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PREFACE 
 
Thailand is one of the world’s leading countries in poultry egg and meat production. 
Poultry meat is produced mainly from broilers (86.4%), indigenous chickens (13.0%) and 
hybrid indigenous (0.6%) birds. Poultry meat is produced in the eastern, central, northern 
and northeastern province with 40%, 35%, 12% and 13%, respectively. The Saraburi and 
Nakhon Ratchasima Provinces are the main production areas in northeastern Thailand. The 
consumption of poultry eggs in the country has increased from 100 eggs/capita/year in 
1990 to 160-185 eggs/capita/year (9.9 kg/capita/year) in the last few years. The 
consumption rate of poultry meat  is 13.5 kg/caput/year (FAO 2002). 
  
However, the growth of the poultry production business in Thailand is with large-scale 
producers and their contract farmers. Some farmers cannot survive financially due to the 
high cost production inputs, like feed, medicine and  the marketing control by companies. 
Small-scale farmers engaged in poultry enterprises have to invest for housing and 
husbandry devices. Farmers earning their income from individual broilers by weight 
depend on the agreement with the company. This might be a high risk potential for them. 
 
In rural areas, indigenous poultry plays a major role as a protein source in human 
consumption. Almost all households (80% in rural) raise indigenous chickens. The purpose 
is mainly for home consumption but also for sale and pets animal competition. It is 
estimated that there are 90-120 million indigenous chickens produced yearly, over 45% of 
total indigenous chickens raised in the country is from the northeast region. Currently, 
most farmers are raising poultry semi-intensively. Poultry flock characteristics consist of 
mixed species, ages and mixed flocks. They are allowed to scavenge in the day-time and 
are confined at night or freely occupy around or under the house or are provided with 
simple housing. Farmers supplement them with local available feed (i.e. rice, rice by-
products, fruit, kitchen leftovers, vegetables, grasses, weed-seeds and some protein 
sources, e.g. insects, termites, earthworms, aquatic snails, crabs and small fish, etc).  
Indigenous chickens adapt well to the rural environment and poor-resource based farmers. 
It is considered that indigenous chickens have a high potential for being raised in rural 
areas with small-scale farmers, landless people, and ethnic groups who live in the 
mountainous areas, especially in the area where intensive annual cropping with large land 
areas and lots of crop by-products are available, e.g. grain and bran.  
 
The demand for indigenous chickens is currently high but supply is limited because the 
current raising system is problematic.  
 
This study aimed at identifying suitable feeding regimes for native chickens that  reduce 
dependence on commercial feeds and make better use of on-farm feed resources. For this, 
the growth performance of different breeds of chickens was studied under different feeding 
regimes and with an emphasis on typical on-farm feed resources. Also, the effect of the 
feeding regimes on carcass quality was investigated. 
 
Mr. Haitook started his study with chickens in May 2002 and finished with his thesis in 
July 2006.  
 
Prof. Dr. Ezzat S. Tawfik, Dr. Michael A. Zöbisch 
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1 INTRODUCTION 

 

1.1 General background 
 
Over the last three decades, poultry production technology in Asia has been 
increasingly improved. Egg production, for example, has increased six times and 
now has a share of over nearly 60 percent of the total world production. Over the 
same period, chicken meat supply has increased 13 times. Recently, Brazil has 
been the world’s largest chicken meat producer (6.22 million tons in 2001) and 
exporter (FAO, 2002a). 
 
Thailand is one of the world’s leading poultry meat and egg producing countries. 
In 2001, 1.26 million tons of poultry meat was produced, making it the fifth 
largest export country (DLD, 2000), with 249,755 tons exported (FAO, 2002). 
With 22.7 million eggs per day (Choprakarn et al., 2000), Thailand ranks number 
16 of the world’s largest egg producers. Poultry meat was produced mainly from 
broilers (86.4%), indigenous chicken (13.0%) and hybrid indigenous chicken 
(0.6%) (Choprakarn et al., 2000).  In Thailand, poultry production is 
concentrated in the Eastern Region (40%), Central Region (35%), Northern 
Region (12%) and Northeastern Region (13%). In the Northeastern Region, 
Saraburi and Nakhon Ratchasima Provinces are the main production areas.  
 
In spite of country’s success in poultry export, the consumption of poultry 
products is still low. Egg consumption in Thailand has increased gradually from 
100 eggs per caput in 1990 (FAO, 2002a) to 150 eggs per caput per year in 2001 
and has been declining to remain only 100 eggs per caput per year in 2004 
(predicting) due to the effected from bird flu disease outbreak (Animal feed 
Business, 2005). However, the annual consumption in 2005 was 135-140 eggs 
per person. It is estimated that consumption rate in 2006 will increase up to 145 
eggs per year (Asian Poultry Magazine, 2006). Poultry meat consumption rate 
had increased very slow during 1990-2003, from 9.9 kg (FAO 2002a) to 13.7 kg 
per caput per year, respectively. In 2004, the consumption dropped down to 
remain only 7.5 kg per caput per year and increased to 10 kg per caput per year 
in 2005 (Animal Feed Business, 2006).   
 
Large shares of the production of poultry in Thailand were produced by large 
multinational companies, which dominate the industry. Approximately 10 to 12 
companies control about 80% of the broiler production. The dominance of these 
companies led to a decline of independent growers, mainly due to the lower per-
unit return that large commercial growers can tolerate. Many independent 
growers entered into price-guaranteed contracts between chicken growers, 
hatcheries and feed companies. Parent and grandparent stock have to be imported 
decreasing the production cost of day-old chicks. Feed represents about 70 to 
75% of the total production costs, especially because some supplements used in 
the industry need to be imported. The presence of Newcastle disease has been a 
problem for the exporters because most importers require the product to be free 
from of this disease (FAO, 2002b). Another increasingly important issue 
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affecting the poultry industry is animal welfare. Especially European countries 
require high animal welfare standards for the production associated with 
maintenance of good health (EU Commission, 2000). 
 
Small-scale farmers usually keep small flocks of native breeds, generally fewer 
than 100 birds, in a ‘backyard’ system (FAO, 2002b). Choprakarn et al. (2000) 
estimated that 90-120 million indigenous chicken were produced annually, with a 
value of approximately 5.4 to 7.2 billion Baht (48 Baht= 1 €). Over 45% of the 
indigenous chicken raised in the country are raised in the Northeast Region. 
Kajarern  et al. (1989) reported that almost all rural households (80% in 
Northeastern Thailand) raise indigenous poultry, mainly chicken. The purpose is 
mainly for home consumption but also for sale. Some chickens are also raised as 
pets and fighting cocks (Choprakarn et al., 2000; FAO, 2002b). 

 

1.2 Status and roles of local chickens in Thailand 
 

The small-scale farming areas of Thailand are generally poor. Northeastern 
Thailand is the poorest region of the country with an average GDP per person per 
year of 20,235 Baht (about 420 €). In this region, about 21 percent of the income 
is from agriculture (FAO 2002b). The agricultural production in the region is 
affected by generally low soil fertility, erratic rainfall and no investment into 
soil-fertility improvement and conservation practices. These conditions facilitate 
soil degradation and, hence, the loss of soil, soil fertility and soil productivity. 
Therefore, crop yields are generally low and fluctuating. The main sources of the 
income of the farmers in the region are arable crops, i.e. cassava (44%), rice 
(27%), maize (8%), sugar cane (8%), kenaf (5%) and other crops (8%) (Na 
nagara and Panichkul, 2000).  
 
Native chickens have played an important role in the nutrition and protein supply 
of the people in the region, especially for pregnant women, babies and children 
(Hutanuwat, 1988; Kajarern et al., 1989; Polpak et al., 1992; Thitisak et al., 
1992). Native chicken also play an important role as a food reserve for the 
households, they serve as an important source of protein while other sources of 
natural food are declining, such as wild birds, rats, crabs, fish, bamboo shoots, 
mushrooms, wild vegetables, etc. Native chickens can also generate 
supplementary cash income or be used in exchange with other kinds of goods 
that are necessary for living (Udomsieng, 1985). Also, chickens are widely 
considered as a sign of family wealth among villagers. Chickens are offered for 
important occasions and to visitors. Over 50% of the farm households consume 
chicken only for particular occasion, about 3-4 times a months, or approximately 
600 g of meat per person per month. Native chickens are usually raised in 
extensive systems, often with supplementary feeding of rice by-products of low 
quality. An important part of the feed and vitamin supply is obtained from 
scavenging natural food, i.e. weed seeds, grass, insects (adults and larvae) 
termites, earthworms, small reptiles (lizards), etc. (RDI/KKU, 1989). The major 
feed resource for native poultry kept on small farms is rice, i.e. rice bran, broken 
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rice and paddy. Feeding is generally done by broadcasting on the ground 
(Kajarern et. al, 1989). 
 
The numbers of indigenous chickens kept by the households vary significantly, 
depending on the farmers' flock management and feeding resources.  
According to Hutanuwat (1988), there is a need to increase the number of 
chicken per family to ensure adequate nutrition, especially of the children. A 
possible strategy could be improving of the native breed from a meat type to both 
meat and eggs type of chicken. Raising of native chickens needs a simple 
technique. Women often practice chicken raising, because chickens are small and 
easy to handle and they can be kept near the house. The consumers are mainly 
the men with little interest in the nutritional aspects of poultry keeping. Polpak et 

al., (1992) found that women were more concerned and eager to improve chicken 
keeping than men, despite of their generally poorer education.  
 

