weight of the Sasso and 

Kuroiler chickens obtained in the current study make them suitable as alternative meat 

birds compared to the indigenous chickens. More so, the fact that the birds are reared 

under semi-scavenging or full scavenging, the carcass and the meat quality attributes may 

meet the criteria desired by local chicken meat customers. The finding further observed 

that slaughter weight and carcass yield were influenced by the level of feeding which in 

turn influenced all other carcass components in that order.

As expected, weights of non-carcass components largely followed the pattern displayed 

by carcass traits except for the weight of the intestines (Paper III), probably because all 

birds were exposed to scavenging. Scavenging has been associated with the lengthening 

of the intestine in an attempt to increase digestive areas (Cheng  et al.,  2008). Due to 

increase  in  size,  the  weight  also  increased.  Nevertheless,  dressing  percentage,  spleen 

weight, and intestinal weight were similar for birds receiving 75% and 50% of level of 

supplementation.  The  results  presented  in  Paper  III  revealed  that  meat  pH  values 

measured 45 minutes PM in the breast and thigh joints were similar in the two breeds and 

both were close to the pH of 6.00. pH is one of the most important physicochemical 

characteristics in meat since it is related to water holding capacity and color.  Likewise, 

diets  did not affect the pH values (Paper III) while there were differences among the 
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carcass joints.  This difference could be explained by the amount of reserved glycogen in 

the muscles and the extent of pre-slaughter stress (Ali  et al., 2008). However, the pH-

values  observed  in  the  present  study  are  within  acceptable  standard  meat  quality 

properties (Paper III).

In the present study, values for redness (a*) and yellowness (b*) measured at breast and 

drumstick joints were higher (p < 0.05) in Kuroiler than in the Sasso breed (Paper III). 

However, the two breeds did not differ in values for lightness (L*) from all the joints or 

redness (a*) and yellowness (b*) from the thigh joint. Parameter such as meat color is 

important in meat quality and it was considered in the current study. The reason being 

that, meat color is a characteristic that is readily evaluated at the point of sale and any 

unfamiliar product color can negatively impact consumer expectations.

Diets also affected values for meat color and there were also differences depending on the 

carcass joint used in this study. Other scholars Smith et al. (2002); Fanatico et al. (2005) 

and Ponte et al. (2008) also reported that the composition of the poultry ration may affect 

meat color. Interestingly, the L* and b* values in the breast joint tended to increase with a 

reduction  in  supplementation  level.  The  increase  in  yellowness  (b*)  value  with  a 

reduction in supplementation levels might be attributed to an increase in intake of fresh 

forages.

Green pasture is rich in beta carotenes, which is a precursor for vitamin A, a fat-soluble 

vitamin and tend to impart yellow color on carcass fat (Pont et al. (2004). In general, the 

values for color variables observed in the present study are within the range of acceptable 

levels  of  an  international  colour  standard  measurement  (Yam  and  Papadakis,  2004). 

Regarding cooking loss, Sasso had a higher (p < 0.05) cooking loss value compared to 
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Kuroiler both for breast and drumstick joints (Paper III). Diets affected the cooking loss 

of  the breast  joint.  Cooking loss  in  the  breast  and drumstick  joints  decreased  with a 

decrease in the level of supplementation (Paper III). This difference could be explained 

by the fact that birds fed D1 probably met most of the nutrient requirements from the feed 

thus spent less time scavenging. Normally, meat with high-fat content tends to have low 

water content and lower cooking loss (Wattanachatt, 2008). The breast joint was observed 

to be relatively tougher in Sasso than Kuroiler chicken, while the two breeds did not 

differ in tenderness for the other joints (Paper III). However, meat from the two breeds 

can be considered tender because the amount of force required for shearing the sample 

was less than 50 N. The observed higher shear force value for thigh and drumstick joints 

when supplementation levels were reduced imply that birds under low supplementation 

levels had to scavenge more to meet their daily requirements. 

