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EXTENDED ABSTRACT

In  recent  decades  the  demand  for  poultry  and  livestock  products  has  increased

significantly. Likewise, poultry rearing has been adopted as a tool for poverty alleviation

and  has  led  some  development  agencies  to  promote  the  intensification  of  improved

poultry  systems.  Two genetically  improved chicken breeds  (Sasso and Kuroiler)  have

been  introduced  in  Tanzania  as  a  way  of  improving  the  productivity  of  the  poultry

industry and improve people’s livelihoods. Performance of any breed is a function of both

genotype and the environment in which the birds are raised. This means that breeds that

perform  better  in  one  environment  may  not  necessarily  perform  better  in  another

environment.  It  is  for  this  reason that  Kuroiler  and Sasso chickens were evaluated  to

establish  their  suitability  under  different  agro-ecologies  and  management  systems  in

Tanzania. The selected agro-ecologies in the current study were the highland and lowland

areas of Mvomero district in Morogoro region, Eastern Tanzania. The two agro-ecologies

were purposively selected based on their differences in temperature, altitude, vegetation

type, and farming systems. Alongside, two varied management conditions i.e. on-station

(controlled  management)  and  on-farm  (farmer  management)  conditions  were  also

considered  for  performance  evaluation  of  these  breeds.  The  on-station  study  was

conducted  at  Sokoine  University  of  Agriculture  in  Morogoro  region.  The  study  was

conducted  to  evaluate  the  effects  of  management,  breeds  and  interaction  on  growth

performance, egg production, egg quality and survivability.

A total of 1800 day old chicks comprised of 900 Sasso and 900 Kuroiler were procured

from Silverlands Tanzania in Iringa region and AKM Glitters company in Dar es Salaam

region respectively. The chicks were brooded for six weeks at the Poultry farm of Sokoine

University of Agriculture (SUA). Sexing of the chicks was done at end of the 6 th week.
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The birds of each breed were divided into two groups, one for on-station and the other one

for on-farm evaluation. 

The sampling frame under farmer management (on-farm) in the two agro-ecological zones

consisted of two villages per zone, 16 farmers per village and 18 birds per farmer; thus

making a total  of 64 farmers and  1152 birds. The farmers involved in the study were

randomly selected from the list of farmers that had more than ten chickens and had been

keeping  chickens  for  at  least  five  years.  Birds  were  raised  under  a  semi-scavenging

system and supplemented with kitchen leftovers, maize bran, and other crop by-products

in addition to scavenged feeds. For on-station study, birds were raised in six replicates per

breed of 40 birds each, thus making a total of 12 pens and 480 birds. They were raised in

deep litter pens and fed a commercial ration.

Production  traits  that  were  evaluated  and compared  under  both  environments  include

growth, egg production, egg quality and survivability. The growth performance traits were

body weight at 6, 8, 12, 16 and 20 weeks of age, total weight gain (TWG) and average

daily gain (ADG). The traits considered for egg production were age at first egg, age at

peak  egg  production,  hen-housed  egg  production  (HHEP),  hen-day  egg  production

(HDEP) and egg production rate. On the other hand, the quality of eggs was evaluated for

eggs from both on-farm and on-station management and they involved both external traits

(egg weight, length, width, shape index, shell weight, shell thickness and shell ratio) and

internal traits (yolk weight, albumen weight, yolk ratio, albumen ratio, albumen height

and Haugh unit). Mortalities were recorded during the growing and laying periods in both

environments. Additional data for the on-station study were feed conversion ratio (FCR)

and carcass traits. Evaluation of the carcass traits involved slaughtering of male chickens

of  the two breeds  at  the  16th week of  age.  The traits  measured  were body weight  at
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slaughter (BWS), carcass weight (CW) and carcass parts yield including  breast, thighs,

drumsticks, wings, back and neck.  Data were subjected to analysis of variance using the

General Linear Models (GLM) procedure of SAS software (SAS 2009), while mortality

data were analyzed in accordance to frequency procedure of SAS software (SAS 2009)

using a chi-square (χ2) test.

Results show that agro-ecological zones differed significantly (p<0.05) with respect to

growth performance and survivability.  Birds raised in the highland zone were heavier

(2021.7 g) than those raised in the lowland areas (1873.6 g). Similarly, birds raised in the

highland zone had lower mortality rates than lowland zone during growing (12.7% vs

20.3%) and laying (34.6% vs 47.1%) periods. Significant interaction (p<0.05) between

agro-ecology and breed was observed on body weight and age at sexual maturity. In the

highland  zone,  Sasso  chickens  were heavier  and attained  sexual  maturity  earlier  than

Kuroiler  while  in  lowland areas  the  performance  of  Kuroiler  was higher  than  that  of

Sasso. 

With  regard  to  management  systems,  the  results  show  that  management  systems

influenced significantly (p<0.05) all growth traits, egg production traits and survivability

of  chickens  in  favour  of  on-station  birds.  The  final  body  weight  and total  egg  yield

(HDEP) under  the  on-station  were  2510.9 g and 108.3 eggs,  while  for  on-farm were

1870.5 g and 50.5 eggs in respective order. Mortality for on-station birds was lower than

on-farm birds during growing (10.6% vs 22.1%) and laying ( 47.1%) 17.0%) periods. The

results further showed that the mean values of  egg weight, length, width, shape index,

shell weight, shell thickness,  yolk weight, albumen weight, albumen height and Haugh

unit were also higher for on-station than on-farm while shell,  yolk and albumen ratios

were similar between the two management  systems.  Interactions between management
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and breed were significant (p<0.05) on body weight, egg weight, shell ratio and all egg

production  traits  except  peak  egg  production  rate  and  mortality  rate.  While  Sasso

performance was better than that of Kuroiler on body weight and age at first egg under the

on-station management system, Kuroiler was better than Sasso on those traits under the

on-farm condition. 

For feed conversion ratio (FCR) and carcass traits,  results showed that both FCR and

carcass  traits  were  influenced  by  breed.  The  FCR  of  Sasso  was  lower  than  that  of

Kuroiler. Carcass weight, dressing percentage and weight of different carcass parts were

higher  for  Sasso than  Kuroiler.  Furthermore,  correlations  between carcass  weight  and

carcass parts were high and positive. 

Based on the results of these studies, the following conclusions can be made:-

i. The performance traits of the two breeds are dependent on agro-ecological

zone and management  systems.  The chickens'  performance in  the highland

zone  appeared  to  be  better  than  in  the  lowland  in  terms  of  growth  and

survivability.  Similarly,  on-station  birds  performed  better  than  on-farm  in

growth performance, egg production and survival rate.

ii. The  response  of  each  breed  differed  in  some  traits  when  subjected  to

different environments. Kuroiler maintained its bodyweight regardless of agro-

ecology, but it matured earlier and had a lower mortality rate than Sasso in

lowland areas whereas Sasso appeared better in highland than in lowland areas

in growth performance, survival rate and age at sexual maturity. 
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CHAPTER ONE

1.0   GENERAL INTRODUCTION

1.1   Poultry Industry and its Importance

Poultry production is one of the key livestock subsectors in Tanzania as it plays important

role in terms of generating employment opportunities,  improving family nutrition,  and

empowering women. It is a suitable business for poor households due to the small area of

the land needed and the low investment required to start up and run the operation. The

role of poultry in poverty alleviation, food security and the promotion of gender equality

in developing countries is well documented (Gueye, 2000). Poultry production represents

an  appropriate  farming  system  that  contributes  to  feeding  the  fast-growing  human

populations  and  providing  income  to  poor  small  farmers  (Gujit,  1994;  Alders,  1996;

Kitalyi and Mayer, 1998). Its products can be sold or bartered to meet essential family

needs such as medicine, clothes and school fees. Several studies show that, among all the

domesticated bird species,  chicken is  the largest constituent  of the poultry population.

Globally, more than 300 breeds of the domestic chicken species (Gallus domesticus) exist

and  are  categorized  into  three  main  groups,  namely  pure  commercial  breeds,  hybrids

resulting from cross-breeding and indigenous/local breeds (Fulas et al., 2018). Among the

three groups, indigenous chickens are predominant in most developing countries. It has

been  estimated  that  80% of  the  poultry  population  in  Africa  are  found  in  traditional

scavenging  systems  (Dessalew,  2012),  which  makes  substantial  contributions  to

household food security.

1.2   Poultry Production Systems 

In Tanzania, poultry production is categorized into three major production systems which

are;  commercially  specialized,  improved  and  traditional  chicken  production  systems
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(Da Silva et al., 2017). The commercial specialized chicken system is an intensive system

dealing with specialized breeds for egg production (layers) and meat production (broilers).

This system is characterized by a higher level of productivity where poultry production is

entirely market-oriented to meet the large poultry demand in major cities.  According to

BFAP and SUA (2018),  the system contributes  up to  80% of  poultry meat  and eggs

consumed in urban areas and it requires reliable access to inputs, including commercial

stock, feed, labour, health services as well as efficient marketing channels. 

On  the  other  hand,  the  improved  family  chicken  sub-system is  largely  comprised  of

improved local of various crosses of chicken types or imported dual-purpose breeds raised

under a semi-intensive/semi-scavenging system. In this system,  birds are confined to a

certain part with access to housing. This system  is characterized by a medium level of

feed,  water  and  veterinary  service  inputs,  and  minimal  to  low  bio-security  and  has

moderate  productivity  i.e.  an average of 150 eggs/year and 1.8 kg live weight bird at

maturity (Da Silva et al., 2017). Both commercial and improved family chicken systems

are commonly found in urban and peri-urban areas. 