1.3 Problem statement 
 
In Thailand, a large proportion of the poor people are small farmers. The 
alleviation of poverty of resource-poor farmers is a multi-facetted task. A better 
integration and improvement of livestock production into the small-farm 
enterprise could contribute significantly to the improvement of the livelihoods of 
small farmers (Davendra and Thomas, 2002). Small-scale livestock development, 
particularly native chicken raising, is normally considered as the most feasible 
option for poor small farmers (Palarak, 1985; RDI/KKU, 1989). But native 
chicken development has been neglected by the government (Ratanawaraha, 
1988). With increasing need to concentrate on economic crops and livestock, 
native chickens are given the least of importance by farmers (Ratanawaraha, 
1988). Therefore, most farmers do not want to invest money in their chickens, 
especially for better feed (Kajarern et al., 1989).  
 
The market demand for indigenous chickens is relatively high but the supply is 
rather limited because the current raising system is problematic. Over the past 
twenty years, several projects tried to improve indigenous chicken production, 
e.g. by promoting farmers to use vaccines to prevent disease outbreaks, 
improving feed quality in order to improve growth and carcass quality, etc. 
(Kajarern et al., 1989). Ratanawaraha (1988) recommended to look at native 
chicken development in the context of home consumption and supplementary 
income, and not to focus on commercial-scale production for small farmers.  
 
Sheldon (2000) recommended that an improving of local chicken production 
should be based on two principles. First, on the selection of genotypes better 
suited to the specific environments of small farms. The choice of genotypes 
could range from local indigenous breeds to crossbreeds of various types, but not 
exotic commercial types. Second, on better exploitation of low-cost feed and feed 
supplementation based on the locally grown crops and their by-products, which 
are not in competition with human nutrition. However, to facilitate these 
developments, there is also need for an enabling socioeconomic and institutional 
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environment destined to assist resource-poor farming communities to coexist 
with purely commercialized livestock enterprises.  
 
Currently, the available hybrid meat-types of chicken in the markets are from 
large-scale companies, which completely control the production and the 
market.High performance hybrid broilers have been well established and adopted 
by producers, with intensive management and the support of the feed industry.  
Thai native chickens and their crossbreeds have also been well adapted in an 
attempt to improve the supply of farm-chicken meat to the market. However, the 
adoption by small-scale farmers remained a constraint. Ratanawaraha (1988) 
pointed out that besides biophysical factors and conditions such as disease 
outbreak, slow growth and low and erratic egg production, the socioeconomic 
factors play an important role in the low productivity of native chicken. 
Important factors may be the lack of extension and basic training on native 
chicken raising.  Because of their relatively poor genetic potential, improving the 
productivity traits of native chicken is necessary. Crossbreeds of Thai native 
chicken with exotic breeds were introduced and tested for their suitability for the 
environments of small farms. Ratanpanya et al. (1989) reported that the 
crossbreeds of Thai native chicken (50%) were not suitable for the village 
condition due to poor diseases resistance, high mortality, poor hatchability –
because of incubation neglect behavior–, high mortality of chicks due to poor 
brooding and chick rearing characteristics and a lack of scavenging behavior. For 
these reasons, crossbreeds face a lot of constraints for the typical small-farm 
environment. However, a definite advantage of crossbreeds is their higher egg-
laying performance and their faster growth.  
 

1.4 Objectives of the study 
 

Overall objective 

The aim of the study is –in the general context of the study area– to identify 
feeding regimes for chicken –especially native chicken- that are suitable for 
small-scale farms, and which reduce the dependence on commercial feeds thus 
making better use of on-farm feed resources. 

 

Specific objectives 

To describe and analyze chicken production in the study area with a focus on 
chicken meat. 

To investigate the growth performance of different breeds of chickens – 
including native types-  under different feeding regimes and with an emphasis 
on typical on-farm feed resources.  

To assess the carcass qualities of the different types of chicken and feeding 
regimes. 
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1.5 Rationale of the study 
 
The study originates in the concept of improving the livelihoods of small farmers 
through better integration of livestock –in this case chicken– into the current 
farming system. Profitable niche opportunities could be developed for small 
farmers based on indigenous types of chicken, which are assumed to be better 
suited to the tropical climate and to the conditions on smallholder farms than 
high-performance hybrids. Also, the use of on-farm feed resources, which are 
often not utilized efficiently, could be improved. The chickens would be raised 
under largely natural conditions and in an animal-friendly way. Such a system 
would make best use of already available resources, with an absolute minimum 
of external input and with no negative environmental impacts that are often the 
effect of large-scale high-tech chicken-production systems. 
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2 REVIEW OF THE LITERATURE  

 

2.1 General background 
 
The demand for meat in the developing world has been increasing annually due 
to growing populations, rising incomes and urbanization. Delego et al. (2001), 
cited by de Haan (2003), estimated that this demand would grow from 111 
million tons in 1997 to 213 million tons in 2020. The major share of this need 
will come from intensive – largely industrial – pig and poultry production units 
located in the developing world. Such developments will be further accelerated 
by international trends and the changing roles of the public and private sectors. In 
this context, there is an increasing international focus on poverty reduction, food 
security, food safety and the environment, with animal welfare as an emerging 
concern. Livestock development – as a component of rural development – is 
linked closely with poverty reduction strategies. This creates development 
opportunities but also generates potential threats for the environment and human 
health. For most of the world’s livestock production systems, technologies for 
sustainable livestock production are available. However, the conglomerate 
livestock industry, which targets urban markets in particular, might crowd out 
small livestock holders. This would have a highly negative impact on the 600 
million-plus rural poor who keep livestock as one of the few alternatives to 
escaping from the poverty trap. This ‘crowding out’ already occurs in many 
middle-income countries, with a strong concentration of production and 
processing activities (de Haan, 2003). 
 
Over the past decade, livestock production in the developing world has been 
growing rapidly. Poultry production is growing faster (+12.1%) than other 
livestock enterprises, i.e., ruminant meat (+4.3%), pork (+8.5%), milk (+3.4%) 
and eggs (+9.4%). In developed countries, livestock production has been 
decreasing gradually for all livestock products (-1.2 – 2.0%), with the exception 
of poultry which has been rising (+1.9%) (FAO, 2000a). In Thailand, livestock 
and livestock products have an important share in national agricultural revenue. 
The total value of livestock products increased from US$1.560 billion in 1984 to 
US$1.774 billion in 1988, contributing 18.7% of the value of total products 
(US$9.49 billion) (National Statistics Office, 2002).   
 
Statistics from the Department of Livestock (Table 2.1) illustrate that the 
numbers of some ruminant species, e.g. buffaloes and sheep, have decreased 
significantly between 1993 and 2005; buffaloes by 66 % and sheep by 54 %. The 
deceasing number of buffalos was related to the introduction of farm machinery 
for rice cultivation; the declining of number of sheep was related to changes in 
the consumer market. The number of cattle (beef and diary cattle) decreased from 
7.47 million heads in 1993 to 4.91 million heads in 1999, i.e. by 34.2%. 
However, it has been increasing since then to 8.8 million heads by the year 2005, 
i.e. approximately by 40.5%. The increase of cattle was related to the promotion 
of beef cattle raising within the village revolving fund development in about 70, 
000 villages all over the country. The number of pigs rose from 6.99 to 8.70 
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million heads between 1993 and 2005. With between 21 million and 22 million 
birds, the number of ducks has been relatively stable since 2000. There was a 
significant drop in 2004 due to the outbreak of avian flue. But numbers are 
recovering since then. The numbers of chickens has been increasing between 
1993 and 2003 from 138.8 million birds to 252.7 million birds (82 %). This is 
due to the rapid development of the chicken-production industry in the country. 
However, the effect from the avian flu outbreak in 2004 caused a drop in the 
number of chickens in the country to about 179 million birds due to the bird 
destruction programme in the affected areas. However –due to successful disease 
control measures, in 2005, the number of chickens has increased to the level of 
2003. 
 
Table 2.2 illustrates that in 2005, a largest proportion of chickens (53 %) are 
raise in the Central Region of the country. The Northeast Region is also a major 
area of chicken production (24.6%). Smaller numbers of chickens are produced 
in southern Thailand (6 %) and northern Thailand (17%). Table 2.3 shows the 
proportion of the different types of poultry produced in the country between 2000 
and 2005. Broilers are the largest group (58%) among the different types of 
chickens produced in the country. Native chicken, ducks and layer hens represent 
25%, 8% and 16%, respectively. The largest number of chickens is produced in 
intensive systems by large producers or by contract farmers. About a third of the 
chickens are the native types. These are kept by most farmers as 'backyard' 
chickens, and their productivity is low. The avian flue outbreak in 2004 has been 
a major backdrop to the entire chicken industry. Nevertheless, chicken still are 
the major source of meat in the country. 
 
