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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™ 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 16™ 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 (x2) 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



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:-

L. 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



(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



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;
FAOQ, 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



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



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



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.



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

Omne thousand one hundred and fifty-two dual-purpose improved chickens (576 Kuroiler and 576 Sasso) of mixed sexes were
reared in two diverse agro-ecological zones, e, highland and lowland in Mvomero district, Eastern Tanzania, (o determine the
effiects of agro-ecological zones on growth performance, egg production, and survivability under farmer management conditions.
Two villages per zone were purposively selected. and from each village, 16 farmers wiere included in the study; a particular
farmer received 18 birds of mixed sexes of the same breed. Data on body weight, egg production trait, and monality wene taken at
different ages from week 6 up to 52, General Linear Models fitting breed, agro-ecological zone, and interactions between breed
and #one were used to analyze the data. Results show that breed had no significant effects on body weight and body weight gain.
However, the effects of the agro-ecological zone and interaction between breed and zone on body weight and body weight gain
were significant at the 16th and 20th week of age. The highland #one had heavier chickens than the lowland. While Sasso
performed better than Kuroiler chickens in the highland zone. the opposite was observed in the lowland. Significant breed * agro-
ecology interactions were observed only for age at first egg whereby Sasso matured earlier than Kuroiler in the highland zone but
much later than Kuroiler in the lowland. Birds raised in the highland zone survived better than those chickens in the lowland
during both growing and laying periods. Thus, knowledge of breed performance in relation to agro-ecological differences is
critical when distnbuting improved chicken breeds to farmers.

Keywords Agro-ecology - Kuroiler chickens - Sasso chickens - Body weight - Egg production - Mortality

Introduction However, the traditional system is unable to meet the increas-

ing demand for poultry meat and eggs owing to its low pro-

Chicken production systems in Tansmnia have been catego-
rized into a traditional indigenous, improved family chicken,
and commercial specialized chicken systems (Da Silva et al.
2017). The maditional sysiem of poultry keeping is predomi-
nant and accounts for %6% of houscholds which supplies 94%
of poulry meat and eggs in rural areas (MLFD 2005).
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ductivity in terms of both egg and meat production. An indig-
enous hen produces less than 500 eges per year and has an
average mature weight of 1.5 kg (Da Silva et al. 2017).

In Tanzania, like in many other African countries, attempls
have been made to increase chicken output {meat and eggs)
through importations of high producing exotic breeds partic-
ularly in the commercial sector and through crossbreeding of
indigenous chicken populations with exotic breeds (Olwande
et al. 20010). These efforts are yet to produce the expected
output compared to high-producing exotic chicken lines
which have been developed for high-input intensive produc-
tion systems in temperate regions (Permin 2008).
Alternatively, Da Silva et al. (2017) proposed identification,
selection, and introduction of tropically adapiable semi-
seavenging dual-purpose chicken breeds suitable for a family
chicken production system as one of the key strategies to
improve chicken productivity in the country. Currently,

@ Springer
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efforts are being made to introduce those dual-purpose breeds
which have a relatively higher genetic potential for growth
and egg production and yet can survive under rural scaveng-
ing environment. One such breed is the Kurodler, onginating
from India. According to Roysfarm (201 8). the Kuroiler breed
was developed by crossing several pure genetic lines of
chickens including White Leghom, Rhode Island Red, col-
ored broiler, and local Desi chickens, followed by selection
for high production performance and ability to thrive in vil-
lage environment under scavenging or Semi-scavenging rear-
ing systems (Sharma 2015). The other breed 15 Sasso originat-
ing from France. It was developed for scavenging rearing
systems through an imtensive selection of traditional colored
lines of chickens (Sasso 2004). The two breeds are now gei-
ting popularity in Tanzania and are known for more meat and
exg production performance under nural scavenging or semi-
scavenging rearing systems compared to the local chickens
(Sharma 201 1: Getiso et al. 2017).

Given the vast land expanse of Tanzania, coupled with the
existence of diverse climatic and ecological zones, it is logical
to test the performance of the two genotypes under the varying
environmental conditions before recommending them for
wider multiplication. Therefore, the objective of this study
wis 1o evaluate the performance of the two breeds under farm-
er management conditions in two diverse agro-scological
#ones o establish breed suitability or otherwise, of each breed
for a particular environment. Moreover, results from this study
will assist in providing inputs m the designing of appropriate
breeding and management programs for the improvement of
chickens raised by rural households.

Materials and methods

Description of the study areas

This study was conducted in Mvomero district, Eastern
Tanzania for a penod of 52 weeks form December 2008 1o
December 2019, The district is located between latitudes 5—8°
S and longitudes 37-397 E and lies on the foothills of Ngumu
Mountains to the north-west and the Uluguru Mountains to the
south-east. The district is characterized by a bimodal rainfall
pattern with long rains between March and May: the short
rains are between Movember and January with a relatively
short dry spell between June and September (Rumisha et al
2019). This district is also dominated by various topography
and ecological zones with different climatic conditions. Two
diverse wards within the disirict, i.e, Nvandira and Dakawa,
each representing highland and lowland zone respectively.
were selected for the study. The selection of the siudy areas
wis based on their differences in temperature, altitude, vege-
tation type, and frming systems.

@ Springer

MNyandira ward (highland #one) is located about 60 km
south-west of Morogoro municipality on the western slopes
of the Uluguru Mountains in Tanzania. It les between 1550
and 1750 m above sea level. The weather is faidy cool with
temperatures ranging between 11 and 23 *C and an annual
rainfall of about 1400 mm (Eik et al. 2008). The topography
of this area is mountainous, with hills and valleys following
the contours of two main nvers that provide a year-round
source of water. The area is densely populated with smallhold-
er farmers, 84% of whom practice both crop farming and
livestock husbandry (Sonola 2015). The arable land on the
hillsides s mtensively cultivated with crops such as maize,
beans, pigeon peas, vegetables, and fruits,

On the other hand, Dakawa ward (lowland zone) is located
about 45 km north of Morogoro municipality along the main
road to Dodoma, central Tanzania. The area lies between 293
and 379 m above sea level. Annual rainfall ranges between
580 mm and 1191 mm. The weather is slightly warm and dry:
the mean maximum temperature is 31 °C whereas the mean
minimum temperature is 19 *C. The major farming systems
include maize-rice and agro-pastoralism (Mbaga et al. 2017)

Experimental design and sampling procedure

The experiment was amanged in a 2 = 2 factorial design in-
volving two breeds (Kuroiler and Sasso) and two sones (high-
land and lowland). Selection of villages and households par-
ticipating in the study was done in collaboration with District
and Ward livestock officers. [n each zone, two villages were
purpasively selected. and from each village, 16 farmers were
involved in the study, ie. 2 * 2 = 16 = 64 households. For
each of the 16 farmers in a village, eight received Sasso, and
the remaining eight received Kuroiler chickens, each with 18
birds of mixed sexes. Participating households were randomly
selected from a list of farmers that had been keeping more than
ten chickens for at least 5 years. Criteria for a household 1o be
included in the study were based on willingness to participate
in the research project and the ability to provide all necessary
management for chickens including housing, supplementary
feeding. health care, ete. Each participating farmer in the vil-
lage was randomly allocated with one of the test breeds of
chickens.

Management of experimental birds during brooding

A total of 1800 days old chicks. 900 of each breed were
procured from Silverlands (Sasso) and AKM Glitters
(Kurviler) companies. Brooding of chicks was done from
day-old up to & weeks of age at Pouliry farm, Sokoine
University of Agriculture (SUA), Morogoro. Upon arrival,
chicks were wing tagged for identi fication. Commercial starter
crumbles (2041 Keal MER&g, 21.2% CP) were fed ad libitum
for the first 2 weeks of brooding. Thereafter, chick mash
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(3049 Keal MEfkg, 200.3% CP) was provided based on
breader’s recommendations up to the 6th week of age. Water
was provided ad fibitum throughout the brooding period.
Chicks were vaccinated against Newcastle, Gumboro, and
Fowlpox following veterinary vaccination schedules.
Medication was provided depending on the oocurrence of
specific disease symploms. Sexing was done at the 6th week
of age. and thereafier, birds were transferred to farmers for on-
farm evaluations.