The traditional/scavenging system is dominated by indigenous chickens, which are not

classified into specific breeds, but they contribute to production of almost 100% and 20%

of eggs consumed in rural and urban areas respectively  (MLDF, 2011). This system is

more common in rural areas and is an integral component of the livelihoods of most rural

households. It can best be described as a low input-low output system, and in most cases,

chickens  are  left  to  scavenge for  their  own feeds  and water  within  a  mixed  farming

system. Despite the indigenous chicken being dominant, several reports have shown that

they have low production potential for growth and egg production. Egg production for

most of these local chickens is around 40-60 eggs per hen per year while the average
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mature  body  weight  is  1500  g  (Boki,  2000;  Ringo  and  Mwenda,  2018).  The  low

production may be attributed both to their inherent low genetic potential  and the poor

management under which they are kept.

1.3   Efforts to Improve Productivity

Globally, the demand for the animal source foods has grown exponentially, particularly in

developing countries due to urbanization,  income and population growth (FAO, 2002;

FAO, 2010). In Tanzania, like in many other African countries, attempts have been made

to increase chicken output (meat and eggs) through importations of high producing exotic

breeds particularly in the commercial  sector and through cross-breeding of indigenous

chicken populations with exotic breeds (Olwande  et al., 2010). These efforts are yet to

produce  the expected  outputs  compared to  high-producing exotic  chicken lines  which

have been developed for high-input intensive production systems in temperate regions

(Permin, 2008).  Most of the genetic improvement  programs of local  chickens through

cross-breeding or repeated back-crossing have not been successful in most developing

countries owing to difficulties in retaining a separate population of parent birds, especially

in rural settings (FAO, 2010). It appears that the survival of improved male birds retained

for  back-crossing  was  threatened  by  a  lack  of  adaptation  to  the  harsh  production

environment  (i.e.  in  terms  of  climate,  diseases  and  feed  availability)  and  low

complementary  socio-economic.  Such  a  harsh  environment  raised  doubts  about  the

sustainability of crossbreeding in some regions or for some breeding systems as most of

the imported high yielding chickens didn't perform better in tropical countries. It has been

argued  by  FAO  (2010)  that,  when  producing  these  poultry  stocks  for  developing

countries, large global breeding companies tend to promote the strains that are used in

developed  countries  claiming  that  these  strains  are  suitable  for  all  environments.

However,  most  of  these  strains  have  been  selected  for  increased  productivity  under
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relatively  good  management  and  nutrition  conditions,  generally  without  significant

temperature stress; an environment that could be hardly met under tropical conditions. 

1.4   Tropically Adaptable Chicken Breeds

The introduction of productive,  yet tropically adapted chicken strains to increase meat

yield and egg number is in agreement with Tanzania Livestock Modernization Initiative

(TLMI) (MLFD, 2015), which among other key priority actions in poultry modernization

is  to  research  and  select  tropically  adaptable  semi-scavenging  dual-purpose  chicken

breeds and introducing them into the family chicken production system (Da Silva et al.,

2017).  Sasso and Kuroiler are among such breeds which are deemed to perform better in

some countries including Ethiopia (Kidie, 2019; Biazen et al., 2021), Nigeria (Bamidele

et  al., 2019)  and  Uganda  (Sharma  et  al., 2011).  Kuroiler  is  a  dual-purpose  breed,

developed under humid conditions by Keggfarms in India to perform in low maintenance

systems (Lozano-Jaramillo et al., 2019). The breed has been developed through crossing

several  pure  genetic  lines  of  chickens  including  White  Leghorn,  Rhode  Island  Red,

Coloured  broiler,  and  local  Desi  chickens,  followed  by selection  for  high  production

performance  and  ability  to  thrive  in  village  environment  under  scavenging  or  semi-

scavenging  rearing  systems  (Sharma  et  al.,  2015).  On  the  other  hand,  Sasso  is  a

commercial breed originating from warm and dry areas in Southern France where it was

developed by the SASSO breeding company (Getachew  et al., 2016; Lozano-Jaramillo

et al., 2019). It has been developed through an intensive selection of traditional coloured

lines  of  chickens  from  France  (Sasso,  2014).  The  two  breeds  are  known  for  many

desirable features of indigenous birds, such as feather colours for camouflage, ability to

escape  from  predators,  resistance  to  diseases,  adaptable  to  tropical  and  sub-tropical

conditions  (Ahuja  et  al.,  2008;  Mengsite  et  al.,  2019). They also  can  scavenge,  thus

require low supplementation for maintenance yet grow about double the bodyweight of
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their  indigenous counterparts  (Sharma, 2011),  provided that they are protected against

diseases. A mature Kuroiler bird weighs about 2.6 kg, and a hen can produce about 150-

200 eggs per hen per year (Ahuja  et al., 2008)  while a mature Sasso bird weighs about

2.73-2.98 kg and can produce an average of 229 eggs per hen per year (Getiso  et al.,

2017). 

1.5   Problem Statement and Justification

Sasso and Kuroiler chickens have been recently introduced in Tanzania to support poverty

reduction, productivity growth and increased household animal protein intake (Ringo and

Mwenda,  2018).  Sasso  has  been  introduced  in  the  country  by  Silverlands  Tanzania

Company  located  in  Iringa,  while  Kuroiler  has  been  introduced  by  African  Chicken

Genetic  Gains  project-Tanzania  and  two  more  companies;  Nzua-Msigani  Farms  and

AKM Glitters based in Dar es Salaam. The two breeds are now being popularized in the

country and are distributed to farmers  by poultry multiplication  agencies  in Tanzania.

Though  these  breeds  have  been  tested  elsewhere  in  Africa,  there  is  scientific  and

documented evidence of differences in the performance of different breeds in different

environments and management conditions (Kemp et al., 2005; Berhe and Gous, 2008). An

animal of good genetic potential may perform poorly when the production environment is

not  favourable  due  to  the  negative  interaction  between  the  animal’s  genes  and  its

environment.  This  is  because  management  practices  may vary as  a  result  of  different

production  environments  and  constantly  changing  climatic  conditions  leading  to

variability in animal performance. Given the different agro-ecological conditions as well

as different management systems of rearing chickens in Tanzania it is imperative to test

the  performance  of  these  two  breeds  under  the  varying  environmental  conditions  to

ascertain  their  suitability.  Agro-ecological  zone  as  defined  by  rainfall,  temperature,

vegetation type, soil type and topography was found to be a significant source of variation
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in growth and egg production performance in some studies (Assefa et al., 2018; Mulugeta

et al., 2020). Similarly, the management condition as defined by level of nutrition, health

care and housing also influenced the variation in animal performance (Bekele et al., 2009;

Ali et al., 2010). 

It is critical, then, to be aware of any interaction that affects performance and to develop

an efficient strategy of genetic management accordingly. Therefore,  the objective of this

study was to evaluate the performance of the two breeds under different agro-ecologies

and  management  systems  to  establish  breed  suitability  under  varying  conditions  and

recommend the most suitable breed for a particular environment. Moreover, results from

this  study  will  assist  in  providing  inputs  in  the  designing  of  appropriate  breeding

programs for the improvement of chickens. 

1.6   Objectives

1.6.1   Overall objective

To evaluate  and  compare  the  production  performance  of  Kuroiler  and  Sasso  chicken

breeds  under  different  agro-ecologies  and  management  systems  to  establish  breed

suitability under varying conditions in Tanzania.

1.6.2   Specific objectives

i. To determine the effects  of agro-ecological  zones on growth performance,  egg

production and survival traits of Kuroiler and Sasso chickens.

ii. To determine  the  effects  of  management  systems on growth performance,  egg

production and survival traits of Kuroiler and Sasso chickens.

iii. To evaluate the effects of management system on external and internal egg quality

traits of Kuroiler and Sasso chickens.
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iv. To evaluate the effects of breed on carcass and parts yields of Kuroiler and Sasso

chickens.

1.7   Hypothesis

In this study, the following hypotheses were tested:

Hypothesis I: The two breeds would perform equally under different agro-ecological

conditions

Hypothesis II: There is no significant difference between management systems on the

performance of the two breeds.

Hypothesis III: Breed performance is not influenced by Genotype x Environment

1.8   Organisation of the Thesis

This thesis has been developed in published paper format according to Sokoine University

of Agriculture. The thesis has six chapters; chapter 1 includes the general introduction

which describes the importance and contribution of the livestock sector and poultry in

particular to global protein consumption. The chapter also explains the poultry production

in Tanzania and previous efforts which have been done to improve productivity in the

country and their challenges. In addition, the chapter present the problem statement and

justification, the overall objective and specific objectives and hypothesis. Chapter 2, 3, 4

and 5 includes the results of objectives I, II, III and IV presented in a published paper

format i.e., Paper I, II, III and IV, respectively. Chapter 6 includes the general discussion

of the overall study findings and conclusion, as well as the recommendations.
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Abstract

This study was conducted to evaluate egg quality traits of Sasso and Kuroiler chickens

under semi-scavenging (on-farm) and deep litter (on-station) management conditions, as

well as the phenotypic correlations between the traits. A total of 666 fresh eggs (246 from

on-farm and 420 from on-station)  were used to evaluate  the external  and internal  egg

quality  traits.  The eggs were collected  from 240 hens  raised on-station and 320 hens

raised on-farm. The external egg quality traits evaluated were egg weight, length, width,

shape index, shell weight, shell thickness and shell ratio while the internal egg quality

traits evaluated were the yolk weight, albumen weight, yolk ratio, albumen ratio, albumen

height and Haugh unit were. The collected data were analyzed using the General Linear

Models (GLM) procedure of SAS software (SAS 2009). The results show that the mean

values of all  egg quality  traits  studied were higher for on-station than on-farm except

shell, yolk and albumen ratios which did not differ between the two management systems.