 
 
 
 
 
 
 



 

 
8
 

T
a

b
le

 2
.1

 
N

u
m

b
er

s 
o
f 

li
v
es

to
ck

 (
h
ea

d
s)

 i
n

 T
h

ai
la

n
d

 -
1

9
9

3
 t

o
 2

0
0

5
 

 

Y
ea

r 
H

o
rs

e 

(h
ea

d
s)

 

C
a
tt

le
 

(h
ea

d
s)

 

B
u

ff
a
lo

 

(h
ea

d
s)

 

P
ig

 

(h
ea

d
s)

 

G
o
a
t 

(h
ea

d
s)

 

S
h

ee
p

 

(h
ea

d
s)

 

D
u

ck
 

(b
ir

d
s)

 

C
h

ic
k

en
 

(b
ir

d
s)

 

1
9

9
3

 

1
9

9
4

 

1
9

9
5

 

1
9

9
6

 

1
9

9
7

 

1
9

9
8

 

1
9

9
9

 

2
0

0
0

 

2
0

0
1

 

2
0

0
2

 

2
0

0
3

 

2
0

0
4

 

2
0

0
5

 

1
8
,0

4
7
 

1
4
,0

3
2
 

1
6
,8

7
5
 

1
2
,0

0
3
 

1
4
,6

7
2
 

1
1
,3

2
2
 

7
,3

5
0
 

8
,5

9
6
 

8
,0

3
9
 

8
,1

0
3
 

7
,1

3
7
 

3
,1

4
8
 

5
,5

7
5
 

7
,4

7
2
,5

7
3

 

7
,6

3
7
,3

5
0

 

7
,6

0
9
,0

6
8

 

6
,2

2
5
,2

2
1

 

5
,5

9
4
,8

0
8

 

4
,8

6
3
,3

7
3

 

4
,9

1
8
,3

9
6

 

5
,2

0
8
,5

4
1

 

5
,5

7
1
,2

8
3

 

5
,9

0
8
,6

2
5

 

6
,2

9
6
,5

2
6

 

7
,0

7
6
,6

8
2

 

8
,2

7
5
,1

8
8

 

4
,8

0
4

,1
4

6
 

4
,2

2
4

,7
9

1
 

3
,7

1
0

,0
6

1
 

2
,7

1
1

,7
3

7
 

2
,2

9
3

,9
3

8
 

1
,9

5
1

,0
6

8
 

1
,7

9
9

,6
0

6
 

1
,7

0
2

,2
2

3
 

1
,7

1
0

,0
9

5
 

1
,6

1
7

,3
5

8
 

1
,6

3
2

,7
0

6
 

1
,4

9
4

,2
3

8
 

1
,6

2
4

,9
1

9
 

8
,5

6
9

,1
2

6
 

8
,4

7
9

,4
0

0
 

8
,5

6
1

,9
2

1
 

8
,7

0
7

,8
8

7
 

1
0

,1
3

9
,0

4
0

 

8
,7

7
2

,2
7

5
 

7
,4

2
3

,1
0

1
 

7
,7

6
1

,0
5

6
 

8
,2

0
3

,2
7

0
 

6
,9

8
9

,1
5

2
 

7
,8

1
5

,5
3

4
 

6
,2

8
5

,6
0

3
 

8
,1

7
4

,5
2

4
 

1
5

1
,8

6
0
 

1
4

1
,0

7
6
 

1
3

2
,4

0
0
 

1
1

8
,8

2
9
 

1
2

5
,2

6
2
 

1
3

0
,9

0
4
 

1
3

2
,8

4
5
 

1
4

4
,2

2
7
 

1
8

8
,4

9
7
 

1
7

7
,9

4
4
 

2
1

3
,9

1
7
 

2
5

0
,0

7
6
 

3
3

8
,3

5
5
 

1
1
0
,4

6
5
 

9
0
,5

0
8
 

7
5
,3

2
9
 

4
0
,9

0
0
 

4
1
,9

2
6
 

4
0
,4

0
4
 

3
9
,4

8
5
 

3
7
,3

1
2
 

4
2
,7

2
0
 

3
9
,3

2
6
 

4
2
,8

8
3
 

4
7
,8

1
1
 

5
0
,7

7
9
 

2
1
,7

7
8
,3

9
5
 

2
1
,8

1
1
,8

1
5
 

1
8
,8

9
6
,6

3
5
 

2
1
,4

0
0
,3

7
5
 

2
1
,8

2
9
,8

9
6
 

1
9
,7

4
8
,0

7
7
 

2
2
,3

3
0
,1

2
3
 

2
7
,8

8
4
,0

4
1
 

2
8
,4

4
8
,3

9
9
 

2
5
,0

3
4
,0

1
1
 

2
3
,8

0
0
,0

9
2
 

1
5
,6

4
8
,5

3
8
 

2
1
,5

4
9
,3

4
5
 

1
3
8
,8

3
2
,0

2
7
 

1
2
9
,9

9
7
,0

9
8
 

1
1
1
,6

4
8
,5

1
0
 

1
4
4
,5

7
9
,4

2
8
 

1
6
4
,6

8
5
,8

4
2
 

1
5
5
,3

2
4
,6

4
6
 

1
6
9
,6

3
2
,5

0
7
 

1
8
9
,3

4
1
,1

1
0
 

2
1
4
,9

7
9
,0

8
1
 

2
2
8
,7

6
0
,3

2
6
 

2
5
2
,7

1
8
,8

8
3
 

1
7
9
,7

3
8
,8

1
0
 

2
5
4
,2

0
4
,0

6
8
 

P
er

ce
n

t 
o

f 

d
if

fe
re

n
t 

in
 

1
9

9
3

 a
n

d
 

2
0

0
5

  

- 
6
9
.1

 
+

 1
0

.7
 

- 
6
6
.2

 
- 

4
.6

 
+

 1
2

2
.8

 
- 

5
4
.0

 
- 

1
.1

 
+

 8
3
.1

 

S
o

u
rc

e:
 D

ep
ar

tm
en

t 
o
f 

L
iv

es
to

ck
 D

ev
el

o
p

m
en

t 
(2

0
0

6
) 

  



 

 
9
 

T
a

b
le

 2
.2

 
N

u
m

b
er

s 
o
f 

ch
ic

k
en

s 
b

y
 r

eg
io

n
 i

n
 T

h
ai

la
n

d
 -

1
9

9
3

 t
o

 2
0

0
5

 
 

Y
ea

r 
C

en
tr

a
l 

R
e
g
io

n
 

(b
ir

d
s)

 

N
o

rt
h

ea
st

e
rn

 

R
eg

io
n

 

(b
ir

d
s)

 

N
o

rt
h

er
n

 

R
eg

io
n

 

(b
ir

d
s)

 

S
o
u

th
er

n
 

R
eg

io
n

 

(b
ir

d
s)

 

T
o
ta

l 

(b
ir

d
s)

 

1
9

9
3
 

1
9

9
4
 

1
9

9
5
 

1
9

9
6
 

1
9

9
7
 

1
9

9
8
 

1
9

9
9
 

2
0

0
0
 

2
0

0
1
 

2
0

0
2
 

2
0

0
3
 

2
0

0
4
 

2
0

0
5
 

8
3
,2

4
6
,7

9
1

 

7
2
,1

6
3
,6

1
5

 

6
2
,5

8
7
,2

6
6

 

6
9
,9

6
3
,6

4
5

 

7
9
,9

2
8
,5

5
7

 

7
7
,2

2
4
,6

0
1

 

7
8
,0

6
7
,5

5
5

 

9
8
,9

6
8
,1

4
5

 

1
1
1
,8

1
9
,6

8
5

 

1
2
7
,4

1
1
,4

9
5

 

1
5
3
,2

7
5
,1

7
7

 

8
9
,6

8
4
,6

6
4

 

1
3
5
,5

1
3
,8

2
3

 

2
5

,9
1

6
,4

4
9

 

2
4

,3
4

8
,5

0
3

 

2
4

,4
4

6
,9

1
4

 

3
7

,5
0

6
,7

2
7

 

4
2

,1
0

4
,8

0
2

 

3
8

,1
7

6
,7

5
4

 

4
7

,2
1

0
,9

3
9

 

4
4

,9
5

8
,2

7
8

 

5
4

,1
0

6
,2

5
4

 

5
6

,4
2

9
,6

6
0

 

5
1

,6
8

6
,3

2
4

 

4
9

,5
4

2
,7

7
4

 

6
2

,5
1

6
,4

7
0

 

1
9

,2
9

9
,4

9
3

 

2
1

,6
0

3
,2

7
1

 

1
5

,0
3

9
,2

7
0

 

2
3

,0
2

8
,6

7
7

 

2
4

,4
5

7
,9

9
0

 

2
3

,8
4

1
,4

1
8

 

2
7

,3
2

7
,8

0
3

 

2
7

,9
0

6
,4

8
5

 

3
0

,8
2

9
,9

0
9

 

2
8

,6
7

7
,0

3
0

 

3
2

,7
9

8
,8

1
1

 

2
8

,0
7

0
,9

4
1

 

3
8

,7
2

3
,5

2
0

 

1
0

,3
6
9
,2

9
4
 

1
1

,8
8
1
,7

0
9
 

9
,5

7
5
,0

6
0
 

1
4

,0
8
0
,3

7
9
 

1
8

,1
9
4
,4

9
3
 

1
6

,0
8
1
,8

7
3
 

1
7

,0
2
6
,2

1
0
 

1
7

,5
0
8
,2

0
2
 

1
8

,2
2
3
,2

2
3
 

1
6

,2
4
2
,1

4
1
 

1
4

,9
5
8
,5

7
1
 

1
2

,4
4
0
,4

3
1
 

1
7

,4
5
0
,2

5
0
 

1
3
8
,8

3
2
,0

2
7
 

1
2
9
,9

9
7
,0

9
8
 

1
1
1
,6

4
8
,5

1
0
 

1
4
4
,5

7
9
,4

2
8
 

1
6
4
,6

8
5
,8

4
2
 

1
5
5
,3

2
4
,6

4
6
 

1
6
9
,6

3
2
,5

0
7
 

1
8
9
,3

4
1
,1

1
0
 

2
4
1
,9

7
9
,0

8
1
 

2
2
8
,7

6
0
,3

2
6
 

2
5
2
,7

1
8
,8

8
3
 

1
7
9
,7

3
8
,8

1
0
 

2
5
4
,2

0
4
,0

6
8
 

P
er

ce
n

t 
o

f 

d
if

fe
re

n
t 

in
 1

9
9
3
 

to
 2

0
0

5
  
 