On-farm management of the birds

Upon arrival in the field. birds were firstly weighed individu-
ally to obtain the initial body weight. To mimic smallholder
farmers” practices in rmural areas. a semi-intensive system of
management was adopted. A fammer was responsible for pro-
viding water and supplementary feeds o the birds depending
on what was at hisher disposal. Kitchen leflovers, maiee bran,
and other crop by-products were the main feeds used o sup-
plement the birds. Training on proper management of the
birds and data recording was provided to participating farmers
and four Ivestock feld officers, two for each zone. Apart from
data recording, field officers were also responsible for super-
vising and advising farmers on all management aspects of the
birds under field conditions.

Data collection

Data on growth, ege production, and mortality were reconded
at different ages, starting from the 6th to 20th week of age for
males, while for female records were extended up to 52 weeks
o capture egg production data. The following parameters
werne recordedfcalculated.

1. Body weight (BW) at different ages: birds were weighed
individually using a digital weighing scale at 6th week (1o
obtain initial body weight) and then at 8, 12, 16, and 20
weeks of age

2 Total weight gain (TWG) was calculated as the difference
between mitial body weight at week 6 and the final body
weight at 200 weeks of age

3. Age at first egg was taken as the number of days between
hatching date and date of the first egg (e 5% fock ez
production)

4. Similarly, age at peak egg production was taken as the age
at maximum weekly % egg production

5. Hen Housed Egg Production (HHEP) was caleulated by
dividing the total number of eggs laid by the number of
hens housed at the start of lay

6. Hen Day Egg Production (HDEP) was calculated by di-
viding the number of eges by the number of hens surviv-
ing om that particular day (North 1984)

7. Egg production rate: the average for the whole egg-laying
period of HDEP was calculated in percentage and termied
as egg production mate

8. Morality and disease occurnences were recorded as they
oecurred during both growing and laying peniods

Statistical data analysis

All traits measured were subjected to analysis of vanance
using the General Linear Models (GLM) procedure of SAS
(2009) by considering breeds and zone as fixed effects and
their interaction. The effects of the zone were tested by using
the differences between villages within the @one as the ermor
term whereas, breed effects were tested by using the
differences between farmer raising the jth breed within
village and zone as the error term. Weight at week 6 was
considered as the initial weight and taken as a covariate.
Survival data were anabvred using the frequency procedure
of SAS (2009) whereby breed and zone were tested for differ-
ences using a chi-square (%) test.

The following statistical model was used o analyee the
data for body weight (BWT) and wal weight gain (TWG)
measured on ndividual bird basis.

Yium = 1+ Z; + Bj + (ZB); + V(Z) + F(ZVB)g,
+ b(x=Xx/n) 1 + Eijktrnn (1)

where Yigin, 15 the observation (body weight, total weight
gain) on the mth bird kept by the fth farmer mising the jth
breed within the &th village and ah zone, w is the general
means common to all ohservations in the study, Z; is the effect
of the ith zone (i highland, lowland), 8; is the effect of the jth
breed (j: Kuroiler, Sasso), (ZB)y; is the effect associated with
the interaction between breeds and zones, V(Z)y is the effect
of the kth villages within the ith zones, F(VZB ), is the effect
of fth household raising the jth breed within the &th village and
ith zone, blx-¥  Jgum is the initial weight as a covariate, x is
the initial weight of the bird. ¥ is the average initial weight,
b is the regression coefficient, and Ejg i, is the random effects
peculiar to each bind.

For egg production and other traits observed on a house-
hold basis (e, the household was the observation unit) were
analyzed by using the statistical model 2.

Vi =n+ 2,4+ B, + (ZB); + V(Z)y + F(VZB)y,
+ Ega (2)
where ¥y, 15 the observation (egg production traits) on the
fth farmer raising the jth breed within the &th village and jth

zone, pis the general means common o all observations in the
study, Z; is the effect of the ih zone (i- highland, lowland), 8,

@ Springer
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is the effect of the jth breed (f: Kuroiler, Sasso), (ZB)y is the
effect associated with the interaction between breeds and
zones, V(2 is the effect of the Mh villages within the ih
wones, F(VZB jja 15 the random effect of fth household rais-
ing the jth breed within the kth village and ih zone, and Ejjy e,
i% the random effects peculiar to each bird.

Results

Effects of breed and agro-ecological zone on body
weight and body weight gain

Table | shows the least square means for body weight (BW)
of chickens at different ages and total weight gain (TWG)
summarized by breed and zone. The results show that breed
had no significant (P = 0.05) effects on both BW and TWG.
However, the agro-ecological zone was a significant (P <
0.05) source of variation for BW at weeks 16 and 20 as well
as for TWG. Highland area recorded heavier birds than low-
lamd at weeks 16 and 20. Similardy, the TWG in the highland
arca was higher than that of the lowland area. Significant
interaction effects were observed for BW at 16 and 20 weeks
of age, as well for TWG (Table 2). Kuroiler was heavier than
Sasso chickens in the lowland area at 16 and 20 weeks of age,
a phenomenon that was not observed in the highlands.

Effects of breed and agro-ecological zone on egg
production performance

Table 3 shows the least square means on egg production traits
summarnzed by breed and wone. The results show that there
were no significant differences (P > 0.05) between breeds and
between zones for all egg production traits studied. Significant
breed = agro-ecological zone interaction was observed only

for age at first egg (F < 0.001), where Sasso matured earlier
than Kuroiler in the highland areas but much later than
Kuroiler in the lowland areas (Table 4).

Effects of breed and agro-ecological zone on mortal-
ity rate

The percentage of bird’s moralities during the growing and
laying phases summanzed by breed. zone, and breeds within a
zone is as indicated in Table 5. There were no significant
differences (P > 0.05) between breeds with respect to the
percentage of birds that died during both growing and laying
phases. Nonetheless, the agro-ecological zone had significant
effects on the mortality rate of the two breeds whereby birds in
the highlands survived better than those in the lowland area
during both phases. Moreover, there was a high percentage of
morality during the layving phase compared o the growing
phase in both agro-ecologies. No significant differences were
observed in monality rates among the breeds within the zone
except for the lowland area where Kuroiler survived better
than Sasso chickens during the growing period.

Discussion

Performance or response in chickens 12 affected by two fac-
tors, ie, genotype and environment. But also, differences
between genotype can vary depending on the environment if
there 15 an interaction between the two factors. In this study,
the growth of chickens was mostly affected by the environ-
ment which reflects their differences in response to agro-
ecological zone factors. The final body weight and weight
gain during the growing phase were higher for chickens in
the highland area than in the lowland. Swch variation might
have been caused by differences in feed availability and

Table1 LSMz+ SE values for body weight (BW in gram) at different ages (week) and total weight gain {TWG in gram) summarized by breod and zone

Fined effects Mean body weight (BW) at different ages (weeks) Todtal weight gain (TWG)
Week 6 Wok 8 Week 12 Week 16 Week 20

Breed

Bluroiler 5273 =300 705 £47 10687 £ 8.3 14869 £ 12.3 199350 + 143 14583 £ 143

Sasso 5514 2307 TH0£4.7 1060.9 + 2.6 148000 £ 12.8 1900.3 + 149 13636 £ 148

FPyalue <01 0.6493 07993 0.7342 01921 01981

Fome

Highland HM2Ex3.0 T0x46 1063.2 4 83 153509 £ 12. 20207 & 14.17 148350 = 1417

Lowland 5359 +30 705 +£47 10674 + 8.5 1404.1 + 1274 18736 + 149" 1336.9 = 14.0F

FPyalue 03167 02212 02357 00063 00341 L0341

LEM beast square mean, SEM standard error of the mean

""meqmmnswihmmmmlﬂminmwwnammmdﬁmg@ﬂfm&ﬁm
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Table 2 LSM + SEM wvalwes for

the interaction effects of agro- Age (week) Highland Lowland P walue

eoological zones and breeds on i -

body weights (BW in gram) at Kuroiler Sasso Kuroiler Sassn

different ages (week) and total . -

wiedght gain (TWG in gram) BWE T2l +62 5 T26.1 £ 66 T47.1 + 6.6 738 £ 67" 01062
BW 12 10670+ 11.7 10595+ 119 T2 £ 118 10624 £ 12.3 08163
BW & 15323 +17.3° 15694 + 172" 14415+ 174" 13667 + 18.7° OIS
BW 20 20041 £ 20,17 2039.3 + 20007 19858 £+ 204 17613 £21.8° =0 ]
TWG 20 14674 £ 20.1* 15026 £ 2000F 14492 £ 204 12246 + 21 8 =0 ]