With regards to breed effects, Kuroiler chickens had higher values for egg weight, egg

length,  yolk weight,  albumen height  and Haugh unit  than  Sasso chickens.  Significant

interaction  effect  of  management  system and breed was  observed on egg weight  and

mailto:fadhili.guni@yahoo.com
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eggshell  ratio.  The  Pearson’s  correlation  coefficients  showed  that  egg  weight  was

positively correlated with all external and internal egg quality traits of both Sasso and

Kuroiler chickens, except with shape index and yolk ratio for external and internal egg

quality respectively. The results suggest that an appropriate management system for these

improved chickens should be considered for maximum egg quality traits.

Keywords: Egg quality, Kuroiler, On-farm, On-station, Sasso

Introduction

Poultry eggs have been traditionally considered as an important source of nutrients for

humans, and nutritionally are a complete food that is used throughout the world regardless

of  religious  and ethnic  groups  (Stadelman  and Cotterill  2001;  Kraus  and Zita  2019).

Nowadays, it is widely recognized that eggs are more than a source of nutrients, but also

play  important  roles  in  most  pharmaceutical,  food-processing  and  cosmetic  industries

(Mine and Kovacs-Nolan 2004; Abeyrathne et al 2013). In the egg processing industries,

the shell, albumen and the yolk that form the egg, as well as their proportions, affect the

amount and price of the product (Altan et al 1998).

Egg quality is the general term that refers to general standards which define both internal

and external quality. It has also been defined by Stadelman (1977) as the characteristics of

eggs  that  affect  its  acceptability  to  the  consumers  and  is  a  more  important  price

contributing factor in table and hatching eggs. External egg quality traits include size and

shell qualities, while the internal egg quality traits include yolk and albumen qualities.

The eggshell  is an economically important  trait  as it  determines the ability of eggs to

withstand transportation shocks from producers to consumers (Mertens et al 2006). It has

been reported by Bobbo et al (2013) that approximately 7-8 % of the total amount of eggs

get broken through the transfer from the production to the consumer leading to serious
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economic  losses  both  to  the  producers,  dealers  and consumers  (Hamilton  1982).  The

eggshell is also necessary to impede pathogenic challenges from the external environment

of eggs and so to reduce food poisoning risks (Coutts et al 2006; Mertens et al 2006). On

the  other  hand,  albumen  and  the  yolk  in  eggs  have  several  proteins  with  functional

properties such as nutrition, health, and antimicrobial effects (Kovacs-Nolan et al 2005;

Ko and Ahn 2008; Abeyrathne et al 2013). There are some propositions that eggs with the

heaviest  yolks and the largest  yolk to  albumen (Y: A) ratios may contain the highest

amounts of cholesterol (Hussein et al 1993; Campo 1995). Given that possibility, eggs

containing a small proportion of yolk and a large proportion of albumen would appear to

be suitable for consumers of table eggs, whereas eggs containing a large proportion of

yolk should be more appropriate for processed foods such as mayonnaise, baking goods,

creams and omelette, which use the yolk as a major ingredient. So, the knowledge of these

traits  and influencing  factors  is  important.  Previous  studies  have  shown that  the  egg

quality  traits  are  influenced  by  several  factors;  among  which  are  genotype  and

management system (Matt et al 2009; Tang et al 2015).

 

Sasso  and  Kuroiler  chickens  are  dual-purpose  breeds  that  have  been  introduced  in

Tanzania as a way of improving the productivity  of the poultry industry and improve

people’s livelihoods.  The productive performance in terms of growth, egg production and

survivability  of  these  breeds  has  been recently  evaluated  under  different  management

systems  and  environments,  and  the  breeds  have  shown  promising  performance  in

Tanzania (Sanka et al 2020; Guni et al 2021a; Guni et al 2021b), Ethiopia (Kidie 2019;

Biazen et al 2021) and Nigeria (Bamidele et al 2019). However, little research has been

done on the egg quality  traits  of these breeds under different  management  systems in

Tanzania. Therefore, this study intended to evaluate the egg quality traits of Sasso and
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Kuroiler  chickens  under  semi-scavenging  (on-farm)  and  deep  litter  (on-station)

management systems to establish if there are significant breed and management system

effects on egg quality characteristics. Understanding the phenotypic correlations that exist

between egg quality traits is also important for breed selection and trait improvement.

Materials and methods

Location of the study area

The study was conducted for a period of 52 weeks from December 2018 to December

2019 using Sasso and Kuroiler chickens under on-station and on-farm conditions. The on-

station study was conducted at Sokoine University of Agriculture (SUA). The University

is located at the foothills of the Uluguru Mountains in Morogoro municipality, Eastern

Tanzania, about 550 m above sea level.  The on-farm study was conducted in two villages

i.e. Wami-Sokoine and Wami-Luhindo about 45 Km from the University.

Management of chicks during brooding 

A total of 1200 (600 Kuroiler and 600 Sasso) day-old chicks were purchased from AKM

Glitters in Dar es Salaam and Silverlands Tanzania in Iringa regions respectively to be

used in this study. Brooding was done for six weeks at the Poultry farm of the Sokoine

University  of  Agriculture.  On  arrival  these  chicks  were  weighed,  wing  tagged  and

thereafter placed into the deep litter brooding pens, where four brooder guards with five

feet diameter circle each were made using ceiling boards and each had capacity of holding

300 chicks. Commercial feeds purchased from Silverland Tanzania Company were used

for both breeds throughout the brooding period and the on-station experiment. During the

brooding period, chicks were fed a starter diet in form of crumbles containing 2941 Kcal

ME/kg and 21.2% CP from day old up to the end of 2nd week and chick mash containing

3049 Kcal ME/kg and 20.3% CP from the 3rd up to end of the 6th week. Clean water was
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provided in ad-libitum. Chicks were vaccinated against Newcastle disease, Gumboro, and

Fowlpox in accordance to the vaccination schedules. Chick sexing was done at the end of

the brooding period.

On-farm management of the experimental birds 

At  the  end  of  brooding,  three  hundred  and  twenty  (320)  pullets  were  distributed  to

selected farmers in the two villages. The selection of villages and farmers participating in

the  study  was  done  in  collaboration  with  District  and  Ward  livestock  officers.  The

selection of villages was done purposively so that both on-farm and on-station evaluation

could be done in a similar environment in terms of altitude, rainfall pattern, humidity and

temperature. On the other hand, the selection of farmers was done randomly from a list of

farmers who had been keeping chickens for at least five years. In each village, 16 farmers

were involved in the study. Each farmer was allocated with 10 pullets of a single breed.

The  allocation of the breed was done randomly by writing breed names in separate 16

pieces of paper (8 for Kuroiler and 8 for Sasso) and each farmer was required to select

only one piece of the unfolded paper. Lastly, half of the farmers in each village received

Sasso pullets and the remaining eight farmers received Kuroiler pullets. The pullets were

reared under a semi-scavenging system of management. These experimental birds were

kept in shelters where simple enclosures were made around the shelters which allowed

restriction  of  non-experimental  birds  and  predators  from entering  the  shelters.  Cereal

grains, cereal by-products and kitchen leftovers were the main feeds supplemented to the

experimental birds. 

On-station management of the experimental birds

Under the on-station experiment,  a  total  of two hundred and forty (240) pullets  were

randomly allocated to 6 deep litter pens (3 for Kuroiler and 3 for Sasso) of 40 birds each
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and reared under total confinement. The birds were provided with a commercial grower

ration containing 15.5% CP and 2762 Kcal ME/kg, from the 7th week to the end of the 19th

week of age. Thereafter, the birds were provided with layer rations containing 18.5% CP

and 2965 Kcal ME/kg from the 20th week up to 52nd week.

Measurement of the external egg quality traits

Samples of eggs were collected at four weeks intervals beginning at 28th to 52nd week of

age. A total of 666 fresh eggs (246 eggs from on-farm and 420 eggs from on-station) were

used  to  evaluate  the  external  egg  quality  traits.  External  egg  quality  traits  evaluated

include egg weight, length,  width,  shape index, shell  weight, shell  thickness and shell

ratio. Egg weights were obtained by weighing individual eggs using a digital weighing

balance whereas the length and width of the eggs were measured using a digital vernier

calliper. The egg shape index (%) was calculated as the ratio of egg width to egg length

times 100. The eggshells with their membranes were dried on open-air and weighed using

a digital weighing balance. The shell weight was divided by egg weight to get the shell

ratio. The thickness of shells was measured using a digital vernier calliper.

Measurement of the internal egg quality traits 

The eggs used  for  external  egg quality  measurements  were  also  used  to  measure  the

internal egg quality traits. The internal egg quality traits evaluated include yolk weight,

albumen weight, yolk ratio, albumen ratio, albumen height and Haugh unit. The internal

egg  quality  measurements  were  obtained  by  carefully  breaking  the  egg  followed  by

separation of the albumen and the yolk contents. The weight of albumen was obtained by

taking total internal egg weight (i.e., yolk weight + albumen weight) minus yolk weight.

The albumen weight and yolk weight were determined using a digital weighing balance.

Albumen and yolk ratios were calculated by taking their weights as the percentage of total
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egg weight. Haugh Unit (HU) was calculated according to Haugh (1937) by fitting the

average albumen height and egg weight into the following equation:  HU=100 log (H +

7.57 – 1.7W0.37), where H = Albumen height and W = Egg weight. 

Statistical data analysis

The General Linear Models (GLM) procedure of SAS software (SAS 2009) was used to

analyze all traits measured  with the MANOVA option for calculating partial correlation

coefficients among the egg quality  variables. Management  system and the breed were

considered as fixed effects while  individual farmer or pen effect within a management

system was taken as a random effect. 

The following statistical model was used to analyze the external and internal egg quality

traits observed on a pen or individual farmer (i.e., the pen or individual farmer was the

observation unit): 

Yijklm = μ + Mi + Bj + (MB)ijk + FP(MB)ijkl +  Eijklm

Where:

Yijk = observation (Egg quality traits) from the kth farmer/pen within the jth breed and ith

management system;

μ = General mean common to all observations in the study;

Mi = Effect of the ith management system (i= on-station, on-farm);

Bj = Effect of the jth breed (j= Kuroiler, Sasso);

(MB)ijk = Effect associated with the interaction between management system and breed; 

FP (MB)ijkl  = Random effect of the kth farmer/pen within the jth breed and ith management

system;

Eijklm = Random effects peculiar to each bird;
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Note: Effects of the management system and breed for egg quality variables were tested

using the farmer/pen variation within the management system and breed (i.e. FP(MB) ijk)

as the error term.