+
 6

2
.8

 
+

1
4

1
.2

 
+

1
0

0
.6

 
+

6
8
.3

 
+

8
3
.1

 

S
o

u
rc

e:
 D

ep
ar

tm
en

t 
o
f 

L
iv

es
to

ck
 D

ev
el

o
p

m
en

t 
(2

0
0

6
) 

 

       



 

 
1
0
 

 T
a

b
le

 2
.3

 
N

u
m

b
er

s,
 c

h
an

g
in

g
 i

n
 p

o
p

u
la

ti
o

n
 o

f 
b

ro
il

er
s,

 n
at

iv
e 

ch
ic

k
en

s,
 a

n
d

 d
u

ck
s 

an
d
 h

en
- 

la
y
er

s 
in

 T
h
ai

la
n
d
 2

0
0
0
 t

o
 2

0
0
5

 

 

Y
ea

r 
B

ro
il

er
 

(b
ir

d
s)

 

N
a

ti
v

e 
ch

ic
k

en
 

(b
ir

d
s)

 

D
u

ck
 

(b
ir

d
s)

 

H
en

-l
a
y

er
 

(b
ir

d
s)

 

2
0

0
0
 

2
0

0
1
 

2
0

0
2
 

2
0

0
3
 

2
0

0
4
 

2
0

0
5
 

1
1
2
,1

5
4

,8
7

7
 

1
2
5
,1

6
0

,6
6

4
 

1
3
2
,3

5
9

,4
9

4
 

1
6
5
,3

1
4

,7
8

6
 

1
0
2
,6

8
0

,3
6

6
 

1
4
7
,6

7
4

,1
5

7
 

7
1

,5
9

8
,6

3
7

 

6
7

,3
0

4
,2

8
6

 

6
2

,1
9

2
,7

4
2

 

6
3

,0
9

1
,5

7
4

 

5
6

,1
9

4
,1

7
1

 

6
5

,3
1

9
,7

5
7

 

2
7

,8
8
4
,0

4
1
 

2
8

,4
4
8
,3

9
9
 

2
5

,0
3
4
,0

1
1
 

2
3

,8
0
0
,0

9
2
 

1
5

,6
4
8
,5

3
8
 

2
1

,5
4
0
,3

4
5
 

4
0
,9

7
2
,7

1
6
 

4
0
,2

4
9
,2

4
3
 

4
0
,6

8
1
,1

5
2
 

2
4
,3

1
2
,5

2
3
 

2
0
,8

6
4
,2

7
3
 

4
1
,2

1
0
,1

5
4
 

P
er

ce
n
t 

o
f 

d
if

fe
re

n
t 

d
u

ri
n

g
 2

0
0

0
-2

0
0
5
 

+
3

1
.7

 
-8

.7
 

-2
2
.8

 
+

0
.6

 

S
o

u
rc

e:
 D

ep
ar

tm
en

t 
o
f 

L
iv

es
to

ck
 D

ev
el

o
p

m
en

t 
(2

0
0

6
) 

 



 

 11

Within the next decade, chicken meat will rank first in meat consumption 

globally for two reasons: (i) There are no religious restrictions and (ii) the 

production cycle is short and production rates are high (Animal Feed Business, 

2005). Poultry production systems in many developing countries can be 

classified either as intensive commercial systems or extensive scavenger systems. 

The commercial unit compares favorably with developed world production 

standards. It is characterized by environmentally controlled housing, automated 

feeding and utilization of strains selected for high production rates. However, in 

the developing world 'backyard' production systems still constitute the major 

supplier of chicken meat. The chickens in these 'backyard' or 'scavenger' systems 

are adapted native or crossbreed types and require minimum feed and housing 

inputs. According to Farrel (1992), 80% of the chickens in rural areas in China 

are local breeds. In southern Africa, native chickens are also associated with low-

input systems and household food security (van Marle-Köster and Nel, 2000).  

 

Thus they are efficient waste disposers, converting food leftovers into valuable 

animal protein. They do not require specialized housing and some roost outside. 

Almost every homestead has some chickens which supply the cheapest sources 

of animal protein in the form of eggs and meat (George, 2003). In Myanmar, 

85% of the poultry are native chickens. Unlike other livestock, a small flock of 

chickens can be raised by any household at the village level (Lwin, 2003). In 

Nepal, poultry are a valuable source of protein and provide cash income as well 

as manure; the explosive growth of the human population and increasing tourism 

have accelerated the demand for poultry meat and eggs (Mishra, 2003). In 

Uganda, rural chickens comprise 80% of the total poultry population 

(approximately 20 million).  

 

2.2 Significance of chicken meat 
 

2.2.1 Global production and consumption of chicken meat  

  

The global production of meat from broiler chickens in 2005 was estimated to be 

57.342 million tons; this is an increase of 3.82% compared to 2004 (55.233 

million tons) (Figure A-1). The world's largest producers are the USA, China, 

Brazil, the EU (25 countries) and Mexico. The production trend in these 

countries has increased significantly. For 2005, it was estimated that they 

produced 15.8, 9.99, 8.62, 7.74 and 2.52 million tons, respectively (Figure A-2). 

The total amount of poultry meat exported in the world market rose from 2000 to 

2003, but decreased in 2004 due to the outbreak of avian influenza in the main 

Asian producer countries, i.e., Thailand and China. However, exports increased 

again in 2005. The global export volume was 6.225 million tons, an increase of 

7.36% from 2004. Brazil, USA, EU, China and Thailand are the largest exporters 

of poultry meat in the world, sharing the market at the proportions of 39.84, 

33.53, 12.45, 4.82 and 4.82%, respectively (Figure A-3). However, the import 

trend of the major importing countries has been on the decline since 2001; the 

highest decrease was observed in 2004 (-11.75% from 2003) in the major 

importing countries, i.e., Russia, Japan and China/Hong Kong (Figure A-4). 
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Global chicken meat consumption in 2005 was estimated to be 54.99 million 

tons, with a rising trend of 3.57% over consumption in 2004 (53.10 million tons). 

The world's leading countries in poultry meat consumption were USA, China, 

EU, Brazil and Mexico at rates of 13.35, 9.99, 7.27, 6.14 and 2.88 million tons 

(Figure A-5). The consumption per capita was highest in the USA, Brazil, 

Canada and Mexico, with per-capita rates of 46.49, 33.34, 30.11 and 27.15 kg, 

respectively. Poultry meat consumption in the EU (25 countries) was practically 

stagnant, with fluctuations of between 14.8 and 15.63 kg per capita between 2000 

and 2005 (Figure A-6) (Animal Feed Business, 2005). 

 

2.2.2 Production and consumption of chicken meat in Thailand 
 

Thailand is one of world’s largest chicken meat producers (ranked 7 in 2003 with 

production of 1.351 million tons). Production has been on the increase since 

production of 1.022 million tons in 2000. In 2003, most of the production was for 

consumption (86%), the remainder being for export (14%). Of the countries that 

export chicken meat, Thailand was ranked 4 in 2003 (545,978 tons, worth 

Bt
1
46,701 million).  

  

In 2004 outbreaks of avian influenza nationwide dealt a serious blow to the 

poultry industry. Production of chicken meat declined by 27% and exports 

plummeted by 63% compared with 2003. Thailand could not export frozen 

chicken meat in 2004 – only cooked chicken meat could be exported to selected 

countries. Approximately 200,000 tons of chicken products could be exported, 

worth Bt22,500 million.  Japan, EU, UK and the Netherlands are the major 

importing countries of processed chicken meat (Figure A-8). At the same time, 

the poultry industry improved its productivity. National consumption increased 

(Figure A-7) gradually from 11.3 kg/capita/year in 2000 to 13.3 kg/capita/year in 

2003; it then dwindled to only 8.1 kg/capita/year in 2004 due to avian influenza 

outbreaks. However, the situation in 2005 seems to be better; it has been forecast 

that consumption of chicken meat will increase to 10.1 kg/capita/year (Figure A-

6). This is rather low compared to the high-consumption countries, but within the 

range of the EU (15.48 kg), China (7.65 kg), Russia (11.07 kg) and Japan (13.03 

kg) (Animal Feed Business, 2005).  

 

2.3 Major types of chickens in Thailand 
 

Chicken raising in Thailand has been promoted since 1903 when King Rama V 

introduced new breeds, such as the Rhode Island Red, White Leghorn and Barred 

Plymouth Rock into the country (Thummabood, 1988). More exotic breeds were 

introduced during 1963 and 1964 by private enterprises, which led to the 

development of the chicken industry in the country (Choprakarn et al., 2000). 

Larger-scale chicken meat production began during 1973 and 1974 

(Thammabood, 1988); 163 tons of meat was the first significant export 

(Choprakarn, 2000). In 1979, the fifth national socioeconomic development 

council started to address the raising of native chickens on a larger scale 
                                                 
1 Bt = Thai baht. Approximately US$1.00 = Bt38.00 (April 2006). 
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nationally. A study conducted in northeast Thailand found that the native chicken 

growth rate was only 9 g/bird/day. In 1983, the Northeast Office of Agriculture 

held a seminar on native chickens in the country (Choprakarn et al., 2000) and in 

1997 the Native Chicken Conservation and Development Association was 

established. Both pure breeds and crossbreeds are being conserved and further 

developed.  