Nutritional  value  chicken  meat  can  be  affected  by  several  factors  such  as  genotype, 

rearing  condition  and  feeding  regime.  Proximate  analysis  of  meat  samples  from the 

various treatments and treatment combinations showed that meat from the two breeds was 

comparable in dry matter and fat content, though the Sasso breed had higher (p < 0.05) 

ash  and protein  contents  than  Kuroiler  (Paper  III).  The  observed variation  in  protein 

contents of the joints is attributable to the difference in content and composition of dietary 

protein. Despite the fact that it is not customary to indicate proximate composition on 

meat  products,  the  results  obtained  through  laboratory  analysis  are  still  valid 

scientifically, as they allow one to explain the source of variation in meat quality.  For 

example, D3 had no synthetic lysine and methionine and had lower energy content than 

the rest  of the diets.  Different  levels  of supplementation also influenced meat  protein 

content reflecting the difference in the quality of protein obtained from concentrate and 

forages.  Thus, any deficiency or excess nutrient  will  have an effect  on the proximate 



19

composition of meat and possibly affect other meat-eating qualities.  A comparable study 

was done by Minh and Ogle  (2005) using  improved dual-purpose  chickens  and they 

concluded that supplementation increases nutritional values of chicken meat under the 

scavenging system of production.

3.5   Survivability of Chickens

Lastly,  the  study compared the  survivability  rate  among the  breeds  and three  dietary 

treatments during growing and laying periods. It was observed that overall survivability 

was higher with an overall rate of 97.25% (Paper I). Breed-wise, there was less mortality 

in Sasso compared to Kuroiler during the laying period from 21 to 40 weeks of age (Paper 

II).  It appears that the higher survivability of the two breeds even when raised under 

simulated scavenging conditions may connote that the two breeds have genes that confer 

adaptability under a semi-scavenging environment. Thus, they can be recommended for 

smallholders in rural areas as long as birds are vaccinated against most of the common 

diseases, provision of shelter and farmers adhere to other biosecurity measures.

3.6   Feed Cost Analysis

The  study  evaluated  different  diets  with  different  supplementation  levels  in  order  to 

recommend  the  best  option  that  will  be  cost-effective  and  a  farmer  will  be  able  to 

generate profit from keeping either of the two breeds.  The higher performance of the 

Sasso and Kuroiler breeds for carcass yield and egg production as observed in this study 

is  financially  promising  compared  to  local  chickens.  Papers  I  and  II  supported  the 

conclusion that Sasso and Kuroiler chickens are the most economic viable compared to 

local  chicken  with  the  highest  probability  of  gaining  more  income  for  improved 

livelihood (Andew et al., 2019). The results showed that the feed cost per kg gain differed 

depending on the type of  diet  and the  levels  of supplementation,  being higher  in  the 
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commercial diet (D1) followed by D2 and lastly D3  (Paper I). For a smallholder none 

commercial  farmers he/she has options to either adopt a medium-cost or low-cost diet 

depending on resources at hand.  

The observed low-cost diet implies slower body weight gain, late age at sexual maturity, 

and lower egg production. The implication of such a choice is that keeping birds over a 

long  period  (say  beyond  20  weeks)  under  low-cost  feed  will  obviously  increase 

cumulative feeding costs and also affect the quality of the meat (Paper III). Nevertheless, 

birds fed low-cost diets used less cost to lay a dozen eggs than those fed medium costs 

(D2) or commercial diet (D1) (Paper II). The Sasso breed under less supplementation plus 

scavenging group showed higher income than Kuroiler within the same group, but it was 

based on only 140 days of the experimental period. As expected less supplemented birds 

had higher income over feed compared to full-fed birds in all three experimental diets in 

20  weeks  of  production  period  of  the  study.  Therefore,  the  higher  profit  in  less 

supplemented (25% and 50%) plus scavenging birds might not be consistent with the 

expected profit during a one-year laying period. Thus, the use of less costly feeds for 

dual-purpose  birds  such  as  those  used  in  the  current  study  could  be  recommended 

depending on available scavengeable feed resources.
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CHAPTER FOUR

4.0   CONCLUSION AND RECOMMENDATIONS

4.1   Conclusions

The following conclusions can be drawn from the study;

i. Sasso breed given D1and D2 at higher level of supplementation performed better 

in  weight  gain  and  egg  productivity  than  Kuroiler  breed.  However,  Kuroiler 

seemed to perform better when the level of supplementation was reduced.

ii. Commercial  diet  (D1)  and  medium-cost  diet  (D2)  gave  significantly  higher 

slaughter and carcass weight than the low-cost diet (D3) in both breeds. 

iii. Sasso  breed  performed  better  than  kuroiler  breed  in  weight  gain  and  egg 

production performance.

iv. Medium cost (D2) diet supplementation at 50% of daily feed requirement gave 

relatively good financial returns compared to commercial (high cost) diet.