Results and discussions

Effects of management system and breed on external egg quality traits 

The least-square means for the effects of management system and breed on external egg

quality  traits  of  chickens  are  presented  in  Table  1.  Management  system significantly

(P<0.05) affected all external egg quality traits except shell ratio, while breed of chicken

significantly (P<0.05) affected egg weight and egg length. 

Table  1. Least square means (±se) for the effects of management system and breed on
external egg quality traits of chickens
Variable           Management P-value                Breed P-value

On-farm On-station Kuroiler Sasso
Egg weight (g) 53.20±0.37b 59.73±0.24a <.0001 57.13±0.33a 55.80±0.29b 0.0365
Egg length (mm) 55.94±0.19b 57.05±0.12a <.0001 56.89±0.17a 56.10±0.15b 0.0060
Egg-width (mm) 41.28±0.11b 43.00±0.07a <.0001 42.28±0.09 41.99±0.08 0.1069
Egg  Shape  index
(%)

73.92±0.27b 75.48±0.18a <.0001
74.73±0.24 74.97±0.22

0.1062

Shell weight (g) 6.08±0.06b 6.94±0.04a <.0001 6.58±0.05 6.44±0.05 0.1131
Shell ratio (%) 11.47±0.10 11.67±0.06 0.1499 11.56±0.09 11.59±0.08 0.9683
Shell  thickness
(mm)

0.53±0.00b 0.56±0.00a 0.0008
0.55±0.00 0.54±0.00

0.9921

a-b Means with different superscripts within a row and effect differed significantly (P<0.05).

Egg weight differed (P<0.05) between the two management systems with on-station birds

laying heavier eggs (59.73±0.24 g) than on-farm (53.20±0.37 g). The observed difference

between the two management systems on egg weight might be due to insufficient feeding

prevailing under on-farm that does not support the birds with adequate levels of nutrition

needed  to  express  their  genetic  potential.  Similarly,  Champati  et  al  (2020)  reported

heavier  eggs  for  intensively  reared chickens than for semi-intensive  while  Dong et  al

(2017) and Küçükyılmaz et al (2012) also observed variation in egg weight for different

rearing systems. In contrast to the present findings, Patel et al (2018) and Sokołowicz et al
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(2018) did not find significant differences in egg weight between deep litter  and other

rearing systems. Conflicting reports from these authors could be due to the effect of a

variety  of  factors  such  as  genotype  used,  nutrition,  and  environment  (Rakonjac  et  al

2014). The shape index is the ratio between the width and length of the egg, which is a

good indicator of uniformity in the size of the eggs. In the present study, the egg shape

index was higher for on-station (75.48±0.18) than for on-farm (73.92±0.27) which could

be explained by the size and weight of an egg. Normally egg length and width are the

determinants of the shape of an egg. In the present study egg length and width were higher

for on-station eggs (57.05±0.12 and 43.00±0.07 mm) than for on-farm eggs (55.94±0.19

and 41.28±0.11 mm). Sokołowicz et al (2018) had a comparable observation where the

egg shape index was found to be higher for birds under deep litter than those from free-

range and organic systems. Similarly, using Red Island Red (RIR) and Fayoumi chicken

breeds, Bekele et al (2009), found a higher egg shape index for eggs from the on-station

than  from  on-farm.  On  the  contrary,  Sekeroglu  et  al  (2010),  Oke  et  al  (2014),  and

Champati et al (2020) reported the effect of rearing system on egg shape indices not to be

significant. The shape index in the present study varied from 73.92±0.27 to 75.48±0.18 %.

This value falls within the range of 72 to76% reported by Altuntas and Sekeroglu (2008)

as the standard/normal shape. Therefore, both Sasso and Kuroiler chickens had eggs of

standard size that fit properly in normal egg trays. It has been suggested that the eggs with

a shape index below 72% are sharp and those above 76% are roundish (Altuntas  and

Sekeroglu 2008) which increase the possibility of breakages during transportation. 

Eggshell  quality  is  also  associated  with  levels  of  resistance  to  breakages  during

transportation. In this study, the management system significantly (P<0.05) affected shell

weight, and shell thickness in favour of on-station. The lower values for on-farm eggs for

shell  quality  traits  are  most  likely  to  be  associated  with  poor  feeding  coupled  with
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inadequate  intake  of  Calcium (Ca)  and  other  trace  minerals.  It  has  been  reported  by

Roberts (2010) that Calcium supplementation is a key for eggshell quality, each eggshell

contains up to 3 g of Ca, and so the diet of hens must contain an adequate amount of Ca in

utilizable form. Since the on-station birds were provided with a commercial  diet,  it  is

anticipated  that  they  had  well-balanced  minerals  required  for  eggshell  formation.

Nevertheless,  several  authors  have  reported  varying  results  on  the  effect  of  the

management system on shell weight and shell thickness. For example, Ogunshola et al

(2018) reported heavier eggshells in the deep litter system than in the cage system but

there was no significant difference in shell thickness between these systems. On the other

hand, Dahloum et al (2018) did not find differences in shell weight of eggs from different

rearing  systems.  Kühn et  al  (2014)  also  did  not  find  differences  in  shell  weight  and

thickness of eggs from the litter-floor and free-range systems. Likewise, Patel et al (2018)

observed no differences in shell thickness of eggs from deep litter, semi-scavenging and

backyard management. These inconsistent results might be associated with the interaction

of the management system with several factors affecting these traits including genotype

used, age, oviposition time, and nutrition (Ketta and Tumova 2016). 

With regard to breed effects on external egg quality, results show that only egg weight

and egg length differed (P<0.05) between the two breeds. Kuroiler chickens had heavier

eggs (57.13±0.33 g) than Sasso (55.80±0.29 g). Similarly Kuroiler chickens had longer

eggs (56.89±0.17 mm) eggs than Sasso chickens (56.10±0.15 mm). This difference might

be  due  to  variations  in  genetic  make-up between  the  breeds.  However,  using  similar

breeds, Sanka et al (2021) did not find significant differences in egg weight, which might

be due to differences in the management of the birds, specifically on feeding practices.

The overall egg weight for Sasso chickens in the present study is within the range of 45.7

– 59.9g reported by Sanka et al (2021) and Kidie (2019) for the same breed. Likewise, the
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egg weight for Kuroiler in this study is within the range of 46.25 – 59.0 g reported by the

same authors. In contrast, Bamidele et al (2019) reported that the overall egg weight for

Kuroiler  and Sasso was 54.0 and 54.9 g respectively,  which  was lower  than  the  egg

weight observed in the present study. This difference may be attributed to variation in

feeding, hen’s age and other environmental factors affecting egg weight in chickens. 

Effects of management system and breed on internal egg quality traits

The least-square means for the effects of management system and breed on internal egg

quality  traits  of  chickens  are  presented  in  Table  2.  Management  system significantly

(P<0.05) affected all internal egg quality traits except yolk ratio and albumen ratio. On the

other hand, yolk weight, albumen height and Haugh unit were influenced (P<0.05) by the

breed of chickens.

Table 2. Least square means (±se) for the effects of management system and breed on internal egg quality

traits of chickens.
Variable          Management P-value               Breed P-value

On-farm On-station Kuroiler Sasso
Yolk weight (g) 17.12±0.14b 19.47±0.09a <.0001 18.61±0.13a 17.98±0.11b 0.0029
Yolk ratio (%) 32.30±0.25 32.66±0.16 0.3047 32.62±0.22 32.35±0.20 0.3481
Albumen weight(g) 29.89±0.29b 33.12±0.19a <.0001 31.87±0.25 31.14±0.23 0.1456
Albumen ratio (%) 56.11±0.29 55.39±0.19 0.0892 55.76±0.26 55.74±0.23 0.9565
Albumen height (mm) 6.80±0.05b 7.58±0.03a <.0001 7.29±0.45a 7.09±0.41b 0.0080
Haugh unit 84.12±0.27b 86.98±0.17a <.0001 85.98±0.24a 85.12±0.21b 0.0243
a-b Means with different superscripts within a row and effect differed significantly (P<0.05).

It was observed that yolk weight and albumen weight differed (P<0.05) between the two

management  systems with  on-station  eggs  showing higher  values  than  on-farm.   The

higher mean values for yolk weight and albumen weight from on-station eggs might be

related to the size of an egg as these traits have a significant association with egg weight

(Suk and Park 2001). It has to be noted that eggs from on-station were also heavier than

those of on-farm, as  described earlier  in  this  study. This  observation  conforms to the
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arguments  put forward by Zhang et  al  (2005) and Aygun and Yetisir  (2010) that  egg

weight  influences  the weight  of  components  of eggs  especially  albumen and yolk.  In

agreement with the results of the present study Sokolowicz et al (2018) and Dong et al

(2017) also observed variation in rearing systems on yolk weight. 

The Haugh unit (HU) which is calculated from the height of the inner thick albumen and

the  weight  of  an egg is  considered  to  be a  typical  measure of  albumen quality.  It  is

generally accepted that the higher the Haugh unit value, the better the quality of the egg.