 

2.3.1 Pure breeds 
 

A. Native chickens 

The Thai native chicken is one of the oldest known breeds of domestic fowl. 

There are two main types of native chicken. Shamos chickens of Malayan (sic) 

origin, have been widely used and bred for cock fighting. During the 19
th

 

century, they were exported to the USA for cock fighting. It is a rugged fowl, 

very tall, standing up to 30 inches high; the cock weighs approximately 5 kg, the 

cockerel about 4.1 kg, the hen 3.2 kg and the pullet 2.5 kg (Stromberg, 1996). 

The Batong is a native chicken in the southern parts of Thailand. Its ancestry is 

associated with the Langshan breed and it was introduced to the area by Chinese 

migrants (Chanlula, 1998). 

 

Native chickens predominate in villages. Chantalakhana and Skunmun (2002) 

classified native chickens into two strains: (i) Ooh chickens are a heavy strain 

with a large body. They are more of a meat type, and more important 

economically than other strains. The female is generally black. The male Ooh 

chicken is large and makes a good fighting cock. Their feathers are orange-red 

mixed with green, black, white or grey feathers. Their mature weight (3 years) 

averages 2-3 kg for the female and 3-5 kg for the male. About 93% of village 

chickens are reported to be of the Ooh strain; (ii) The Chae chicken is smaller 

and lighter in weight. These chickens are raised mainly as pets and are 

insignificant economically. Both sexes have similar characteristics. The features 

and coloring resemble the male Ooh chicken; there is also a pure white strain. 

The mature weight is about 1-2 kg. About 9% of village chickens belong to the 

Chae strain. Typically, native chickens are the ‘meat’ type. The Ooh strain is 

well adapted to the rural environment, and can survive on poor quality food (e.g. 

rice byproducts) while still maintaining a satisfactory growth of 7-8 g/bird/day 

(Phalarak, 1985; Thammabood and Choprakarn, 1982). 

 

B. The Rhode Island Red  

The Rhode Island Red is a dual purpose breed (meat and egg type). It is 

characterized by its red-brown feathers, yellow skin, single comb and rose comb 

and brown egg shell. Egg laying starts at the age of 5.5-6 months. Mature males 

and females weigh 3.1-4.0 kg and 2.2-4.0 kg, respectively (Laohakaset, 2001; 

Chinrasri, 2004). Laying reaches up to 280-300 eggs per year. Rhode Island Red 

development began in 1854 with a crossbreeding of Malay or Chittagong cocks 

with ordinary farm hens. They were also crossed with dark Brahmas. They were 

considered to have better meat and to be better layers. Since then, the breed has 

been constantly improving (Stromberg, 1996).  
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C. The Barred Plymouth Rock 

The Barred Plymouth Rock is a dual breed (meat and egg type) characterized by 

black and white band feathers, a single comb and yellow skin. They start laying 

eggs at the age of 5.5-6.0 months. They lay brown eggs, and are distinguished by 

their excellent meat. In Thailand, the Barred Plymouth Rock is a basic breed for 

hybrid production (Laohakaset, 2001; Chinrasri, 2004). 

 

D. The Shanghai 

Shanghai chickens were introduced into Thailand from China in 1981. 

Morphologically, they are similar to the Rhode Island Red, but they are slightly 

bigger. A typical weight is 4 kg for the male and 3.1 kg for the female. Egg 

laying starts at the age of about 190 days; they produce around 180 eggs/year 

(DLD, 2003). Prachyalak et al. (1994) reported that Shanghai chickens had 

relatively good growth; the chickens reached a body weight of 1.5 kg at the age 

of 10 weeks. When crossed with Thai native chickens, the crossbreed grew faster 

than the Thai native chicken.  

 

2.3.2 Crossbreeds  
A. Commercial hybrids 

In Thailand, commercial hybrids are usually bred for meat production. Meat 

chickens – broilers – are bred for rapid growth; they will typically reach an 

average weight of 2 kg at the age of 8 weeks. Broiler strains are based on crosses 

between the Cornish White, the New Hampshire and the White Plymouth Rock. 

Broiler chickens consume only 2 kg of commercial feed for each kilogram of live 

weight (Smith, 1990). In Thailand, parent stock is normally imported. More 

recently, greater emphasis has been placed on feed efficiency and composition of 

the growing birds. For breeding companies, the reproductive performance of the 

breeders is also very important (Pym, 1997) because an acceptable laying 

capacity is needed to guarantee enough day-old chicks for the market. Important 

commercial hybrid chickens (meat type) in Thailand are Arber Acor, Hubbard, 

Hybro, Ross I, Anak, Avian and Cobb (Chinrasri, 2004). 

 

B. Crossbreeding of exotic breeds with Thai native chickens 

Crossbreeding improves the genetic structure of the local breed, increases genetic 

variation in the population and encourages hybrid vigor. One way to increase the 

productivity of local stock is the crossbreeding of native poultry with exotic birds 

because native birds tend to have low productivity. Intense selection is applied in 

the male strains for meat quality, food conversion and food efficiency. Such 

selection is less intense in this context for females. The use of crossbred females 

ensures hybrid vigor, maximum egg production, viability and hatchability 

(Smith, 1990). Growth is controlled by genetic disposition (about 78%) and the 

environment (about 22%) – for example, climate, food, water and quality of 

animal husbandry (Thammabood et al., 1983 cited by Boonlua, 1989). 
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Native crossbreeding is usually conducted with exotic breeds noted for their egg-

laying capacity, such as the Rhode Island Red and the Barred Plymouth Rock. 

The crossbred chickens: 

• are similar in general physical appearance to the native chickens (i.e., with 

black feathers)  

• are compatible with market prices 

• are easier to raise than pure exotic breeds  

• are able to utilize local feed resources  

• grow more rapidly than native chickens 

• have higher egg yields.  

 

Normally, crossbreeding is done with at least two different breeds. The 

Department of Livestock Development (DLD) introduced crossbred chickens in 

1979. Initially, the basic breeds used were the Rhode Island Red and the Barred 

Plymouth Rock. The policy was to distribute these crossbreeds to small farmers 

(Punyavee and Morathop, 1996). Currently, there are two- to five-line 

crossbreeds on the market.  

 

Two-line crossbreeds: The 2-line crossbreeds are crossings between Thai native 

chickens and inter alia exotic breeds like the Rhode Island Red, the Barred 

Plymouth Rock and the White Leghorn. The main purpose is to improve the 

general performance of Thai native chickens apropos egg production and meat 

quality, to improve the acceptance of local feed and to improve resistance to 

diseases and parasites. The blood level of the crossbreeds is 50:50 from each 

breed. Crossbreeding is also practiced among exotic breeds in order to produce 

better parent stock (Figure 2.1). 

 

Three-line crossbreeds: 3-line crossbreeds are popular among farmers. 

Commonly, these native crossbreeds contain native chickens (50%), Rhode 

Island Red (25%) and Barred Plymouth Rock (25%) (Figure 2.2). Crossings 

among two lines of crossbreeds (female) as the parent stock are then crossbred 

with cocks of native chickens (male). Presently, 3-line crossbreeds are produced 

in Thailand by: (i) The DLD, (ii) Suwan-6 (Kasetsart University), (iii) Kaset 

Farm (a private breeder), (iv) Chai-ari Farm (a private breeder) and (v) Tanaosri 

(a private breeder). The private breeders have developed their own parent stocks 

for mass production in their own hatcheries. 
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Figure 2.1 Common crossbreeding of 2-line native crossbreeds: (a) native 

chickens and Barred Plymouth Rock, (b) native chickens and Rhode Island Red; 

(c) native chickens and Shanghai 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 2.2 Common crossbreeding programs to produce 3-line native crossbreeds 

 

Rhode Island Red Barred Plymouth Rock 

Native chicken (50%) x Rhode Island Red (25%) x 

Barred Plymouth Rock (25%) 

Native chicken (M) Rhode (50%) x Barred (50%) (FM) 

x 

x 

Rhode Island Red Shanghai 

Native chicken (50%) x Rhode Island Red (25%) x 

Shanghai (25%) 

Native chicken (M) Rhode (50%) x Shanghai (50%) (FM) 

x 

x 

Native Chicken (50%) x Barred Plymouth Rock (50%) 

Barred Plymouth Rock (FM) x Native chicken (M) (a) 

Rhode Island Red (FM) 

Native chicken (50%) x Rhode Island Red (50%) 

x Native chicken (M) (b) 

Shanghai (FM) 

Native chicken (50%) x Shanghai (50%) 

x Native chicken (M) (c) 
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Four-line crossbreeds: Private breeders have produced 4-line crossbreeds by 

introducing Shanghai blood lines into the 3-line crossbreeds. Two types of 4-line 

crossbreeds are common in Thailand. For Type 1, the parent stock has 3 blood 

lines which commonly consist of Rhode Island Red (25%), Barred Plymouth 

Rock (25%) and Shanghai (50%) (Figure 2.3). For Type 2, the parent stock 

consists of Rhode Island Red (12.5%), Barred Plymouth Rock (12.5%) and 

Shanghai (75%) (Figure 2.4). The hens of each type are then crossed with Thai 

native cocks.  