LEM least squarne mean, SEM standard emror of the mean, W bodyweight
* B ] cact square means with no superscript letiers in common within a row are significantly different

weather conditions of the two zones. This observation is
supported by Goromela et al (2006) who showed that agro-
ecologies have a great influence on the availability of feed
resources. Reports from other studies have shown better feed
availability in highland than in lowland areas. For example,
Pius and Mbaga (201 8) reported better availability of feeds in
the cool Southem highland than in the Central semi-arid zone,
Tanzania. Also, Alem (2014) and Habie et al. (2013) reported
relatively better performance ofboth local and exotic breeds in
mid-highland than in the lowland ecologies of Ethiopia which
were afinbuted to the availlability of feeds and favorable
environments. Mulugeta et al. (2020) also reported better
growth performance of DZ-White and improved Horro
chickens in the highland than in the lowland area in Ethiopia

Significant breed = agro-ecology interaction effects were
observed for body weight at 16 and 20 weeks ofage. The body
wiight of Sasso birds in the lowland at week 20 was lighter by
13.6% than those Sasso m the highland area. The lower per-
formance of Sasso in the lowland area depicts sensitivity of
the breed o variation in environmental factors and may be
attributed to heat stress, inadequate feeding, and limited
scavengable feed resources which probably affected
negatively the growth performance of the breed. This
observation is proved with arguments put forward by Sanka
et al. (2020) that Sasso breed has more brodler genes and 15

heavier. probably needs relatively more feeds o optimally
express their genetic potential.

On the other hand, the fmal body weight of Kuroiler was
similar in the two agro-ecologies which may imply that the
breed was less sensitive to changes in the environmental con-
ditiomns. According to Lozano-Jaramillo et al. (2019), vanation
in productivity among breeds can be attributed to the breeds’
origin, which can influence the breed’s intnnsic response to
diverse environmental conditions. Kuroiler was developed in
India under humid conditions (Lozano-Taramillo et al. 2019),
a factor that might play a role i its performance in the lowland
area which had more or less similar conditions to those of s
origin. Besides, this breed is said o have genes associated
with homeostatic regulatory functions such as response to
hypoxia, cold, and starvation (Fleming et al. 2016). Hence.
these factors might have contributed to the Kuroiler breed
maintaining its body weights regardless of the agro-
ccologes under the present study.

In general, the observed final body weight attained by
Sasso during the growing phase in the present study is below
the range of 2.7 £ 053 kg and 298 £ 0.70 kg for the same
breed reported by Getiso et al. (2017) in Ethiopia. Similarly,
the final body weight of Kuroiler in the present study is lower
than 2.6 kg reported by Sharma et al. (2005) at 25 weeks of
age but hagher than 1705.52 g at 20 weeks of age reported by

Table 3 LSM £ SE values for egg production performance summarized by breed and zone
Egg production trait Breed P walue Fone P walue
Kuroiler Sasso Highland Lowland

Age ar first egg (days) 18l.6x 1.5 1802+ 1.5 05278 1827 £ 1.5 M1+ 15 0041 1

Egg production rate (%) 457 £ 1.6 408 16 02838 404 = 1.7 462+ 16 02410
Peak production rate (%) 656£32 GBI+ 32 05724 624+33 B6.l +32 04326

Age at peak production (week) 365206 6l £ 06 09120 357206 172+ 046 01052

Hen-day egg production {count) B26£29 T29+29 02499 Tii+219 822+29 02732

Hen-housed egg production (count) 53020 52920 09510 aluG + 2.0 434 +£20 01183

LEM least squane mean, SEM standard ervor of the mean
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Table 4 LSM + SEM values for

the interaction effects of agro- Ega production trait Highland Lowland Falue

ecological zones and breads on

eon production performance Kuroiler Sassn Kurailer Sagso
Age at first egg (days) 189321 1Te0+21"  1TIS+21Y 18442217 <0001
Egg production rate (%) BoL24 41LEx23 524123 99£23 OLIET2
Peak production rate (%) .7+ 46 Gl + 4.6 G4+ 4.5 65T+ 4.6 LETER
Age at peak production (week) B0+09 I55+09 7009 375209 05766
Hen-day egg production (mumber) Tint 4.1 Til £4.1 QLT+ 40 T2ET£4.0 02626
Hen-housed egg production (namber) 618+ 29 593+29 H1+28 46618 05195

LEM least squane mean, SEM standard emor of the mean
= | gast square means with no superseript letters in common within a row are significantly differemt

Islam et al. (20017) under scavenging conditions in Uganda
and India, respectively. Availability of scavengable feed
resources, age of recording, and frequency of supplementing
the birds are the possible reasons for those differences
between the results of the present study and that of other
authors. For example, in the present study, supplementation
was done infrequently depending on the available feeds given
that most of the rural households are poor. On the contrary, the
study of Getizso et al. (2017) was somewhat controlled where-
by supplementation was done three times per day.
Conceming egg production traits, the results of the present
study show that age at first egg is influenced by the interaction
between breed and zone. In the highland area. Sasso chickens
matured about 13 davs earlier than Kurolier, while in the
lowland the same breed matured about 11 days later than
Kuroiler. This implies that the highland and lowland
environments favored Sasso and Kuroiler breeds.
respectively, in terms of age at first egg, as was the case for
body weight explained earlier in this study. However, this
finding 1= contrary to that of Assefa et al. (20019 who sug-
gested that the Sasso breed 1s favored by the lowland

environment in age at first egg. Such differences ane possible
since this trait is affected by several environmental factors
including nutrition, temperature, diseases, and management
practices (Zaman et al. 2004; Alem 2014; Kidie 2019).
Generally, the average age at first egg of Sasso chickens ob-
served in the present study is higher than 155 £ 24,6 days and
522 2 043 months (156.6 days) reported by Assefa et al.
(2019) and Kejela (2020), respectively, for Sasso chickens
in Ethiopia. Conversely, the mean age at first egg of
Kuroiler and Sasso chickens observed in the present study is
comparable to the overall mean of 184 £ 1 6 and 176 + 1.5 for
Kuroiler and Sasso chickens, respectively, reported by Kidie
(201%) in Amhara region, Ethiopia

Egg production rate, peak production rate, and age at peak
production were not affected by breed, agro-ecology, or breed
= agro-ecology interaction. In comparison to the present find-
ings, Kidie (2019) reported a much higher egg production rate
of 67.7% and 69 2% for Kuroiler and Sasso chickens, respec-
tively, under semi-scavenging management in Ethiopia.
However, the egg production rate for Kuroiler and Sasso
chickens in the present study is much higher than 28 8% and

Table 5 Monality of binds (%)

during the growing and laying Parameter Growing phase Laying phase
phases summarized by bresd,
=one, and breeds within a zone Mortality x-test P value Muormality x-test P walue
Effects of broed and #one
Breed Kuroiler 155 090TE 03408 292 05533 04570
Sagsm 175 422
Agroecology Highland 127 122019 (0.0005 346" Q6128 00019
Lowland 203" 4717
Effects of broed within a zone
Highland Kuroiler 14.9 26511 01035 354 LENiE 0. Ta47
Sagsm 14 338
Lol Kuroiler 16.0" 6.T035 TG 431 1. B581 01728
Sagsm 246" 510

"Vsluﬁniﬂimsm:iﬂ]m in common within a cobumn and effect are significantly different
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22 5% for Rhode Island Red (RIR) and Barred Plymouth
Rock (BPR) dual-purpose chickens reported by Saezad
(1992) under rural management in Bangladesh. The age at
peak production for Kuroiler and Sasso observed in the
present study 1s comparable to the value of 36 weeks
reporied by Kidie (2019) for both breeds. Toial egg vields
(1.e.. both hen-day egg production and hen-housed egg pro-
duction) were also not affected by breed or by agro-ecologies.
This may imply that the two breeds responded similary to
environmental conditions nfluencing egg vield i chickens.
Total egg yvields, both hen-day and hen-housed egg produc-
tion for Kuroiler and Sasso reported in the present study, are
higher than the overall mean of 25.1 £ 2,52 and 12.9 4+ 139 for
Favourmi and 16.7£3.15 and 6.6 £ | 46 eggs for RIR reported
by Bekele et al. (2009) under on-farm management in
Southern Ethiopia. Also, the observed egg production
(HHEP) for Kuroiler in this study is lower than 8625 £ 23
and 69 eges for Kuriler and RIR reported by Islam et al.
(2017) and Sazzad (1992) under backyard system in India
and Bangladesh, respectively. The difference between results
of the present study and those of other authors on egge produc-
tion traits could be explained by differences in the wpe of
breed used, the tvpe of management such as feeding, and other
agro-ecological factors in the respective areas.