In this study, the albumen height and Haugh unit were also affected by the management

system with on-station eggs showing higher values of albumen height (7.58±0.03 mm)

and Haugh unit (86.98±0.17) than those of on-farm (6.80±0.05 mm) and (84.1±0.27). The

higher score in albumen height and Haugh unit for eggs from on-station than on-farm

could be associated  with better  management  and nutrition  of  the birds;  which have a

significant influence on internal egg quality traits (Gerber 2012). This observation concurs

with that of  Bekele et al (2009) who also found higher values for eggs from on-station

than on-farm. Sokolowicz et al (2018) also found a significant rearing system effect where

eggs from the deep litter system outperformed free-range in Haugh unit value. However,

the current finding disagreed with Dong et al (2017) who did not find any differences

between rearing systems on those traits. 

With regard to breed effects on internal egg quality, it  was observed that the albumen

height and Haugh unit  differed (P<0.05) between the two breeds. Kuroiler had higher

mean values for albumen height (7.29±0.45 mm) and Haugh unit (85.98±0.24) than Sasso

(7.09±0.41  mm,  albumen  height  and  85.12±0.21,  Haugh  unit).  Differences  between

breeds/strains for albumen height and Haugh unit have been reported by several authors

(Bekele et al 2009; Kucukyılmaz et al 2012). In addition to albumen height and Haugh
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unit, the yolk weight was also heavier (18.61 g) for Kuroiler than for Sasso (17.98 g).

Yolk weight  and egg weight  are  positively  correlated  traits;  probably this  might  be a

reason for heavier yolk for Kuroiler, as the breed had also heavier eggs than Sasso. It was

further observed in this study that, neither the management system nor the breed affected

the yolk ratio and albumen ratio. This may imply that the share of these traits to the total

egg weight of the two breeds is similar regardless of breed or management system. In

agreement,  Sanka et  al  (2021) also observed similarity  in  yolk and albumen ratio  for

Kuroiler  and  Sasso  eggs  under  semi-scavenging  management.  Moreover,  Patel  et  al

(2018) reported similar observations on the yolk ratio but they reported contrasting results

on the albumen ratio. 

Effect of interaction between management system and breed on egg quality traits

Interaction  effects  between  management  system  and  breed  on  egg  quality  traits  are

presented  in  Table  3.  The  results  show that  there  were  significant  interaction  effects

between management system and breed on egg weight and eggshell ratio. This may imply

that with exception of egg weight and shell ratio, the response of the two breeds on other

evaluated egg quality traits was similar when subjected to different management systems.

It was observed that, while the two breeds had comparable egg weight and shell ratio on-

farm, these traits differed on-station where Kuroiler outperformed Sasso on egg weight

but had a lower shell ratio than Kuroiler. The probable reason for this variation might be

due to differences in strength of correlation coefficients for egg weight and shell ratio

between the two breeds; the correlation between egg weight and shell ratio was higher for

Sasso than for Kuroiler (Table 4); therefore for every increase in egg weight, the per cent

share  of  the  shell  became  higher  for  Sasso  than  for  Kuroiler.  Similar  to  the  present

findings,  Bekele  et  al  (2009)  and  Kucukyılmaz  et  al  (2012)  also  found  significant

interaction effects on egg weight when two breeds were compared under two different
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rearing  systems,  but  in  contrast,  Sokolowicz  et  al  (2018)  did  not  find  significant

interactions between the rearing system and breed on egg weight.

Table 3. Least square means (±se) for the interaction effect between management system

and breed on egg quality traits of chickens
Variable           On-farm             On-station P-value

Kuroiler Sasso Kuroiler Sasso
Egg weight (g) 53.51±0.61c 53.05±0.50c 60.74±0.38a 58.55±0.38b 0.0458
Shell ratio (%) 11.60±0.15ab 11.32±0.12b 11.49±0.09b 11.89±0.09a 0.0046
a-c Means with different superscripts within a row differed significantly (P<0.05).

Phenotypic correlation coefficients for external egg quality traits

The phenotypic correlation coefficients for external egg quality traits are shown in Table

4. Significant and positive correlations were observed between egg weight and egg length,

egg width, shell weight, shell ratio as well as shell thickness of both Sasso and Kuroiler

chickens. The highest correlations were observed between egg weight and egg width for

Sasso and Kuroiler chickens (0.80 and 0.66, respectively), while the lowest significant

and positive correlation (0.15) was observed between egg weight and shell thickness for

both Sasso and Kuroiler chickens.

Table  4. Phenotypic correlation coefficients for external egg quality traits of Sasso and
Kuroiler chickens
BREED TRAIT Egg

weight
Egg 
length

Egg 
width

Shape 
index

Shell 
weight

Shell
 ratio

Shell
thickness

Sasso Egg weight 1 0.68*** 0.80*** -0.12* 0.40*** 0.29*** 0.15**

Kuroiler 1 0.59*** 0.66*** -0.01ns 0.50*** 0.18** 0.15*

Sasso Egg length 1 0.33*** -0.76*** 0.32*** -0.14* 0.07ns

Kuroiler 1 0.33*** -0.66*** 0.22*** -0.18** 0.06ns

Sasso Egg width 1 0.33*** 0.26*** -0.29*** 0.11*

Kuroiler 1 0.47*** 0.33*** -0.11ns 0.33***

Sasso Shape index 1 -0.13* -0.06ns 0.00ns       
Kuroiler 1 0.05ns 0.08ns 0.09ns

Sasso Shell weight 1 0.74*** 0.27***   
Kuroiler 1 0.61*** 0.15*

Sasso Shell ratio 1 0.17**

Kuroiler 1 0.06ns

Sasso Shell
thickness

1
Kuroiler 1
*** (P < 0.0001); ** (P < 0.001); *(P < 0.05); ns(P > 0.05).
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This observation indicates that egg weight has a direct relation with egg width, egg length,

shell weight, and shell thickness, thus may suggest that it is possible to use egg weight in

determining the egg width, egg length, shell weight, and shell thickness on both Sasso and

Kuroiler  chickens.  This  observation  supports  the  suggestion  put  forward  by  Ozcelic

(2002) that the egg weight values are more appropriate in determining the shell quality

since shell  weight and shell  thickness are mainly measured after  breaking the egg. In

agreement  with  the  present  results,  Oluwami  and  Ogunlade  (2008)  also  observed  a

significant  correlation  between  egg  weight  and  other  external  egg  quality,  with  the

correlation between egg weight and egg width also being the highest (0.88), following the

same trend as observed in this study. Positive correlation between egg weight and shell

weight  was  also  reported  by  Farooq  et  al  (2001).  On  the  contrary,  a  significant  but

negative correlation (-0.12) was observed between egg weight and shape index for Sasso

chickens, while for Kuroiler the relationship was non-significant but also negative (-0.01).

In agreement with the present findings, Kul and Seker (2004) and Oluwami and Ogunlade

(2008) also found negative correlation coefficients between egg weight and shape index. 

Phenotypic correlation coefficients for external and internal egg quality traits

The phenotypic  correlation  coefficients  for  external  and internal  egg quality  traits  are

shown in Table 5. Significant and positive correlations were observed between egg weight

and yolk weight,  albumen weight,  albumen ratio  and albumen height.  In addition,  the

correlation  between egg weight  and Haugh unit  was also  significant  and positive  for

Kuroiler while for Sasso chickens the relationship was not significant but positive. The

highest  correlations  in  both  breeds  were  observed  between  egg  weight  and  albumen

weight (0.83 and 0.85, respectively) for Sasso and Kuroiler chickens. These results may

imply that egg weight can be used to estimate internal egg contents (yolk and albumen

weight) as well as the albumen ratio without breaking the egg.
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Table 5. Phenotypic correlation coefficients for external and internal egg quality traits of
Sasso and Kuroiler chickens
BREED TRAIT Yolk 

weight
Yolk 
ratio

Albumen
weight

Albumen 
Ratio

Albumen
height

Haugh 
unit

Sasso Egg weight 0.39*** -0.42*** 0.83*** 0.23*** 0.39*** 0.02ns

Kuroiler 0.55*** -0.27*** 0.85*** 0.23*** 0.55*** 0.23***

Sasso Egg length 0.27*** -0.27*** 0.57*** 0.16** 0.28*** 0.02ns

Kuroiler 0.32** -0.15** 0.44*** 0.00ns 0.33*** 0.13*

Sasso Egg width 0.35*** -0.29** 0.70*** 0.25*** 0.36*** 0.07ns

Kuroiler 0.42*** -0.11* 0.56*** 0.13* 0.41*** 0.21***

Sasso Shape index -0.02ns 0.07ns -0.08ns 0.00ns -0.02ns 0.03ns

Kuroiler 0.02ns 0.05ns 0.04ns 0.11* 0.02ns 0.04ns

Sasso Shell weight 0.20*** -0.12* 0.27*** -0.00ns 0.19*** 0.04ns

Kuroiler 0.28*** -0.13* 0.43*** 0.12* 0.28*** 0.12*

Sasso Shell ratio -0.07ns 0.17** -0.30*** -0.17** -0.07ns 0.04ns

Kuroiler -0.10ns 0.05ns -0.15** -0.04ns -0.09ns -0.03ns

Sasso Shell
thickness

0.16** 0.03ns 0.06ns -0.06ns 0.16** 0.11ns

Kuroiler 0.06ns -0.07ns 0.12* 0.02ns 0.07ns 0.02ns

*** (P < 0.0001); ** (P < 0.001); * (P < 0.05); ns(P > 0.05).

This observation is supported by the report of Moula et al (2010) who also observed a

strong  and  positive  correlation  between  egg  weight  and  albumen  weight  (0.972)  and

between egg weight and yolk weight (0.552). Several studies have shown that egg weight

is genetically linked to the weight of all three of the major components of an egg i.e. shell,

albumen  and  yolk.  Washburn  (1990)  showed  that  the  link  between  egg  weight  and

albumen weight is higher than those between egg weight and shell or yolk weight. On the

other  hand,  the  correlations  between egg weight  and yolk ratio  for  Sasso (-0.42)  and

Kuroiler (-0.27) were significant but negative, indicating that heavier eggs in the present

study had a lower yolk ratio. This is in agreement with the report of Padhi et al (2013) in

Vanaraja chickens. 