 

The final 4-line crossbreeds of Type 1 consist of Rhode Island Red (12.5%), 

Barred Plymouth Rock (12.5%), Shanghai (25%) and Thai native chickens 

(50%). Type 2 comprises Rhode Island Red (6.25%), Barred Plymouth Rock 

(6.25%), Shanghai (37.5%) and Thai native chickens (50%). However, for Type 

1 the size of the chickens is not uniform. Type 2 crossbreeds grow faster and 

have better feed utilization than Type 1. Type 1 crossbreeds reach marketable 

size of 1.1 kg/bird at 90 days, while Type 2 reaches the same size within 70 to 80 

days. The morphology of both types is similar. However, Type 2 hens lay fewer 

eggs than Type 1 hens; this has been a constraint to chick production 

(Promchaiwattana, 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.3 Type 1 crossbreeding for 4-line native crossbreeds 

 

Rhode Island Red Barred Plymouth Rock 

Shanghai x Rhode-Barred (FM) Native chicken (M) 

Rhode-Barred (FM) x Shanghai (M) 

Native chicken (50%) x Shanghai (25%) x 

Rhode Island Red (12.5%) x Barred Plymouth Rock (12.5%) 

x 

x 
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Five-line crossbreeds: For 5-line crossbreeds (Figure 2. 5), the parent stock 

consists of Rhode Island Red (12.5%), Barred Plymouth Rock (12.5%), Shanghai 

(25%) and hybrids (meat-type chickens, 50%). The parent stock is crossed with 

Thai native cocks. The final crossbreed composition is thus Rhode Island Red 

(6.25%), Barred Plymouth Rock (6.25%), Shanghai (12.5%), hybrid (meat type, 

25%) and Thai native chickens (50%). The purpose of 5-line crossbreeding is to 

upgrade the meat of the hybrid chickens with the meat quality (flavor, firmness, 

low fat) found in native chickens. Five-line crossbreeds can reach marketable 

size in 60 to 90 days, depending on the desired final weight. The hen (4-line 

crossbred chicken) can lay 240 eggs/year. Five-line crossbreeds have higher food 

conversion efficiency than pure breeds, and can generally grow well with lower 

quality feed than broilers. Five-line crossbreeds lay 100 to 130 eggs/year 

(Thammabood, 2000). 
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Figure 2.4 Type 2 crossbreeding for 4-line crossbreeds 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.5 Crossbreeding for 5-line native crossbreeds  

 

2.4 Nutrient requirements 

 

The nutrient requirement is the minimum amount of nutrients needed by animals 

to: (1) maintain their activities (Chinrasri, 2004); (2) maximize growth, feed 

utilization efficiency, laying capacity and hatchability (Laohakaset, 1997); and 

(3) optimize fat accumulation (Chinrasri, 2004). Advances in feeding techniques 

are key factors for successful poultry production. Modern feeding techniques 

have developed from the extensive feeding systems practiced on small farms, 

Rhode Island Red Barred Plymouth Rock 

Shanghai (50%) x Rhode (25%) x Barred (25%) 

Native 

chicken (M)

Rhode-Barred (FM) 

x 

Shanghai 

Shanghai 75% x Rhode 12.5% x Barred (12.5%) (FM) 

Shanghai 

Native chicken (50%) x Shanghai (37.5%) x  

Rhode Island Red (6.25%) x Barred Plymouth Rock (6.25%) 

x 

x 

x 

Rhode Island Red Barred Plymouth Rock 

Shanghai  x (Rhode) x Barred (FM) 

Native chicken 

(M) 

Rhode-Barred (FM) 

x 

Shanghai (M) 

Hybrid x Shanghai x Rhode x Barred (FM) 

Native Thai chicken (50%) x Hybrid (25%) x Shanghai (12.5%) x  

Rhode Island Red (6.25%) x Barred Plymouth Rock (6.25%) 

x 

x 

x 

Commercial hybrid 

(broiler) (M)
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which are based on local feed resources and scavenging. Commercial poultry 

production focuses on maximum production, economic return, etc. Feed cost is 

the major production cost in poultry production; it accounts for 60-70% of the 

total production cost (Kajarern, 1990; Laohakaset, 1997; Chinrasri, 2004)  

 

2.4.1 Protein and energy requirements 
 

Energy in poultry feed is normally expressed in units of metabolizable energy 

(ME) per unit weight e.g. kJ/g and the requirements of poultry are expressed in 

terms of ME per day (kJ/d) (Smith, 1990). Energy in the diet largely comprises 

carbohydrates, but some comes from fat and amino acids. Poultry usually 

consume just enough food to meet their energy requirements, which are also 

dependent on the daily ambient temperature (Laohakaset, 1997). The control of 

feed intake is based primarily on the amount of energy in the diet. Thus, 

increasing the dietary energy concentration leads to a decrease in feed intake and 

vice versa. This is valid as long as the diet is adequate apropos all of the other 

essential nutrients, and that bulkiness, texture, accessibility and palatability do 

not limit intake (Smith, 1990).  

 

The protein requirement of a bird is defined as the requirement for a supply of 

the essential amino acids together with a sufficient supply of suitable nitrogenous 

compounds from which non-essential amino acids can be synthesized. Protein 

requirement should not be specified as a single figure because the amount of 

protein which must be supplied depends upon the yield of amino acids obtained 

by the bird when that protein is digested. Amino acid profiles that meet the needs 

of one bird will not necessarily meet the needs of another. Thus it is clear that the 

quality of protein can only be usefully described in terms of the amino acids that 

it supplies to the bird. However, it is still useful to specify the total requirements 

for crude protein in addition to specifying the requirements for each essential 

amino acid as this ensures that the diet supplies sufficient precursors for the non-

essential amino acids (Smith, 1990). 

 

2.4.2 Vitamin and mineral requirements 
 

Vitamins are often involved in enzyme systems. They are required by the bird in 

small quantities. The actual amount required depends on the diet, the rate of 

growth or egg production, the size of the bird and possibly the climate. An 

imbalance of vitamins can lead to serious disorders. All vitamins are available 

commercially in a synthetic form and so their provision to poultry is a simple 

operation in developed countries. However these synthetic vitamins may not be 

available in tropical countries. Mineral requirements are defined in terms of 

mineral elements; they are almost always added to diets in compound form. 

Calcium (Ca) and phosphorus (P) are the key elements in production and 

maintenance of the skeleton. The skeleton accounts for about 99% of the Ca and 

80% of the P in the body. The two minerals interact with each other both before 

and after their absorption from the digestive tract. Poultry requirements for Ca 

and P are influenced by the amount of vitamin D in the diet. In general, the need 
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for Ca and P increases as the level of vitamin D decreases and vice versa (Smith, 

1990). 

 

2.4.3 Water requirements 
 

Water is normally provided ad libitum for poultry (Smith, 1990). Bird body 

water is approximately 60% while eggs contain approximately 65%. The 

presence of water is essential if nutrients are to be absorbed and toxic materials 

removed from the body. Water is essential for the control of body temperature, 

especially in hot environments. Panting is an essential heat loss mechanism under 

these conditions and lack of water quickly leads to death by hyperthermia. Birds 

consume considerably more water at high ambient temperatures than at low 

ambient temperatures. Other factors which influence water intake include diet, 

rate of egg-laying and the size of the bird. Insufficient water can seriously retard 

growth and impair egg production. This is particularly true in tropical countries 

where deprivation of water can lead to death within 24 hours. Even a 10% 

restriction of the amount of water can significantly reduce growth rate and food 

conversion efficiency. A rise in protein levels increases water consumption. 

Correspondingly, sodium chloride in the diet increases water intake (potassium 

and magnesium salts can have a similar effect). 

 

2.5 Effects of the environment on poultry production in tropical 

regions 
 

The effect of environmental conditions on animal production is well recognized. 

Most environmental conditions in tropical are less favorable for animal 

production compared with temperate zones. These environmental conditions or 

variables include the climate (e.g. air temperature, humidity, air movement, 

rainfall and light), as well as soil quality and water resources. The major factor 

that significantly inhibits efficient animal production in tropical is high ambient 

temperature, both directly and indirectly (Chantalakhana and Skunmun, 2002). 

 

The genetic disposition of poultry cannot be utilized fully if there are 

environmental constraints. Improvement in production and its efficiency 

generally depends on the quality of environmental management. Heat stress has a 

marked effect on behavior, food and water consumption, blood composition, 

cardio-respiratory behavior, heat production and body temperature of poultry. 

When the animal is exposed to heat stress, regulatory mechanisms are involved 

both in specific and non-specific actions. The specific actions dealing with 

homeostasis include heat loss and cardio-respiratory adjustments. Non-specific 

actions are dependent on integrative capacities of the nervous and endocrine 

systems. In the absence of responses, the bird becomes fatigued and dies. 

Temperature, humidity and air velocity are primary environmental factors which 

require the bird’s ability to adapt to extensive changes in temperature. Stability of 

body temperature is an essential factor in production efficiency. Broilers have a 

thermo neutral zone of 32°C to 35°C. The upper critical temperature for broilers 

is between 36°C and 37°C (Van der Hel et al., 1991). The chicken is comfortable 
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when the ambient temperature is in the thermo neutral zone (18°C to 36°C). Thus 

health, weight gain, productivity and feed efficiency are maximized and stress is 

minimized at these temperatures. Poultry body-heat gain is generated by 

chemical, mechanical and thermal sources. Chemical sources of body heat 

involve metabolism (e.g., digestion of feed). Mechanical sources are related to 

physical activities. Body-heat gain is derived from a thermal source if the 

ambient temperature is greater than the body temperature. The effects of heat 

stress include decreased voluntary feed intake, growth rate, feed efficiency and 

ME intake; lower egg production, including degradation of egg-shell quality in 

the summer season; increased breathing rate (panting); increased susceptibility to 

disease and finally death. During heat stress, the blood electrolyte balance is 

altered, blood potassium can be depressed and immune functions can be affected 

(Chaiyabutr, 2004).  