Mortality constitutes a big loss to the farmer, as it re-
duces the number of birds and their products. In the present
study, high mortality of chickens was observed in the low-
land than in the highland area dunng both growing and
laying phases. This could be attributed to poor management
practices (inadequate feedingh of the birds observed in the
lowlands than in the highland areas. This observation is in
agreement with that of Alem (2014) and Mulugeta et al.
(2020) who also reported high mortality of chickens in
the lowland than in the highland and midland areas in
Ethiopia. Moreover, high losses of chickens during the
laying phase in this study might be attributed to higher
stress due inadequate feeding which provides root for
infections by suppressing the immune system and hence
increase diseases. [t has o be noted that the laying period
in the present study coincided with the dry season which
limits the amounts of scavengahle feed resources in rural
areas. This observation conforms to that of Kidie (2019)
who argued that inadequate feeding, especially at the peak
of production, may lead o high percentages of morality as
at that period birds require balanced rations for body main-
tenance and egg production. The dry season is also associ-
ated with the occurrence of several diseases affecting
chickens under scavenging conditions in rural areas
(Mwalusanya et al. 2002; Alem 2014).

The observed lower monality of Kuroiler than Sasso
chickens in lowland area (growing phase) reveals its ability
to thrive well under the lowland environmental conditions, as
wis the case for body weight and age at first egg. Contrary, the

observed high mornality for Sasso in the lowland area during
both growing and laying phases may connote that the breed 15
likely to be less adapted to lowland scavenging environments
compared to Kuroiler. This observation is in agreement with
that of Kidie (2019) who reported high mortality for Sasso
chickens than other introduced breeds under on-farm evalua-
tion in Amhara region, Ethiopia.

Conclusion

The present study has revealed that the performance traits
of the two breeds are dependent on agro-ecological rone
factors. The highland zone appeared to better than
the lowland in growth and survivability of chickens.
Responses of the two breeds on egg production perfor-
mance are similar regardless of agro-ecological zones.
The study has furnther shown the existence of interaction
between the breed and agro-ecology on bodyweight and
age at first egg (age at sexual maturity). Kuroiler
seemly to maintain its bodyweight regardless of agro-
acology whereas Sasso appeared better in highland than
in lowland areas. Thus, knowledge of breed performance
in relation to agro-ecological differences is critical when
distributing improved chicken breeds w farmers.
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Performance Evaluation of Kuroiler and Sasso Chicken
Breeds Reared under On-farm and On-station
Management Conditions in Tanzania

Fadhili S. Gumi, Said H. Mbaga, and Andalwisye M. Katule

ABSTRACT

A study was conducted to evaluate the effect of management, breed, and
their interaction on growth performance, egg production, and survivability
under on-station and on-farm management conditions in Tanzania. A total
of 1200 chicks, 600 for each breed, Kuroiler, and Sasso of mixed sexes were
used. Birds under on-station management were confined and fed commercial
ration throughout the experiment while those under on-farm management
were allowed to semi-scavenge and supplemented with available feeds in the
household. Brooding was carried out on-station for six weeks. Thereafter,
birds were sub-divided for on-station and on-farm evaluation where data on
body weight, egg production traits, and survival rate were taken at different
ages from week 6 up to 52. The General Linear Models procedure fitting
management, breed, and interaction between management and breed was
used to analyze the data. Results show that management conditions had a
significant influence on the performance of the breeds. Birds reared on-
station performed better in all traits measured than those reared on-farm.
The general effect of the breed was significant only for hen-day egg
production (HDEP %) and hen-housed egg production (HHEP) in favour of
Sasso chickens. Similarly, Sasso was more efficient at converting feed to live
body weight. Interactions between management and breed were observed
for all traits except peak egg production rate and mortality rate. While Sasso
performance was better than that of Kuroiler on body weight, age at first
egg, HDEP, age at peak egg production, and HHEP under the on-station
management system, their performance in these traits were similar under
the on-farm management except for body weight and age at first egg where
Kuroiler was superior to Sasso. The survivability was also higher for
Kuroiler than for Sasso under both management systems. It is concluded
that genotype by environment (GxE) interaction had significant effects on
the performance of the two breeds thus, a need to consider such effect when
promeoting them for either on-station or on-farm rearing.

Keywords: On-station. On-farm, Kuroiler, Sasso,
production. Mortality.
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Efforts have been made previously to improve meat and egg

Poultry production in most developmng countries has an
mmportant economic, social, and cultural benefit and plays a
significant role mn family nutritton. About 85% of the rural
populations in sub-Saharan Africa keep chickens which
provide a reasonable proportion of animal protemn and
household cash income [1]. In Tanzania, like many other
developing countries. household poultry production is
practiced in rural and urban areas for the livelihood of the
households 1.e., as a source of income and food. Poultry, in
particular chicken, production systems in Tanzania have been
categonized as unimproved traditional indigenous, improved
family, and commercial systems. The traditional system of
poultry keeping 1s predominant, and accounts for 96% of
household flocks and supplies 94% of poultry meat and eggs in
rural areas [2]. However, this system 1s unable to meet the
mcreasing demand for poultry meat and eggs owing to its low
productivity in terms of both egg and meat.

DOI: hitp-ffdx.doi.org/10. 240158/ gjfoed 2021 .3.2.254

production through importations of high producing exotic
breeds, particularly in the commercial sector. These efforts are
yet to produce the expected output in the tropics, apparently due
to a lack of adaptation to the tropical environment. Besides, the
selection and breeding of exotic breeds were developed for
high-input intensive production systems in temperate regions
[3]. The failure of exotic stocks to meet expectations when
raised under tropical conditions is often associated with the
phenomenon termed "genotype by environment interaction' [4].

Alternatively, the introduction of tropically adapted dual-
purpose chicken breeds suitable for family chicken production
has been proposed to be one of the key strategies to improve
chicken productivity in the country [5]. Euroiler and Sasso are
among such breeds which have been introduced into the
country. Kuroiler originates from India and has been developed
through crossing several pure genetic limes of chickens
including White Leghorn, Rhode Island Red. Coloured broiler,
and local Desi chickens, followed by selection for high
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production performance and ability to thmve i willage
environment under scavenging oOf semi-scavenging rearng
systems [6]. The second breed 1s Sasso which oniginates from
France. It has been developed through an intensive selection of
traditional colored lines of chickens from France [7]. The two
breeds are known for many desirable features of indigenous
birds, such as the feather colors for camouflage, ability to
escape from predators, resistance to diseases. adaptable to
tropical and sub-tropical conditions [8], [9]. They have also the
ability to scavenge. thus require low maintenance yet grow
about double the bodyweight of their indigenous counterparts
[10]. provided that they receive supplementation and are
protected against diseases. The two breeds are now being
popularized 1 the country and distnibuted to farmers by two
major poultry multiplication companies in Tanzania.