Phenotypic correlation coefficients for internal egg quality traits

The phenotypic correlation coefficients for internal egg quality traits are shown in Table

6. Significant and positive correlations were observed between yolk weight and yolk ratio,

albumen height and Haugh unit in both Sasso and Kuroiler eggs. The correlation between

yolk weight and albumen weight was significant and positive for Kuroiler whereas for
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Sasso that relationship was not significant. The highest positive correlations of 0.91 and

0.93 for  Sasso and Kuroiler  respectively,  were observed between albumen height  and

Haugh unit while the highest negative correlations of -0.61 were observed between yolk

ratio and albumen ratio for Sasso and Kuroiler eggs.

Table  6. Phenotypic correlation coefficients for internal egg quality traits of Sasso and
Kuroiler chickens
BREED TRAIT Yolk 

weight
Yolk 
ratio

Albumen
weight

Albumen 
Ratio

Albumen
height

Haugh 
unit

Sasso Yolk weight 1       0.65*** 0.02ns -0.43*** 0.60*** 0.40*** 

Kuroiler 1 0.63*** 0.21*** -0.34*** 0.60*** 0.43***

Sasso Yolk ratio 1 -0.60*** -0.61*** 0.64*** 0.88***

Kuroiler 1 -0.53*** -0.61*** 0.64*** 0.86***

Sasso Albumen
weight

1 0.72*** 0.03ns -0.29***

Kuroiler 1 0.69*** 0.21*** -0.09ns

Sasso Albumen ratio 1 -0.42*** -0.53***

Kuroiler 1 -0.34*** -0.48***

Sasso Albumen
height

1 0.91***

Kuroiler 1 0.93***

Sasso Haugh unit 1
Kuroiler 1
*** (P < 0.0001); ** (P < 0.001); * (P < 0.05); ns (P > 0.05).

The significant positive correlations between albumen height and Haugh units obtained in

the present study supports the findings of Oluwami and Ogunlade (2008), Kul and Sekar

(2004), Akbas et al (1996) and Ozcelik (2002) who reported positive correlation values as

0.98,  0.95,  0.97 and 0.97 respectively.  This  may imply  that  as the albumen height  is

improved, also does the Haugh unit. Since the Haugh unit measures the freshness of an

egg (Moula et al 2010) it is reasonable to use the albumen height to determine the Haugh

unit. The highest negative correlations observed in this study may imply that when the

yolk ratio is high, the albumen ratio is reduced at the same magnitude for both Sasso and

Kuroiler chickens. Such information is important especially in pharmaceutical and food

processing industries where the yolk and albumen ratio is necessary. For example, egg

albumen  contains  many  functionally  important  proteins  among  those  are  ovalbumin

(54%), ovotransferrin (12%), ovomucoid (11%), ovomucin (3.5%), and lysozyme (3.5%)
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and have high potentials for industrial applications if separated (Abeyrathne et al 2013).

Therefore,  by  understanding  the  variation  that  exists  between  breeds  for  internal  egg

quality traits (albumen vs. yolk), one could select certain breeds for their peculiarity in the

intended qualities.

Conclusions

Based on the results of the present study, it is concluded that both the external and internal

quality  of  eggs  were  influenced  by  the  management  system.  Eggs  from  on-station

appeared to be better in quality than those of on-farm. Breed had significant effects on

weight, egg length, yolk weight, albumen height and Haugh unit. Kuroiler laid heavier

eggs with higher yolk weight, albumen height and Haugh unit score than Kuroiler. Egg

weight  as  an  important  egg quality  parameter  has  positive  correlations  with  all  traits

except shape index for external and yolk ratio for internal egg quality traits.  
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Abstract

The  effect  of  breed  on the  carcass  characteristic  of  two dual-purpose  chicken  breeds

reared under the intensive management system was investigated. A total of 40 birds from

Sasso  and  Kuroiler  breeds  (20  chickens  per  breed)  were  randomly  taken  as  a

representative  sample  and  were  slaughtered  and  carcass  dissected  manually.  The
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parameters for all breeds included bodyweight at slaughter (BWS), carcass weight (CW),

dressing percentage (DP %), parts yield including breast, drumsticks, thighs, wings, back

and  neck.  With  regard  to  all  parameters  collected,  the  two  breeds  were  found to  be

significantly  (P<0.05)  different  for  all  carcass  characteristics.  The BWS,  CW and all

carcass  parts  weight  were  significantly  (P<0.05)  higher  for  Sasso  than  Kuroiler.  In

addition, Sasso had higher proportions of breast, back and wings than Kuroiler but the two

breeds  were  comparable  on  thighs,  drumsticks  and  neck.  There  were  significant  and

positive phenotypic correlations between BWS and all carcass traits studied. 

  

Keywords: Kuroiler, Sasso, carcass traits, correlation, intensive management

Introduction

The poultry meat industry has experienced rapid expansion, particularly in the last  30

years which has been accompanied by the genetic development of genotypes that allow

for greater meat  yield (OECD, 2018). Similarly,  the demand for poultry and livestock

products has increased significantly which prompted most poultry-related development

agencies to promote the intensification of improved poultry systems. When considering

the improvements in the poultry industry in terms of new genotypes, it is imperative to

provide  information  that  helps  producers  and  consumers  to  make  informed  decisions

about  the  genetic  potential  of  those  genotypes  in  different  production  systems  and

environments.  Sasso and Kuroiler are genetically improved dual-purpose breeds which

have been introduced in Tanzania to support poverty reduction, productivity growth and

increased household’s animal protein intake (Ringo and Mwenda, 2018). The advantage

of  these  breeds  and  other  dual-purpose  birds  over  the  commercial  egg  or  meat-type
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chickens is their duality where males are used for meat production and females for egg

production (Mueller  et al., 2018). Performance test in terms of growth, egg production

and  survivability  of  these  breeds  has  been  evaluated,  and  the  results  have  been

documented (Sanka et al., 2020; Guni et al., 2021a; Guni et al., 2021b). 

In the poultry production chain, carcass and parts yield provide valuable information to

guide producers on which breed to keep or when to slaughter the birds. Some studies have

shown carcass yield and proportions of carcass parts in chickens to be affected by several

factors among which is the genotype. While investigating the slaughter characteristics of

male dual-purpose chickens under the intensive management system, Biazen et al. (2021)

showed  that  Kuroiler  chickens  had  heavier  slaughter  weight,  dressed  carcass  weight,

eviscerated carcass weight, breast weight, thigh weight, and drumstick weight than Sasso,

Koekoek and Horro chickens.  Similarly, studies by Ibrahim  et al. (2019) and Mueller

et  al. (2018) have shown differences  among different  dual-purpose chicken breeds  on

carcass yields as well as proportions of carcass parts. In more recent carcass evaluations,

Sanka  et al. (2021) did not find significant differences between Sasso and Kuroiler on

carcass weight and carcass parts when chickens were subjected to varying levels of feed

supplementation  under  semi-scavenging  conditions.  Thus,  the  knowledge  of  carcass

parameters  between  and  among  different  chicken  genetic  groups  is  important  in  the

formulation of breeding programs targeting different management systems. Therefore, this

study intended to evaluate the carcass traits of male chickens of Sasso and Kuroiler breeds

under the intensive management system. 

Materials and methods

Location of the study area
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The study was conducted at the Poultry farm of Sokoine University of Agriculture (SUA).

The University is located at the foothills of the Uluguru Mountains in Morogoro, Eastern

Tanzania, about 550 m above sea level. The monthly mean and maximum temperatures

are 18.7 and 30.1 oC, respectively. 

Management of the birds  

A  total  of  240  (120  Kuroiler  and  120  Sasso)  male  chickens,  were  raised  under  the

intensive management system. They were randomly assigned to six deep litter  pens (3

pens per breed), each having 40 birds. The birds were offered commercial diets produced

by the Silverland Tanzania Company located in Iringa region. During the brooding, birds

were provided with a starter crumbles containing 2941 Kcal ME/kg and 21.2% CP (0 - 2

weeks) and chick mash containing 3049 Kcal ME/kg and 20.3% CP (3 - 6 weeks). A

grower ration containing 15.5% CP and 2762 Kcal ME/kg was provided from the 7 th to

the  end  of  the  16th week.  Clean  water  was  provided  in  ad-libitum  throughout  the

experimental period. 

Carcass traits measurements

At the end of the 16 weeks, a sample of 40 birds (20 birds/breed) were randomly selected

and slaughtered to determine carcass weight as well as carcass parts yield. Sampled birds

were starved for 12 hours but had free access to drinking water until slaughter. The birds

were slaughtered by cutting the jugular vein, bled for 2 minutes and then scalded at about

55 – 60 oC for 1 minute and manually de-feathered. The carcass weight was taken after

de-feathering and removal of feet, head and the viscera (gizzard, heart, spleen, liver and

intestine). The eviscerated carcass, breast, thighs, drumsticks, wings, back and neck were

weighed using a digital balance. Carcass weight data were used to calculate the dressing

percentage and carcass part composition (%) by taking the weight of the individual parts

as the percentage of the body weight at slaughter (BWS) of the chicken.
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Statistical data analysis

The General Linear Models (GLM) procedure of SAS software (SAS, 2009) was used to

analyze the data for  body weight at slaughter,  carcass weight, and parts yield with the

MANOVA option for calculating partial correlation coefficients among the carcass trait

variables. The breed was considered as the fixed effects while individual bird was taken as

a random effect. The following Model was used

Yij = μ + Bi + Eij 

Where:

Yij = observation (Bodyweight at slaughter, carcass weight, and carcass parts yield) from 
the ith breed.

μ = General mean common to all observations in the study;

Bi = Effect of the ith breed (i= Kuroiler, Sasso);

Eijk= Random effect peculiar to each bird.