 

2.6 How chickens adapt to heat stress 
 

Naturally birds try to adjust during high ambient temperatures to maintain 

routines and for their survival. Chaiyabutr (2004) stated that chickens will relief 

through: 

1) Panting, which helps to cool body temperature in two ways. First, it 

increases saliva secretion, which can increase evaporative cooling. 

Second, heavier breathing increases evaporative cooling through the 

respiratory tract with a subsequent cooling effect.  

2) Standing and lying down more frequently during temperatures higher than 

36°C.  

3) Burrowing into the litter and dispersing their body heat through conducti-

vity. 

4) Increasing blood plasma; this helps the bird to tolerate heat as the high 

specific heat of water decelerates rising body temperature.  

5) Increasing the turnover of water and electrolytes as much as possible via 

the kidneys. Water loss is mainly attributable to an increase in urine 

production and free water clearance is independent of water consumption. 

An increment of total urinary K
+
, P

-
, Na

+
, Mg

+
, and Ca

++
 excretion has 

been reported with heat-stressed broilers (Barley and Teeter, 1993 cited by 

Chaiyabutr, 2004).  

6) Higher water consumption due to the loss of water and minerals in order 

to support evaporative cooling; increasing the sodium re-absorption rate 

helps heat-acclimated broilers to reduce metabolic heat loading. 

 

2.7 Ways to reduce heat stress in chickens in the tropics 
 

Proper management can minimize the adverse affects of heat stress in poultry. 

Successful poultry management should take into the account the status of the 

flock, anticipating heat stress and responding by modifying the environment. To 

reduce the effects of heat stress in poultry, Chaiyabutr (2004) recommended:  
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1) Providing adequate access to cool, clean water. During heat stress, 

drinking is a critical consideration to reduce body temperature.  

2) Restricting feed or short-term feed withdrawal during heat stress to reduce 

mortality. Adjustments to increase the dietary fat level during heat stress 

may reduce the heat increment of the diet which will lower body 

temperature (Fuller and Rendom, 1977 cited by Chaiyabutr, 2004).  

3) Acclimating poultry to heat. Heat stress acclimation is the physiological 

response of the poultry (to counter the high ambient temperature) by 

repeated, short, daily exposure to a hot, humid climate. In this way, 

poultry can survive a short period of acute heat exposure with a lower 

body temperature. Heat acclimation of chickens will increase their heat 

resistance.  

4) Supplementing drinking water with minerals (salt) can increase the 

tolerance of broilers to acute heat stress. Body weight gain and water 

consumption is influenced by electrolytes with NaCl supplements in the 

drinking water.  

5) Allowing the birds to burrow into the litter and diffuse their body heat 

through conductivity.  

6) Providing ascorbic acid supplements. A study by Gross (1988, cited by 

Chaiyabutr, 2004) showed that mortality could reduced from 40 to 0% 

when ascorbic acid was included at 0-330 ppm in the diet one day before 

heat exposure.  

7) Improving the quality of poultry housing, especially with respect to air 

humidity and ventilation. Many different systems are used to reduce heat 

stress in poultry, such as fans, evaporative cooling systems, water 

spraying, sprinkling, dripping and light adjustments. 

 

2.8 Growth of chickens  
 

2.8.1 Commercial hybrid broilers 
 

The protein and energy requirements of commercial hybrid broilers have been 

investigated by several researchers from different agencies within Thailand. The 

hybrid broiler sector is continuing to undergo rapid growth so these 

investigations are ongoing; they are juxtaposed by the development of breeds, 

feed resources and feeding technology, as well as the improvement of 

environmental conditions. Commercial hybrid broilers respond to a higher ME 

diet. Sukhupanyaruk (1977) discovered that commercial hybrid broilers had low 

growth when they were fed with a diet that contained 2,500 kcal ME/kg at the 

age of 0-4 weeks, and 2,700 kcal ME/kg at the age of 4-8 weeks. Growth 

increased when they were fed with higher dietary energy. Growth increased 

when they were fed with a diet containing 3,100 kcal ME/kg and 20% dietary 

protein at the age of 0-4 weeks. At the age of 4-8 weeks, broilers required 3,100 

kcal ME/kg and 18% dietary protein. Nevertheless, Saichou (1994) reported that 

a different level of dietary protein had no effect on the growth of a broiler 

(P<0.05). However, the commercial hybrid broilers responded to higher dietary 

energy because average body weight gain and feed intake was higher when they 
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were fed with higher energy (3,400 and 3,420 kcal/kg) than lower energy (3,280 

kcal/kg) (P<0.05) at between 0-3 weeks; however there was no significant 

(P<0.05) interaction on energy levels and protein levels on growth at 3-8 weeks. 

Energy of 3,250 kcal/kg with 18.50% dietary protein achieved better average 

body weight gain and feed conversion (P<0.05) from 0-6 weeks compared to 6-8 

weeks. Therefore, Sae-tang (1998) recommended that commercial hybrid broilers 

at ages of 0-3 and 3-7 weeks should be fed with 3,050 and 3,100 kcal ME/kg. 

Energy and protein ratios (E/P ratio) at 0-3, 3-6 and 6-7 weeks were 145:1, 163:1 

and 179:1, respectively. The feed efficiency of broilers at different energy levels 

was not significant (P<0.05). The feed conversion ratio for 1-49 days varied 

between 2.11 and 2.14. In addition, there was an attempt to reduce dietary protein 

with supplements of amino acid in order to maximize return of investment from 

commercial broiler husbandry. Weight gains were significantly different between 

treatments. Broilers fed with a diet that contained metionine amino acid (0.6% of 

diet) and a diet with metionine amino acid (0.5%) + cystein (20%) as 

recommended by the NRC (1994) had higher weight gains than those fed with 

the 17% dietary protein as the control treatment (Priem-Ngu-luam, 2000).  

 

2.8.2 Native chickens  
 

Native chickens exhibited slow growth. Investigations revealed that native 

chickens responded significantly to different feed qualities and husbandry 

environments. The growth rate heritability in chickens is very high, especially in 

an unselected population. It was estimated that the h
2
 of growth rate could be 

between 40 and 80%. Continued selection for growth rate results in a reduction 

of genetic variation and trait heritability may become very low (Smith, 1990). 

Native chicken h
2 

at the age of 8 weeks was 0.78 which was similar to exotic 

breeds such as the New Hampshire, White Leghorn and Rhode Island Red (only 

at the measurement period) (Thamabood et al., 1982 cited by Choprakarn et al., 

2000). 

 

Thamabood and Choprakarn (1982) studied the response of native chickens to 

supplement feeding with 7, 10, 12 and 14% dietary protein twice a day (in the 

morning and evening) besides their natural scavenging. They found that the 

growth rates of native chickens less than 4 months old were 8.9, 10.6, 8.5 and 8.7 

g/bird/day, respectively. It was quite remarkable that the chickens which were 

fed with the 10% dietary protein supplement had the highest growth rate. 

Nevertheless, the growth rate of native chickens could be higher at a rate of 13 

g/bird/day when fed with 12-18% dietary protein (Choprakarn et al., 1985). 

Thus, growth was greater with a better diet as reported by Rotjanasatid et al. 

(1983) who found that the weight gain of native chickens was 15 g/bird/day 

when fed with a commercial broiler diet. The response of native chickens to high 

feed quality in terms of a protein and energy combination was also investigated. 

RDI/KKU (1988) found that the average body weight gain of native chickens 

receiving 21-18% and 19-16% dietary protein was similar (1,327.6 g and 1,302.5 

g) but greater than those receiving 17-14 % of dietary protein (1,251.3 g) 

(P<0.01). The average body weight gain of chickens receiving 3,000 and 2,800 
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kcal ME/kg was not significantly different (1,258.1 g and 1,271.3 g) but higher 

than those receiving 2,600 kcal ME/kg (1,251.3 g) (P<0.01). For the age range of 

8-16 weeks, chickens receiving 18% and 16% of dietary protein had a greater 

growth rate than those receiving 14% dietary protein. It was clear that at the age 

range of 0-8 weeks, the growth of native chickens fed with 19% and 18% dietary 

protein was not significantly different but the growth trend of chickens fed with 

19% protein was higher. However, at the same level of protein intake, native 

chickens receiving the lower energy level exhibited better growth than those 

receiving the higher energy level in the diet. These facts conflicted with 

Teerapantuwat et al. (1988) who found that weight gains of native chickens at 

the end of week 20 for chickens receiving the different dietary protein levels, i.e. 

17, 16, 15 and 14% were 1,749, 1,803, 1,765 and 1,658 g/bird, respectively 

which was not significant for body weight gain. The study found that daily 

weight gains during weeks 12-16 were highest (17 g) and decreased during 

weeks 16-20 to 15 g/bird/day. Choprakarn et al. (2000) reviewed the 

requirements of native chickens from several studies conducted in Thailand. 

They found that native chickens required at least 8% dietary protein and 2,600 

Kcal ME/kg diet. So natural food, such as insects, is a good source and supply of 

protein.   