The multiplication and distribution of these breeds target
smallholder farmers thus, they must be tested for performances
under various management systems and be recommended
accordingly. Therefore, this study intended to test the
performance of Kurciler and Sasso chickens to evaluate their
genefic potential under a controlled environment (on-station)
and farmer management (on-farm) conditions, and test for
genotype X interactions for economic traits.

II. MATERIAL AND METHODS

A, Study Areas and Management of Chicks during Brooding

This study was conducted on-station and on-farm from
December 2018 to December 2019. The on-station study was
carried out at Sokoine University of Agriculture while the on-
farm experiment was conducted in two villages (1.e., Wami-
Sokoine and Wami-Luhindo) located about 45 km from the
University. The university is located at the foothills of the
Ulugum Mountains in Morogoro. Eastern Tanzamia, about 550
m above sea level

A total of 1200 day-old chicks. 600 for each Kuroiler and
Sasso breed were procured from two different commercial
companies in the country. Brooding of chicks was done from
day-old up to 6 weeks of age at the University poultry farm.
Upon arnival, chicks were wing-tagged for identification. Each
breed was allocated to 2 brooding pens, each with 300 chicks.
During the brooding period. chicks were fed a commercial
starter diet in form of crumbles containing 2941 Kcal ME/kg
and 21.2% CP from day old up to the 2™ week of age. A chick
mash containing 3049 Ecal ME/kg and 20.3% CP was then fed
from the 3™ up to the 6™ week of age. Water was provided ad
libitum throughout the brooding period. Birds were also
routinely wvaccimated against Newcastle, Gumboro, and
Fowlpox diseases at specified age intervals. Treatment was
provided in case of occurrence of specific disease symptoms.
Sexing was done at the end of the brooding period 1.e., at weeks
6 of age. The birds of each breed were then divided into two
groups. of which 576 (288 Sasso and 288 Kuroiler) were
transferred to farmers for on-farm evaluation, and 480 (240
Sasso and 240 Kuroiler) remained at the University poultry
farm for on-station evaluation.

B. Management of Birds during Growing and Laying
Phases Under On-station and On-farm Management Systems
1. On-station
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The birds of each breed were randomly allocated to six deep
litter pens of 40 birds each and reared under total confinement.
They were provided with a commercial grower ration
containing 15.5% CP and 2762 Kcal ME/kg. from the 62 to the
19® week of the age. Thereafter. a layer ration containing
18.5% CP and 2965 Kcal ME/kg was provided from the 20
week of age to the end of the expenmental period. Routine
vaccinations against Newcastle. as well as anthelmintic, were
also given to the birds based on manufacturer instructions.
Treatment was provided i case of occurrence of specific
disease symptoms.

2. On-farm

The selection of villages and households participating in the
study was done in collaboration with District and Ward
livestock officers. Recruitment of a household (farmer) was
based on individual willingness to participate mn the research
project and his/her ability to provide all necessary management
for the chickens including housing. supplementary feeding,
health care, etc. In each village 16 farmers (households) were
randomly selected from a list of farmers that met the critenia to
be included in the study. Out of the 16 farmers in a village, half
of them received 18 pre-brooded Sasso and the remaining half
received 18 Kuroiler chickens of mixed-sex.

A three days traming on proper management of the birds and
data recording was provided to participating farmers and two
livestock field officers, one for each village. Apart from data
recording, the field officers were also responsible for
supervising and advising farmers on all management aspects of
the birds under field conditions.

Upon arrival in the field, the birds were first weighed
individually to obtain the initial body weight. A semi-intensive
system of management was adopted whereby a simple
enclosure was made around the homestead to restrict other
birds from mixing with the experimental birds. The farmers
were also responsible for providing housing, supplementary
feeding, and basic health care. They were encouraged to make
simple formulations to include energy. some protein sources,
and minerals in addition to kitchen leftovers.

III. DATA COLLECTION

A Growth Performance and Feed Conversion Ratio

The body weight (BW) of chickens was recorded at different
ages from the 6% up to 207 weeks of age under both
management systems. Birds were weighed individually using a
digital weighing scale at the 6T week of age to obtamn initial
body weight, and then subsequently at 8, 12, 16, and 20 weeks
of age. Total weight gain (TWG) was calculated as the
difference between initial body weight at 6 weeks of age and
final body weight at 20 weeks of age. Feed conversion ratio
(FCR) was calculated as the amount of feed consumed per unit
of body weight gain. This variable was calculated only for birds
raised on-station.

B. Egg Production Traits

Age at first egg was taken as the number of days between
hatching date and the date at first egg (1.e., 5% flock egg
production rate). The peak production rate was taken as the
maximum weekly % egg production. Similarly, age at peak egg
production was taken as the age of birds at a maximum weekly
egg production rate. Hen-housed egg production (HHEP) was
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calculated by dividing the total number of eggs laid in a pen/per
household by the number of hens housed at the start of lay. Hen-
day egg production (HDEP?%:) was calculated by dividing the
number of eggs laid in a pen/per household by the number of
hens still alive up to that particular day of recoding [11].

C. Mortality

Mortality and its causes were recorded as they occurred
during both the growing and the laying periods.

IV, DATA ANALYSIS

All traits measured were subjected to analysis of vanance
using the General Linear Models (GLM) procedure of SAS [12]
by considering management conditions (ie., on-station vs on-
farm) and breeds as fixed effects., as well as breed x
management interaction effects. Individual farmer or pen effect
within a management condition was taken as a random effect.
Weight at 6 weeks of age was considered to be a covariate
during the analysis of data. Effects of management and breed
on survival were tested by a chi-square (¥°) test using the
frequency procedure [12].

The following statistical model was used to analyze data for
body weights (BWT) and total weight gains (TWG) measured
on an mdividual bird basis:

Yig= p + M: + B; + (MB)g + FP(MB Jijx+ b(x g -¥ x5 /n)
+ Egn (1)

where
Yym = observation (body weight, body weight gain) on the 1%
bird from the k™ farmer or pen within the j® breed and i®
management system;
p = General means commeon to all observations in the study;
M; = Effect of the i® management system (i = on-station, on-
farm);
B; = Effect of the 1™ breed (j= Kuroiler, Sasso):
(MB)y = Effect associated with the interaction between the
management system and breed;
FP(MB)y~= Random effect of the k™ farmer or pen within the
1™ management system and T breed:
Xja = initial bodyweight of the 1% bird from the k™ farmer or
pen within the j* breed and i® management system:
% x s/ = average initial body weight of all birds 1n the study:
b = Regression of body weight /body weight gain on initial
body weight:
Eyu= Random effects peculiar to each bird.

For egg production and other traits observed on pen or
household basis (1.e.. the pen or household was the observation
unit) were analyzed by using the following statistical model:

Yiu= p + M; + Bj + (MB)y + FP(MB )i+ Egu (2)

where:

Yy = observation (Egg production variables) from the k™®
farmer or pen within the j* breed and 1 management system:
u = General mean common to all observations in the study;

M; = Effect of the 1® management system (1= on-station. on-
farm);

B; = Effect of the j breed (j= Kuroiler, Sasso):
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(MB); = Effect associated with the interaction between the
management system and breed:

FP(MB)ijk= Random effect of the k™ farmer or pen within the
1™ management system and jT breed;

Eiqw= Random effects peculiar to each bird.

Mote: The effects of the management system and breed for
body weight and egg production variables were tested using the
farmer or pen varation within the management system and
breed (1.e.. FP(MB)ijk) as the error term.

For feed conversion ratio, Medel 1 was modified to model 3
where the effects of the management system and interaction
between the management system and breed were removed
because FCR was measured under on-station experiment only.

Yig= p + Bi + b(x-¥ x/n)y+ Eix (3)
All descriptions are similar to model 1 except:

Y= observation (Feed conversion ratio)

V. RESULTS

A Effects of Management and Breed on
Performance of Kuroiler and Sasso Chickens

Growth

The least-square means for body weight (BW). total weight
gain (TWG), and average daily gain (ADG) of chickens
summarized by management system and breed are presented in
Table I. The overall results during the growing phase show that
the management system sigmificantly (P<0.05) influenced the
body weight and weight gain of the two breeds. Chickens
reared under on-station management were heavier and gained
more weight than the chickens reared under on-farm
management. Breed effects were msignificant (P=0.05) for
body weight and body weight gain. The results further show
that FCR differed significantly (P<0.05) between the two
breeds whereby, Sasso had a lower feed comversion ratio
compared to Kuroiler. Significant interaction effects (P<0.05)
between the management system and breed were observed on
BW. TWG. and ADG (Table II).