Results and discussions

Carcass characteristics of Sasso and Kuroiler male chickens slaughtered at 16 weeks are

presented in Table 2.  Significant (p < 0.05) differences were observed between the two

breeds  on  body weight  at  slaughter,  carcass  weight  and  carcass  parts  weight.   Sasso

chickens presented heavier body weight at slaughter (2340.8 g) than Kuroiler (2000.8 g).

Likewise, Sasso had significant (p < 0.05) higher carcass weight and Dressing percentage

(DP %) than Kuroiler which implies existence of genetic differences between the two

breeds in growth rate and muscle deposition.

Table  1:  Least  square mean values  for  the effects  of  breed  on carcass  yield  of  dual-
purpose male chickens slaughtered at 16th week of age.

Variable                     Breed SEM P-value
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Kuroiler Sasso
BW at slaughter (g) 2000.80b       2340.80a  57.52 0.0001
Carcass weight (g) 1346.60b            1622.50a 39.90 <.0001
Dressing % 67.56b            69.20a 0.51 0.0299
Breast weight (g) 335.10b        419.00a 12.42 <.0001
Thigh weight (g)  247.70b 271.90a 7.34 0.0252
Drumstick weight (g) 221.40b 252.50a 6.96 0.0031
Back weight (g)  257.20b           335.40a 9.25 <.0001
Wing weight (g) 188.00b             212.30a 5.09 0.0017
Neck weight  (g) 87.60b            115.70a 3.35 <.0001
a-b Means with different superscripts within a row differed significantly (P<0.05), SEM =
Standard error of the mean; BW= Bodyweight  

This observation agrees with the reports of Mueller  et al. (2018), Ibrahim et al. (2019),

and Biazen et al. (2021) who also revealed the existence of breed/genotype differences in

the slaughter weight of chickens. As expected, birds with higher growth potentials (i.e.,

higher BWS) will present a higher meat production capacity (carcass yield). In the present

study, the Sasso breed also had a heavier (p < 0.05) carcass weight than Kuroiler breed.

The carcass  weight  (1622.50 g) of  Sasso chickens observed in the present  study was

higher than 1400.6 g for Koekoek chickens and 1415.4 g for Lohman Dual reported by

Ibrahim et al. (2019) but comparable to 1677 g and 1684.4 g for Sasso  and Novo Brown

chickens  reported  by  Mueller  et  al. (2018)  and  Ibrahim  et  al. (2019)  respectively.

Similarly, the carcass weight for Kuroiler chickens observed in the present study (1346.60

g) was comparable to 1400.6 g for Koekoek chickens reported by Ibrahim et al. (2019)

but lower than 1677 g for Sasso chickens reported by Mueller et al. (2018). Generally, the

BWS and CW observed in the present study for both Sasso and Kuroiler at 16 weeks are

comparable to the market weight i.e. 2kg for fast-growing chickens kept for less than 8

weeks.  This  supports  the  suggestion  by  Biazen  et  al. (2021)  that  despite  the  longer

growing period required for dual-purpose chicken breeds than the fast-growing broiler,

males of the two breeds can still  be utilized as alternative meat-type chicken in places

where specialized broilers are not accessible or where the local types are considered to be

un-economical given their slow growth and lower body weight at slaughter.
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The dressing percentage (DP %) was higher for Sasso (70.63%) than Kuroiler (68.54%)

which might be due to the observed higher bodyweight of Sasso chickens in the present

study. The observed dressing percentages for Sasso and Kuroiler in the present study were

higher than (66.75%) for Kuroiler chickens reported by Aline (2015) in Uganda. This

difference  might  be  due  the  variation  in  type  of  feed  given  to  the  birds  and  other

environmental factors.

The carcass parts including the breast, thighs, drumsticks, back, wings and neck were also

heavier for Sasso than Kuroiler. The breast, thighs, drumsticks are considered the most

valuable carcass parts in broiler and dual-purpose male chickens kept for meat production

while the back, wings and neck are regarded as less valuable carcass parts (Biazen et al.,

2021). The higher performance of Sasso in these traits might be directly related to the

carcass weight, whereby Sasso had higher proportions than Kuroiler. This observation is

supported by the reports of Katekhaye (2017), Rezaei  et al. (2018), Biazen et al. (2021)

and several authors who have also indicated higher carcass parts weight for heavier birds. 

The  data  for  carcass  parts  expressed  as  a  percentage  of  the  BWS  are  presented  in

Table  2.  The  proportions  of  breast,  back and neck were higher  (p  < 0.05)  for  Sasso

chickens than for Kuroiler chickens. The proportions of thighs, drumsticks and the wings

did not differ (p > 0.05) between the two breeds, suggesting that although the two breeds

differed  in  body  weight  at  slaughter  and  carcass  weights,  yet  the  share  of  thighs,

drumsticks and wings to the total weight were similar. This observation is in agreement

with that of Lichovníkova  et al. (2009) who also found insignificant differences for the

proportion of leg muscle (thigh and drumstick) between fast-growing chickens and layer

male chickens. The highest carcass part observed was the breast (17.86 and 16.77 % for

Sasso and Kuroiler respectively),  while  the lowest  was the neck (4.93 and 4.38% for

Sasso and Kuroiler respectively). The higher proportion of breast to the total BWS might
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be related to the effect of selection for meat production where more attention is placed on

the breast proportion (Marapana, 2016). Though the breeds used are not pure meat birds,

by being dual-purpose birds, they thus carry genes from meat breeds. Thus, the higher

carcass weight and breast proportion of the Sasso males is an indication that the breed is

relatively better for meat production under intensive management than Kuroiler.

Table  2:  Least  square mean values  for  the effects  of  breed  on carcass  yield  of  dual-
purpose  male  chickens  slaughtered  at  16th week of  age  (carcass  parts  expressed  as  a
percentage of the BWS).

Variable                    Breed SEM P-value
Kuroiler Sasso

Breast weight 16.77b 17.86a 0.28 0.0096
Thigh weight 12.38 11.83 0.13 0.0562
Drumstick weight 11.12 10.75 0.14 0.0806
Back weight 12.92b       14.28a       0.22 0.0001
Wing weight 9.48     9.06      0.16 0.0788
Neck weight 4.38b     4.93a    0.08 <.0001
a-b Means with different superscripts within a row differed significantly (P<0.05), SEM =
Standard error of the mean, BWS = Body weight at slaughter.
However, the choice of breed type for meat production is influenced not only by bird

growth but also by the cost of production.  Indeed, it would be useful and practical to

undertake  a  study aimed at  comparing  carcass  and parts  yield  for  these  breeds  when

slaughtered at different ages under different management systems to determine their cost-

effectiveness and the ultimate quality of the final product i.e. meat. For example, local

chickens have lower carcass weight as well as low yield of carcass parts, moreover, in

terms of consumer preference, such meat scored better compared to broiler (Kyarisiima

et  al., 2011).  This  may imply  a  tradeoff  between time to  slaughter  and final  product

quality based on the market preference. 

Correlation between body weight at slaughter, carcass weight and parts yield

Correlation coefficients (r) between BWS and CW and parts yield of Sasso and Kuroiler

chickens are shown in Table 3. Significant positive correlations were obtained between

BWS, CW and other carcass traits of the two breeds except for the relationship between
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wing  and  neck  weight  for  Sasso,  which  was  positive  but  not  significant  (0.36).  The

highest correlation was observed between body weight at slaughter (BWS) and carcass

weight (0.99) in both breeds, while the lowest was between wing weight and neck weight

(0.36  and  0.68  for  Sasso  and  Kuroiler  respectively).  With  regard  to  the  correlation

between BWS and carcass parts, the breast had the highest correlation (0.98) and (0.95)

for Sasso and Kuroiler respectively, while the neck had the lowest (0.73) and (0.80) for

Sasso and Kuroiler respectively.

Table 3: Correlation coefficients (r) between body weight at slaughter, carcass weight and
carcass traits of Sasso and Kuroiler chickens

Breed Trait Slaughter
weight

Carcass Breast Thigh Drumstick Back Wing Neck

Sasso Slaughter 
weight

1 0.99***   0.98*** 0.88*** 0.92*** 0.90*** 0.85** 0.73*

Kuroiler 1 0.99***   0.95*** 0.82** 0.93*** 0.92*** 0.90*** 0.80**

Sasso Carcass 1 0.98*** 0.90*** 0.92*** 0.91*** 0.85** 0.74*

Kuroiler 1 0.95*** 0.83** 0.92*** 0.93*** 0.91*** 0.82**

Sasso Breast 1 0.93***  0.96*** 0.91*** 0.84** 0.73**

Kuroiler 1 0.91*** 0.92*** 0.96*** 0.88*** 0.91***

Sasso Thigh 1 0.85**     0.86** 0.67* 0.75*

Kuroiler 1 0.72*      0.87*** 0.65* 0.94***

Sasso Drumstick 1 0.84**   0.87*** 0.60*

Kuroiler 1 0.86**  0.90*** 0.76**

Sasso Back 1 0.62* 0.89***

Kuroiler 1 0.86** 0.87**

Sasso Wing 1 0.36ns

Kuroiler 1 0.68*

Sasso Neck 1
Kuroiler 1

*** (P < 0.0001); ** (P < 0.001); * (P < 0.05); ns (P > 0.05).

The positive correlation values recorded in this study for all carcass traits and BWS of the

two breeds suggest that there are genetic relationships between and among carcass traits

and hence, the BWS of chicken can be used to predict the carcass weight as well as parts
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yield from live body weight before slaughter. This observation is in agreement with the

findings of Olawumi (2013) on Arbor and Acre chickens in Nigeria. 

Conclusion

Based on the results of the present study, it is concluded that Sasso males showed higher

body weight at slaughter, higher carcass weight and higher parts weight than Kuroiler.