4.2   Recommendations

i. Medium cost diet (D2) at 50% level of supplementation is economical in feeding 

semi-intensive commercial chicken production for both egg and meat production.

ii. These findings have the potential to reduce the cost of egg production for dual-

purpose improved chicken breeds, while maintaining good egg quality  under a 

semi-intensive system of production.  

iii. There is a need to validate the result of this study under farmers’ condition (on-

farm study).
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APPENDICES

Appendix 1:  100% feeding scheme developed for experimental birds

Weeks Amount/Day(g) Amount/Week(g) Amount/Day(Kg)

W1 16 112 0.112

W2 24 168 0.168

W3 32 224 0.224

W4 40 280 0.28

W5 48 336 0.336

W6 54 378 0.378

W7 60 420 0.42

W8 66 462 0.462

W9 72 504 0.504

W10 78 546 0.546

W11 84 588 0.588

W12 90 630 0.630

W13 96 672 0.672

W14 102 714 0.714

W15 108 756 0.756

W16 114 798 0.798

W17 120 840 0.840

W18 126 882 0.882

W19 132 924 0.924

W20 140 980 0.980

TOTAL 11214 11.214

Appendix 2: 75% feeding scheme for experimental birds

Days (Weeks) Amount/Day (g) Amount/Week (g) Amount/Week (Kg)
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W1 16 112 0.112

W2 24 168 0.168

W3 32 224 0.224

W4 40 280 0.28

W5 48 336 0.336

W6 40.5 283.5 0.2835

W7 45 315 0.315

W8 49.5 346.5 0.3465

W9 54 378 0.378

W10 58.5 409.5 0.4095

W11 63 441 0.441

W12 67.5 472.5 0.4725

W13 72 504 0.504

W14 76.5 535.5 0.5355

W15 81 567 0.567

W16 85.5 598.5 0.5985

W17 90 630 0.63

W18 94.5 661.5 0.6615

W19 99 693 0.693

W20 105 735 0.735

TOTAL   8690.5 8.6905

Appendix 3: 50% feeding scheme for experimental birds

Days (Weeks) Amount/Day (g) Amount/Week (g) Amount/Week (Kg)

W1 16 112 0.112
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W2 24 168 0.168

W3 32 224 0.224

W4 40 280 0.28

W5 48 336 0.336

W6 27 189 0.189

W7 30 210 0.21

W8 33 231 0.231

W9 36 252 0.252

W10 39 273 0.273

W11 42 294 0.294

W12 45 315 0.315

W13 48 336 0.336

W14 51 357 0.357

W15 54 378 0.378

W16 57 399 0.399

W17 60 420 0.42

W18 63 441 0.441

W19 66 462 0.462

W20 70 490 0.49

TOTAL 6167 6.167

Appendix 4: 25% feeding scheme for experimental birds

Days (Weeks) Amount/Day (g) Amount/Week (g) Amount/Week (Kg)

W1 16 112 0.112
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W2 24 168 0.168

W3 32 224 0.224

W4 40 280 0.28

W5 48 336 0.336

W6 13.5 94.5 0.0945

W7 15 105 0.105

W8 16.5 115.5 0.1155

W9 18 126 0.126

W10 19.5 136.5 0.1365

W11 21 147 0.147

W12 22.5 157.5 0.1575

W13 24 168 0.168

W14 25.5 178.5 0.1785

W15 27 189 0.189

W16 28.5 199.5 0.1995

W17 30 210 0.21

W18 31.5 220.5 0.2205

W19 33 231 0.231

W20 35 245 0.245

TOTAL 3643.5 3.6435
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