B. Effects of Management System and Breed on Egg

Production of Kuroiler and Sasse Chickens

The least-square means for egg production traits summanzed
by management systems and breeds are presented in Table IIL
The results show that there were significant differences
(P=0.05) between management systems on all egg production
traits studied in favor of the on-station management system.
The general effects of the breed were significant (P<0.05) only
for HDEP and HHEP where Sasso outperformed Kuroiler. Mo
significant differences (P=0.05) were observed between the
two breeds for age at first egg, peak egg production rate, and
age at peak egg production. Significant interaction effects
(P<0.05) between the management system and breed were
observed for all egg production traits except for peak egg
production rate which was not significant (Table I'V).
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TABLE I LSM=SEM VAT UES FOR GROWTH PERFORMANCE TRAITS OF CHICKENS SUMMARIZED BY MANAGEMENT SYSTEMS AND BREEDS

Fixed effects

Wanables

BW at week 6 (g)

BW at week 20 (g)

Total weight gain (g) Average daily gam(g)

Management system

On-station 541433 2510.9£16.4° 1977 3216.4° 202:02°
On-farm 536.0+3.0 1870.5£16.1° 1336.9£16.1° 13.60.2°
Breed _
Kuroiler 527.032° 2154.1%15.8 1620.5£15.9 16.540.2
Sasso 550443 .2° 2227.3%16.9 1693.7£16.9 17.320.2

** Means with different superscripts within a column and effect are significantly different (P<0.05), LSM = least-squares mean, SEM = Standard error of the

mean, BW = Bodyweight.

TABLE II: LSM+SEM VALUES FOR THE INTERACTION EFFECTS OF MANAGEMENT SYSTEMS AND BREEDS o GROWTH PERFORMANCE TRAITS OF CHICKENS

Fixed effects Wariables
Management . ; . - Total Weight Average Daily
system Bresd BW at v.eeké (g) BW at week 20 (g) Gain (=) - Gain (2) FCR
On-station Kuroiler 52932477 2313.1£22.7° 1779 4%22 7° 18.2+02" 5.8+0.1°
Sazso 553547 2708 8+£23 8° 21752423 8° 22 24027 4. 8=0.1°
On-farm Kuroiler 524 624.3° 1995 2422 1° 1461 6422 1° 14 90 2° -
Sasso 347 344 32 1745.9423 74 12123223 74 12 4=() 2%

*% Means with different superscnipts between breeds within management system are significantly different (P=0.05), LSM = least-squares mean, SEM = Standard

error of the mean, BW = Bodyweight, FCR = Feed conversion ratio.

TABLE IIT: LSEM+SEM VAIUES FOR EGG PRODUCTION TRATTS OF CHICEENS SUMMARIFED BY MANAGEMENT SYSTEMS AND BREEDS

Variables
Fixed effects Age at firstegg  Hen-housedegzg  Peak egg production Age at peak Hen-day egg
(davs) production (Fa) rate (¥a) production (week) production (count)
Management
Omn-station 153 4%1.7° 56.422.6 81.1£3.3 34.5%0.2° 108.3+4.3
On-farm 179.1%1.2* 34.9+0.7° 66.0£2.67 373203 50.5%1.2°
Breed _
Kureiler lo6.5x1.5 41.9+2 57 T4.7x3.0 36.2+0.3 71.324.1°
Sasso 166 1+]1.5 49 5+1.1* T2.3+3.0 35603 B7.5+1.8°

** Means with different superscripts within a column and effect are significantly different (P=0.05), LSM = least-squares mean, SEM = Standard error of the

meamn.

TABLE IV: LSM+SEM VAILUES FOR THE INTERACTION EFFECTS OF MANAGEMENT SYSTEMS AND BREEDS 0o EGG PRODUCTION TRAITS OF CHICEENS

Fixed effects Varables
Management Age at first egg Hen-housed egg Peak. °EE Ageat peak Hen-daylegg

svrstem Breed = (days) oduction (.,‘.-) production rate production production

& . PT ) = (%) (week) (count)
On-station Fauroiler 159,242 5° 49 124 9° 83247 35 320.3° 91 4=8.0°
Saszo 147.7%2 5% 63.7+1.9° TR G4 T* 33.70.3° 125 2+3.1*

On-farm Kuroiler 173.821.7° 34.5£1.0° 66.243.67 37.020.4° S1.3+1.6°
Saszo 184.5+1.7° 352+1.0° 65.7+3.7° 37.50.4° 40 8£1.7°

*% Means with different superscripts between breeds within management system are significantly different (P=0.05), LSM = least-squares mean, SEM = Standard

emor of the mean.

TABLE V: MORTALITY RATES OF BIRDS (%) DURING THE GROWING AND LAYING PHASES SUMMARIZED BY MANAGEMENT SYSTEMS, BREEDS, AND BREEDS
WITHDY A MANAGEMENT SYSTEM

Fixed effects Growing phase Laying phase
Mortality e l-test P_wvalue Mortality W -test P-value

Management On-station 106 243792 o 17.0 53.7141 wEE
On-farm 221 471

Breed Kuroiler 125 142977 s 309 1.5680 ns
Sasso 212 36.1

On-station Kuroiler 7.5 49362 = 16.5 0.0402 ns
Sasso 13.7 17.5

On-farm Kuroiler 16.7 97072 == 431 1.8581 ns
Sasso 274 51.0

P =< 0.05); ** (P <0.01 *** (P < 0.001); = (P=0.03).

C. Effect of Management System and Breed on ithe

Survivability of Kuroiler and Sasso Chickens

The mortality rates of the birds during the growing and
laying phases are summarized by management systems, breeds,
and breeds within management systems (Table V). There were
significant differences (P<0.05) between the two management
systems for the survivability of chickens. Birds reared under
on-station management had lower mortality rates (growing
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10.6% and laying 17.0%) than birds reared under on-farm
management (growing 22 1% and laying 47.1%). The general
effect of the breed was significant (P=0.05) only during the
growing period where Sasso had a higher percentage of deaths
(21.2%%) than Kuroiler (12.5%). Breed effects within the
management system were significant only durning the growing
period. where Kuroiler had lower mortality rates than Sasso
under both management systems 1e. (on-station 7.5% vs. on-
farm 16.7%) and (on-station 13.7% vs. on-farm 27.4%) for
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Kureiler and Sasso respectively. No significant difference
(P=>0.05) was observed for mortality rates of the two breeds
within the management system dunng the laying peniod. In
general, a higher percentage of mortality of chickens had
occurred during the laying than during the growing period,
where the on-farm management system encountered meore
deaths.

VI DISCUSSION

Performance traits are mostly affected by genotype (breed,
strain, lines, ecotype. etc.) and environment (management
system, nutrition, diseases, etc.). In this study. most of the traits
studied were affected by both genotype and environment
depending on the stage of growth The mean body weight and
body weight gain of chickens reared on-station were higher
than of those chickens reared on-farm., mmplying a higher
growth rate under on-station than on-farm conditions. The most
likely explanation for the higher growth performance of on-
station birds could be the provision of formulated rations
throughout the experimental period. The on-farm birds were
only supplemented with any available feeds at the household
mainly maize bran and kitchen leftovers, which may not supply
the sufficient nutrients required for growth. This suggests that
the on-farm management conditions were less faveorable for the
two breeds unless higher levels of supplementation are adopted.
This observation 1s supported by the results reported previously
[13]-[15]. Besides, Bekele et al [16] and Kayitesi [17] argued
that chickens reared under semi-scavenging spend most of their
time searching for feed. This results in much loss of energy that
could otherwise be used for production mncluding weight gain
and egg production.