The correlation between body weight at slaughter with carcass weight and carcass parts

were high and positive.
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CHAPTER SIX

6.0   General Discussion, Conclusions and Recommendations

6.1   General Discussion 

Previous attempts to increase chicken output (meat and eggs) in Tanzania have involved

importations of high producing exotic breeds particularly in the commercial sub-sector

and  through  cross-breeding  of  indigenous  chicken  populations  with  exotic  breeds.

Increased productivity of the poultry subsector by using specialized exotic breeds (broilers

and layers) in Tanzania have failed to become a sustainable option mainly because this

strategy recurrently  faced the problem of birds not being adopted widely by the rural

farmers due to several socioeconomic and environmental challenges. The exotic breeds of

chicken  introduced  in  Tanzania  were  from  temperate  countries  where  they  were

developed  through  intensive  selection  for  meat  and  egg  production  in  high  input

production  system.  Such  production  system  can  hardly  be  achieved  in  a  developing
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country  like  Tanzania  where  chicken  production  is  mainly  carried  out  in  extensive

production  systems  characterized  by  low input  and  low output.  Furthermore,  lack  of

adaptability of the exotic chicken breeds to environmental stressors of the tropical climate

limit  their  ability  to  reach desired production levels.  In the tropics  the easiest  way to

overcome  the  Genotype  by  environment  (GxE) interaction  without  managerial

intervention is simply to use breeds that are adapted to the environmental stressors of the

particular  environment  (Olori,  2008).  In  this  study,  two genetically  improved chicken

genotypes i.e. Kuroiler and Sasso that are tropically adapted were introduced in Tanzania

and  were  evaluated  for  growth,  egg  production,  egg  quality,  carcass  yield  and

survivability  under two  agro-ecological  zones  (highland  and  lowland)  and  two

management systems (on-station and on-farm). 

The two agro-ecologies selected in this study are used for comparison purposes, but where

possible the results may be used as references in other regions with similar conditions.

6.2.1   Effects of Agro-ecology on the production performance of chickens

Agro-ecological zones are geographical areas exhibiting similar climatic conditions that

determine  their  ability  to  support  agriculture  including  livestock  production.  Agro-

ecological  zones  (AEZ)  are  characterized  by  several  factors  including  altitude,

temperature, humidity,  seasonality,  rainfall amounts and distribution. Agro-ecology has

shown to be a significant source of variation in the growth performance and survivability

of the two breeds studied. Chickens raised in the highland zone had better growth and

survival  rate  than  those  chickens  raised  in  the  lowland  zone  (Chapter  2).  Good

performance and survivability in the highlands could be due to availability of feedstuffs as

a  result  of  high  rainfall  which  attracted  more  people  in  farming  activities  such  as
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cultivation of various  crops; which ultimately  formed the basis  of high availability  of

scavengeable feed resources and house leftovers compared to lowland.

In  addition,  highland  areas  have  good  climatic  conditions  for  poultry  production

especially  its moderate  temperature,  which probably enabled the birds to express their

genetic potential better than in lowland areas. On the other hand, the lowland area had a

slightly higher temperature range (19 - 310C) than the highland areas (11 - 230C). It has

been suggested that the optimum ambient temperature range for poultry is 12–26 0C. As

temperature rises, the bird has to maintain the balance between heat production and heat

loss and so will reduce its feed consumption to reduce heat from metabolism (Moreki,

2008).  A decrease in feed consumption depresses the growth performance as the bird

utilizes the minimal feeds only to maintain body activities. It is likely that such heat stress

as well decreases in feed intake coupled with sub-optimal management suppressed the

immune system of the birds, and hence making them more prone to diseases resulting in

high mortality rate in lowland areas as observed in the present study (Chapter 2).  Thus,

knowledge of breed performance in relation to agro-ecological differences is important

when distributing improved chicken breeds to farmers.

6.1.2   Effects of management system on production performance of chickens

Management  involves  all  practices  employed  by  the  farmer  including  level  of

supplementary feeding, health care and rearing system. The findings in Chapter 3 show

that management system had significant effect on growth performance,  egg production

and  survival  rates.  Management  system  also  had  significant  effects  on  external  and

internal egg quality traits (Chapter 4). It shows that birds raised on-station were heavier,

laid more eggs and survived better than birds raised on-farm. The quality of eggs from on-

station  was  also  better  than  those  of  on-farm.  The  poor  performance  under  on-farm
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management could be due to poor feed quality and quantity provided as supplementary

feeds which are dependent on farmers’ ability. In addition, the scavenged feed resource

available sometimes are not highly concentrated to supply sufficient nutrients (energy,

protein and minerals) required to support growth and egg production. Furthermore, birds

under  on-farm  management  conditions  are  also  exposed  to  harsh  conditions  such  as

extreme  weather  (rain,  hot  and  cold),  diseases  and  predation  (Ondwasy  et  al., 2006;

Bebora  et al., 2005). The current study findings have revealed that such factors lead to

poor growth,  low egg production and high mortality  rates  (chapter  3).   Although the

studied breeds (Kuroiler and Sasso) are promoted as high meat and egg producers under

village conditions, the results from the present study indicate that good performance will

not be realized unless there is high adoption of good management in terms of feeding,

housing and disease control.

Feed  conversion  ratio  (FCR)  and  carcass  traits  were  evaluated  under  the  on-station

management  (Chapter  3  and  5).  As  feed  costs  represent  60-70% of  the  total  cost  of

production, efficient conversion of feed into live weight is essential for profitability, and

small changes in FCR at any given feed price can have a substantial impact on financial

returns. The findings in this study show that Sasso had a lower FCR and higher carcass

weight than Kuroiler  indicating variation in the genetic  potential  of the two breeds in

growth rate and muscle deposition. The higher carcass weight of Sasso than Kuroiler was

expected due to heavier bodyweight of the former at slaughter as well the lower FCR

which imply that Sasso is more efficient at  converting feeds to live body weight,  and

hence carcass weight. Based on the present findings, if poultry meat is sold on a weight

basis, then Sasso could be more profitable than Kuroiler due to its lower feed conversion

ratio. Nevertheless, compared to most local chickens, these breeds seemed to be higher in

body weight regardless of agro-ecology and management systems, and hence can be more
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useful  in  increasing  chicken  meat  production  under  smallholder  poultry  farming.  For

example, at the 16th week of age, both Kuroiler and Sasso males had already attained a

body weight of 2kg; which is above the marketable weight of 1.5 kg for dual-purpose

chickens (Chapter 5). This is to say, the males of both Kuroiler and Sasso breeds can

replace  broilers for meat  production in  places with limited  access to broiler  chickens.

However,  considering  that  the  two  breeds  have  been  introduced  in  recent  years  in

Tanzania,  the  management  cost  needs  to  be  established  in  order  to  understand  the

profitability of production.

6.1.3   Genotype by environment (GxE) interaction

In chapter 1, the concept and definition of GxE interactions due to differences between

two environments were presented. The interaction effect between breed and environment

were evaluated in order to see the response of each breed when subjected to different

environment. The findings show that growth, age at sexual maturity and survivability of

these  improved  breeds  are  influenced  by  the  interaction  between  breed  and  agro-

ecologies.  In  chapter  3,  the  findings  show  that  that,  while  Sasso  had  lower  growth

performance  than  Kuroiler  in  highland  areas,  the  two  breeds  had  similar  growth  in

highland  areas.  Also,  while  Sasso  matured  earlier  than  Kuroiler  in  highland  areas,  it

matured at later age than Kuroiler in highland areas. Moreover, more deaths in lowland

areas were encountered for Sasso than for Kuroiler, while there was no such difference in

the highland areas between the two breeds. This implies that Sasso is more sensitive to

high temperature which probably suppressed its growth and survivability, and hence less

suitable  breed  for  areas  with  high  temperature.  On  the  other  hand,  Kuroiler  breed

maintained its bodyweight and had lower mortality regardless of agro-ecology, and hence

the breed is suitable in either of the two agro-ecologies.
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The interaction effect was also observed between breed and management systems. The

findings in chapter 4 show that Sasso performance was better than Kuroiler under the on-

station  management  while  Kuroiler  outperformed  Sasso  under  the  on-farm condition.

These findings may suggest that Kuroiler chickens can cope with hash environment more

than Sasso. This can be clearly shown by its relatively better growth and survival rates

than  Sasso  under  sub-optimum  management  conditions.  Thus,  knowledge  of  breed

performance in different  management  systems is  important  for commercial  companies

when distributing improved chicken breeds to farmers. 

6.2   General conclusions

i. Sasso  chickens  are  more  sensitive  to  high  temperature  which  suppresses  their

growth  and  survivability,  and  hence  less  suitable  breed  for  areas  with  high

temperature. On the other hand, Kuroiler breed maintained its bodyweight and had

lower mortality regardless of agro-ecology, therefore the breed is suitable in either

of the two agro-ecologies. 

ii. In addition, Sasso breed needs relatively better management (feeding and disease

control) to perform to the optimum level; hence the breed is suitable to farmer who

at least can afford providing some kind of good management. Kuroiler chickens

seem to  be  hard,  can  grow and survive  better  under  sub optimal  management

conditions. This implies that small holder farmers in rural areas can manage to

raise Kuroiler with modest supplementation.

6.3   Recommendations

Based on the findings of this study, the following areas are suggested for future research:
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i. Suitable  package  of  management  practices  for  improved  poultry  farming

addressing important issues like feeding and health management of the birds are

suggested.

ii. Cost-benefit  analysis  studies  are  suggested  for  the  two  breeds  in  different

management systems to appraise the profitability or otherwise, of the improved

breeds so that farmers can be advised accordingly.

iii. Testing of these breeds in the country should be done in other areas with different

management/agro-ecologies to come up with a clear understating of the overall

performance of these breeds under different environments. This will  allow more

informed  decision  making  for  the  design  of  breeding,  introduction  and

dissemination programs to a particular environment.
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