In general. the two breeds did not differ significantly in
respect of body weight and body weight gain. However,
important interactions were observed between breeds and
management systems on these vanables. It was found that,
whereas Sasso birds reared under an on-station management
system were heavier and grew faster than Kuroiler birds, they
performed poorer than Kuroiler birds under an on-farm
management system. The higher growth performance of Sasso
than Kuroiler chickens under on-statton management
conditions could be explained by its lower feed conversion
ratio. This may suggest that the breed is more efficient at
converting feed to live bodyweight. A similar observation has
been also reported by Sanka et al [18] when comparing Kuroiler
and Sasso chickens fed different diets. On the other hand. the
lower performance of Sasso than Kuroiler chickens under on-
farm management conditions has also been reported by Kidie
[19] under similar management systems in Ethiopia. This
probably suggests that the Sasso breed needs relatively better
management conditions to express its full genetic potential. It
1s also likely that the Sasso breed has less scavenging ability
than that of Kuroiler, hence failed to efficiently utilize the
available scavenging feed resources under the on-farm
conditions.

The bodyweight of Sasso chickens observed in the present
study at 20 weeks of age under on-station management is within
the range of 23437 to 2962.1 g reported by Bamadele et al [20]
for the similar breed. age. and management system in Nigeria.
Similarly, the observed body weight of Euroiler chickens at 20
weeks of age i the present study falls within the range of
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1728+8.2 to 1909+4.0 g reported by Kidie [19]. However,
Assefa et al [21] reported that the mean body weight of Sasso
chickens ranged from 3.01 to 3.23 kg under on-farm
management conditions, which was much higher than what was
observed in the present study. The genetic differences between
lines, varation in supplementary feeds, and availability of
scavengable feed resources in the respective areas could
explain the observed difference between the current result and
those reported by Assefa et al [21].

The on-station management system also outperformed the
on-farm management system in all egg production characters,
as was the case for body weight and other characters. Birds
under the on-station management system laid their first egg
about 25 days earlier and reached peak production earlier than
those under the on-farm management system. It was further
observed that the hen-housed egg production (HHEP) under on-
statiton management was twice as much that of the on-farm
management birds. Also. the on-farma birds had 21.5% and
15.1% lower hen-day egg production and peak egg production
respectively, than the on-station birds. Studies elsewhere in the
tropics have also reported better performance of on-station
birds over those under on-farm management [22], [16]. The
lower performance of on-farm birds might have been due to the
prevalence of diseases and infrequent feed supplementation to
birds which in most cases depended on seasons and household
practices. A similar notion has been expressed by Goromela et
al [23] and Enueppel et al [24].

The observed significant between the
management system and breed on hen-housed egg production,
hen day egg production. and age at peak egg production rate in
the present study imply that the two breeds differed in their
response to management systems. It was observed that while
the two breeds performed similarly in respect of hen-day egg
production, age at peak production, and hen-housed egg
production under the on-farm management system, Sasso
chickens outperformed Kuroiler for these characters under the
on-station management system. This observation may imply
that the Sasso breed needs relatively better management than
the Kuroiler for them to express its full genetic potential
Nevertheless, this observation 1s contradictory to that of
Bamidele et al [20] who observed that Kuroiler chickens
outperformed Sasso chickens in HHEP under on-station
management. Such contradiction is not surprising since this
character depends also on factors such as temperature, disease,
and the ability of the birds to tolerate these effects. For example,
[25] and [16] reported contradictory results on HHEP where
Rhode Island Red breed (RIR) was superior to Fayoumi in an
earher study whereas the reverse was observed in a latter study.
This was attributed to the slow recovery of RIR agamst
Fowlpox disease. On the other hand, the HHEP for Kuroiler
and Sasso chickens observed in the present study under on-farm
management are lower than 77.60+1.74 eggs of the Vanaraja
dual-purpose breed reported by Singh et al [26] under backyard
management m India.

The age at first egg 15 deemed to be the age of attainment of
sexual maturity of the chickens and 1s an important economic
egg production character. In this study, Sasso chickens matured
earlhier than Kuroilers under the on-station management system,
while the reverse was observed under the on-farm management
system. The Sasso also attained a peak egg production rate
earhier than the Kuroiler under the on-station management

interactions
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system. The better performance of Sasso than Kuroiler in
respect of age at sexual maturity and age at peak egg production
under on-station conditions might be atiributed to its higher live
body weight at the onset of egg production. According to
Olawumi [27], body weight 1s among the factors that determine
the age at first egg. age at egg peak production. and overall
performance. It is to be noted that the Sasso breed was also
heavier than the Kuroiler under on-station management as has
been explained earlier. A similar observation was reported by
[27] for Bovan Nera chickens when they were compared with
other genotypes under an on-station management system in
Nigeria. In comparison to the present findings on age at first
egg under on-farm management conditions, [28]. [19]. [29]
reported lower age at the first egg for Sasso1.e, 157.2, 176, and
177 days respectively. Likewise, Bamudele et al [20] reported
the age at first egg of 120%1.3 and 133+0.6 days for Kuroiler
and Sasso, respectively under on-station management, values
which were also lower than those of the present study.
However, Islam et al [30] and Kidie [19] reported the mean age
at first egg of 184 days for Kuroiler under an on-farm
management system, which was higher than that of the present
study for the similar breed and management conditions.
Differences in nutritional level, availability of scavengable feed
resources. and other environmental factors might be the reasons
for the differences between the results obtained in the present
study and those from other authors.

Concerning survivability of chickens, higher mortality rates
were observed for the birds raised under the on-farm than under
the on-station management conditions. The high mortality rates
under on-farm management were mainly due to diseases and
other unknown reasons. Probably poor management practices
including inadequate feeding, poor housing. and health care
might be the predisposing factors for mortality. This
observation 1s similar to the report of several authors [15]. [13].
[17]. [31]. The on-station mortality rates in the present study
were mainly due to diseases and cannibalism (cloaca pecking)
during the growing and laying periods, respectively. It has been
suggested that the exposure of the cloacal mucous membranes
soon after the actual expulsion of an egg may attract other hens
which start vent pecking [32]. This probably attracted the
chickens to develop such behavior, although the actual cause of
canmbalism was not considered for analysis. The on-station
mortality rates observed in this study are within the range of 5.5
to 13.0% and 16.0 to 28 3% during the growing and laying
periods, respectively reported by Bamidele et al [20] for similar
breeds and similar management conditions in Nigeria.

The present study also revealed that a higher percentage of
mortality occurred during the laying than during the growing
period. This could partially be explained by the fact that the
laying period in this study comncided with the dry season, which
1s associated with insufficient feed sources and the occurrence
of several diseases affecting chickens in rural areas [33], [34].
This observation agrees with the argument put forward by
Kidie [19] that mnadequate feeding and imbalanced nutrition,
especially at the peak of production., may lead to high
percentages of mortality as at that period birds require balanced
rations for body mamtenance and egg production. Higher
mortality rates during the laying period than during the growing
period were also reported by Bekele et al [16] mm Ethiopia.
Generally, Euroiler had a comparatively higher survival rate
than the Sasso under both management systems. Bamidele et al
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[20] reported smmilar observations wunder on-station
management conditions in Nigeria. The genetic differences and
the ability of the breed to tolerate environmental stress m a
particular environment might have been the reasons for such
variation. Kuroiler chickens are said to be resistant to infectious
diseases as reported from other studies [7]. [35]. [36]. This
observation is also supported by the findings from the study by
Mpenda et al [37] who reported higher antibody titers in
Kuroiler chickens than in other breeds.

VII. CONCLUSION

Based on the results of the present study, it 15 concluded that
there 1s a large difference between the on-station and the on-
farm management systems for all chicken performance traits
studied. Also, a bird's performance depends on the interaction
between the breed and the management system. The Kuroiler
seemly to cope comparatively better than Sasso under sub-
optimal management conditions while the Sasso excelled under
improved management. Thus, the introduction of improved
chicken genotypes to farmers should go hand i hand with the
provision of knowledge on the overall management of the birds
for improved productivity. However, cost-benefit studies are
recommended for these introduced breeds to understand their
economic viability under the on-station and on-farm
management conditions.
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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
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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 2™ week and chick mash containing

3049 Kcal ME/kg and 20.3% CP from the 3™ up to end of the 6" 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 7" week to the end of the 19"
week of age. Thereafter, the birds were provided with layer rations containing 18.5% CP

and 2965 Kcal ME/kg from the 20" week up to 52™ week.

Measurement of the external egg quality traits

Samples of eggs were collected at four weeks intervals beginning at 28" to 52™ 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 — 1.7W*¥), 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):

Yijum= p + M; + B + (MB)ix + FP(MB)jjia + Eijiam

Where:

Y = observation (Egg quality traits) from the k™ farmer/pen within the j* breed and i"
management system;

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

M, = Effect of the i" management system (i= on-station, on-farm);

B; = Effect of the j* breed (j= Kuroiler, Sasso);

(MB);jx = Effect associated with the interaction between management system and breed,;
FP (MB);u = Random effect of the k™ farmer/pen within the j® breed and i" management
system;

Eium = 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);y)

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 (t+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+0.37  59.73:0.24° <0001  57.13£0.33'  55.80:0.29° 0.0365

Egglength (mm)  55.94+0.19"  57.05:0.12° <0001  56.89+0.17°  56.10£0.15" 0.0060

Egg-width (mm) ~ 41.28+0.11°  43.00£0.07  <.0001  42.28+0.09  41.99+0.08  0.1069

Egg Shape ind <.0001 0.1062

((ff ape INCEX 739240270 75.48:0.18° 74.73£024 7497022

(o)

Shell weight ()~ 6.08£0.06°  6.94:0.04* <0001  658+0.05  6.44+0.05  0.1131

Shell ratio (%) 11.47£0.10  11.6740.06 01499  11.56£0.09  11.59:0.08  0.9683

hell  thick . 9921

(Sm;) thickness ) 5320000 0.56x0.000 0% 0552000 054000 O

> 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 (59.7310.24 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 Kiiciiky1lmaz et al (2012) also observed variation in egg weight for different

rearing systems. In contrast to the present findings, Patel et al (2018) and Sokolowicz 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). Sokotowicz 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. Kiihn 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

— 59.9¢g 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 (tse) 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) 17.1240.14°>  19.47+0.09° <.0001  18.61+0.13* 17.98+0.11° 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+0.29°  33.1240.19° <.0001  31.87+0.25  31.1440.23  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+0.05 7.58+0.03° <.0001  7.29+0.45* 7.09+0.41° 0.0080
Haugh unit 84.12+0.27°  86.98+0.17° <.0001  85.98+0.24° 85.12+0.21°  0.0243

> 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
(7.094£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; Kucukyilmaz 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 Kucukyillmaz 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+0.61¢ 53.05£0.50¢ 60.74+0.38" 58.55+0.38° 0.0458

Shell ratio (%) 11.60+0.15® 11.32+0.12° 11.49+0.09° 11.89+0.09° 0.0046

“¢ 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 Egg Egg Shape Shell Shell Shell
weight  length width index weight ratio thickness
Sasso Egg weight 1 0.68™ 0.80™" -0.127 0.40™ 0.29™  0.15"
Kuroiler 1 0.59™ 0.66™ -0.01™ 0.50™" 0.18™ 0.15
Sasso Egg length 1 0.33™ -0.76™  0.32™ -0.14 0.07™
Kuroiler 1 0.33™ -0.66™"  0.22™ -0.18™  0.06™
Sasso Egg width 1 0.33™ 0.26™ -0.29™  0.117
Kuroiler 1 0.47" 0.33™ -0.11*  0.33™
Sasso Shape index 1 -0.13" -0.06™  0.00™
Kuroiler 1 0.05" 0.08"™ 0.09™
Sasso Shell weight 1 0.74™ 027
Kuroiler 1 0.61™  0.15
Sasso Shell ratio 1 0.17"
Kuroiler 1 0.06™
Sasso Shell 1
Kuroiler  thickness 1

(P < 0.0001); ~ (P < 0.001); ‘(P < 0.05); "(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 Yolk Albumen Albumen Albumen Haugh
weight ratio weight Ratio height unit
Sasso Egg weight 0.39" -0.42" 0.83"™ 0.23" 0.39"™ 0.02™
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™ 0.02™
Kuroiler 0.32" -0.15™ 0.44™ 0.00"™ 0.33" 0.13"
Sasso Egg width 0.35™ -0.29™ 0.70™ 0.25™ 0.36™ 0.07™
Kuroiler 0.42" -0.11° 0.56™ 0.13" 0.41™ 0.21™
Sasso Shape index  -0.02"™ 0.07™ -0.08™ 0.00™ -0.02™ 0.03™
Kuroiler 0.02™ 0.05™ 0.04™ 0.11" 0.02™ 0.04™
Sasso Shell weight  0.20™ -0.12° 0.27" -0.00™ 0.19™ 0.04™
Kuroiler 0.28™ -0.13" 0.43™ 0.12" 0.28™ 0.12"
Sasso Shell ratio -0.07™ 0.17" -0.30™" -0.17" -0.07™ 0.04™
Kuroiler -0.10™ 0.05™ -0.15™ -0.04"™ -0.09"™ -0.03"™
Sasso Shell 0.16™ 0.03™ 0.06™ -0.06™ 0.16™ 0.11™
Kuroiler thickness 0.06™ -0.07™ 0.12" 0.02™ 0.07™ 0.02™

(P < 0.0001); “(P < 0.001); " (P < 0.05); (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 Yolk Albumen Albumen Albumen  Haugh
weight ratio weight Ratio height unit

Sasso Yolk weight 1 0.65™ 0.02™ -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 1 0.72" 0.03™ -0.29™
Kuroiler weight 1 0.69™ 0.21™ -0.09™
Sasso Albumen ratio 1 -0.42" -0.53™
Kuroiler 1 -0.34™ -0.48™
Sasso Albumen 1 0.91™
Kuroiler height 1 0.93™
Sasso Haugh unit 1
Kuroiler 1

(P < 0.0001); " P < 0.001); "P < 0.05); " 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 °C, 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 to
the end of the 16™ 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 °C 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

Yi=p+Bi+Ej

Where:

Y;; = observation (Bodyweight at slaughter, carcass weight, and carcass parts yield) from
the i™ breed.

i = General mean common to all observations in the study;
B: = Effect of the i" breed (i= Kuroiler, Sasso);

Ei= 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 16" week of age.

Variable Breed SEM P-value
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Kuroiler Sasso
BW at slaughter (g) 2000.80° 2340.80° 57.52 0.0001
Carcass weight (g) 1346.60° 1622.50* 39.90 <.0001
Dressing % 67.56° 69.20° 0.51 0.0299
Breast weight (g) 335.10° 419.00° 12.42 <.0001
Thigh weight (g) 247.70° 271.90° 7.34 0.0252
Drumstick weight (g) 221.40° 252.50° 6.96 0.0031
Back weight (g) 257.20° 335.40* 9.25 <.0001
Wing weight (g) 188.00, 212.30* 5.09 0.0017
Neck weight (g) 87.60° 115.70° 3.35 <.0001

*» 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 Lichovnikova 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 16™ week of age (carcass parts expressed as a
percentage of the BWS).

Variable Breed SEM P-value
Kuroiler Sasso
Breast weight 16.77° 17.86° 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 12.92° 14.28° 0.22 0.0001
Wing weight 9.48 9.06 0.16 0.0788
Neck weight 4.38° 493" 0.08 <.0001

*» 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 Carcass Breast Thigh  Drumstick Back Wing Neck
weight
Sasso Slaughter 1 0.99™ 0.98™ 0.88™ 0.92™ 0.90™ 0.85" 0.73"
weight

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" 0.877" 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 0.36™
Kuroiler 1 0.68"
Sasso Neck 1
Kuroiler 1

(P <0.0001); “P < 0.001); “P < 0.05); ™ 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



68

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 - 31°C) than the highland areas (11 - 23°C). It has
been suggested that the optimum ambient temperature range for poultry is 12-26 °C. 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 16™ 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:



ii.

il.
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Suitable package of management practices for improved poultry farming
addressing important issues like feeding and health management of the birds are
suggested.

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.

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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