 

2.8.3 Crossbred native chickens 
 

In Thailand, crossbred native chickens have been developed by the DLD since 

1979. The growth of crossbred native chickens is faster than native chickens in 

the semi-intensive system. However, crossbreeding had been attempted among 

native chickens with several exotic breeds i.e., Rhode Island Red, Barred and 

White Plymouth Rock and Shanghai. The thrust was mainly for growth 

improvement, increased egg yield and carcass quality improvement. 

Consequently, husbandry management should be upgraded from the backyard 

system to the more intensive system with a commercial focus (Panja, 2000).  

 

Mayawes (1985) found that the trend of weight gain of a 2-line crossbreed 

(native chicken and Rhode Island Red [NR]) increased with an increase of 

dietary protein (i.e. in the range of 8-20% dietary protein). The most suitable 

protein levels for the age range of 2-6 weeks, 6-14 weeks and 14-26 weeks were 

18, 14 and 10%, respectively. The average body weight gains per bird that 

received this diet were 239 g in week 6 and 1,048 g in week 16. The cumulated 

feed intake per bird during the periods of 2-6 weeks and 6-14 weeks were 651 

and 2,124 g, respectively. Prachyaluk et al. (1994) reported that a 2-line 

crossbreed (native chicken x Shanghai [NH]) receiving a diet containing 20-18% 

dietary protein and 2,800 Kcal/kg ME had the best body weight and growth rate, 

being 1,470 and 17.2 g/day, respectively. 

 

Leotaragul and Pimkamlai (1999) reported that the growth of a 2-line crossbreed 

(native chicken and NR) was significantly different when they received different 

feed types in the feedlot system. The body weights at 12 weeks were 1,470.14, 

1,395.70, 1,270.22 and 585.75 g; their average daily weight gains were 17.12, 
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16.23, 13.99 and 6.59 g when they received a commercial broiler diet, a 

commercial layer diet, a commercial broiler diet mixed (50:50) with fine rice 

bran and a corn gluten meal mixed (50:50) with a fine rice bran, respectively. 

Thus the 2-line crossbred native chicken had a better performance when it 

received a good quality diet. The 2-line crossbred native chickens can be raised 

in both semi-intensive and backyard systems because they exhibited the same 

growth. Intarachote et al. (1996a) studied the growth of different types of 2-line 

crossbred native chickens raised in both house management and backyard 

systems. The treatment received the same feed throughout the experiment. There 

was no significant difference among the types of crossbred native chickens 

within and between husbandry systems. The body weights at 12 weeks for native 

chickens and NR, native chickens and NH, native chicken 75% and Shanghai 

(NNH) from the house management and backyard systems were 1,088.7, 1,327.3, 

1,202.1 g and 1,262.1, 1,323.5, 1,244.6 g, respectively. However, the growth of a 

2-line crossbreed raised in farm conditions was better than that raised on-station.  

 

Intarachote et al. (1991) reported on a difference in weight gain between 

chickens (native chicken and NR) raised under research station and farm 

conditions. At 12 weeks, the averages of individual weights were 1,189 g on-

station and 1,251 g on-farm; at 16 weeks, the average weights were 1,761 g on-

station and 1,836.6 g on-farm. Chaiyanukulkitti et al. (1990) reported that a 2-

line crossbreed (native chicken and NR) fed with a mixed diet containing 15% 

CP (including 5% leucaena leaf meal) – at 117 days – had an average weight 

(both sexes) of 1,235 g . The feed conversion ratio (FCR) (2-16 weeks) was 5.71. 

Chickens fed with the same level of protein but mixed with 5% lucern leaf meal 

– at 115 days – had an average weight of 1,235 g with an FCR during 2-16 weeks 

of 5.12. 

 

Loupaibol et al. (1999) investigated the production of a 3-line crossbreed (native 

chicken and Rhode Island Red and Barred Plymouth Rock [NRB]) raised in a 

research station (Treatment 1: T1) compared with husbandry in two different 

villages (Treatment 2: T2 and Treatment 3: T3) in the northeast of Thailand. The 

body weights at 10 weeks of T1, T2 and T3 were 1,084.0, 995.0 and 953.0 

g/bird; Average Daily Gain (ADG) was 14.91, 13.58 and 12.99 g/day, 

respectively. The growth of chickens raised by farmers was lower than chickens 

reared in the research station because farmers often changed the diet of the 

chickens. Farmers fed their chickens with a commercial pig diet or a commercial 

layer diet instead of commercial broiler diet. They also mixed in local feed 

resources such as broken rice, fine rice bran at a ratio of 1: 1: 1 by weight. The 

growth rate of the 3-line crossbred native chicken in the research station was 

higher than in the villages. This was due to the better feed composition in the 

research station.  

 

Panja (2000) conducted a study on the growth and carcass quality of a pure-bred 

Thai native chicken (supplier: DLD) with three lots of different 3-line crossbred 

native chickens (suppliers: (1) Chai-ari Farm, (2) Tanaosri Farm and (3) DLD). 

The chickens were fed with 18% dietary protein and 2,700 kcal ME/kg for four 
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months. The results showed that the native chicken had the lowest final weight 

(1,525 g/bird). The 3-line crossbreeds from Chai-ari farm had the highest final 

weight (2,100 g/bird), while those from Tanaosri farm showed the best result for 

the FCR (2.69). Purintrapiban et al. (2004) reported that the growth of a 3-line 

crossbreed (NRB) was higher when they received the 16% dietary protein 

(2,600-2,800 Kcal ME /kg) from palm kernel cake as protein at the level of 10-

30% in the diet formula. Body weight and daily gain at the age of 16 weeks were 

2,672.5-2,745.0 g and 22.68-23.30 g per bird per day, respectively.  

 

Jeendoung et al. (2001) studied the growth of a 2-line crossbreed (NR) and a 3-

line crossbreed (NRB) fed with commercial layer diet (19-15-13 % dietary 

protein). Body weights at birth of NR were lower (P<0.05) than NRB. The body 

weights at 4, 8 and 12 weeks for NR and NRB did not differ (P>0.05), but at 16 

weeks the weight of NR was higher (P<0.05) than NRB. Daily weight gains for 

NR and NRB from 0-4, 0-8 and 0-12 weeks were not significantly different, but 

NR was better (P<0.05) than NRB at 0-16 weeks. Body length, shank length and 

thigh length at 4, 8, 12 and 16 weeks for NR (1,810.00 g) were greater (P<0.05) 

than NRB (1,593.33 g). Whereas ADGs during 0-16 weeks were 15.82 and 13.88 

g/bird/day for NR and NRB. 

 

Intarachote et al. (1996a) compared the growth of a 2-line crossbreed (75% 

native chicken and Shanghai [NNS]), a 3-line crossbreed (native chicken and 

Shanghai and Barred Plymouth Rock [NSB]) and a 4-line crossbreed (native 

chicken and Shanghai and Rhode Island Red and Barred Plymouth Rock 

[NSRB]). These chickens received the same diet with ad libitum feeding. The 

body weights at hatching for NNS, NSB and NSRB were 35.19, 36.08 and 34.39 

g/bird, respectively. Body weights at 12 weeks were 1,228.02, 1,009.89 and 

1,146.20 g/bird, respectively. Body weights at 16 weeks were 1,665.45, 1,459.77 

and 1,603.72 g/bird. Body weights at 20 weeks were 1,938.17, 2,016.62 and 

1,806.44 g/bird, respectively. The growth rate of native chickens was higher 

during 8-16 weeks and decreased during 16-20 weeks. The average daily weight 

gains during 0-12 weeks were 14.20, 11.59 and 13.24 g; during 0-16 weeks they 

were 14.56, 12.71 and 14.01 g; and during 0-20 weeks they were 13.59, 14.47 

and 12.66 g, respectively.  

 

Chomchai et al. (1998a) studied the effects of dietary protein and energy levels 

on the growth of a 4-line crossbreed (NSRB). The chicks were fed ad libitum 

with four dietary protein levels (12.13, 13.19, 17.36 and 19.82%) and three 

dietary energy levels (2,207, 2,609 and 3,010 kcal ME/kg) throughout the rearing 

period of 14 weeks. The final body weights at 14 weeks were 1,059.91, 1,317.80, 

1,427.7 and 1,486.4 g; average daily weight gains were 10.45, 13.09, 14.21 and 

14.81 g/day, respectively. FCRs were 4.25, 3.87, 3.49 and 3.45; intake was 

46.16, 51.04, 52.02 and 52.28 g/bird, respectively. The results indicated that 

increasing dietary protein levels could improve body weight and growth rate, 

FCR and carcass traits (p<0.05). There were no statistically significant 

differences in body weight and growth rate due to dietary energy levels but the 

FCR could be significantly (P<0.05) improved at higher energy levels. The level 
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of ME between 2,207 and 3,010 Kcal/kg was sufficient for NSRB. Chickens 

which received the low level of energy (2,207 Kcal ME/kg) would adjust by 

increasing intake until they received a sufficient daily energy requirement. So 

their growth rates were slightly similar to other chickens. Feeding NSRB chicks 

with a diet containing 17.36% protein and 3,010 kcal ME/kg produced a good 

performance and had the lowest feed cost per gain. The growth curve of the 

NSRB chicks was fitted in cubic terms. The guidelines for improved feed 

efficiency should be adjusted to feed concentrations given to the chicks at 0-2, 2-

11 and 11-14 weeks of age.  

 

Chomchai et al. (1998b) rearing the NSRB crossbreed, fed them ad libitum, with 

three dietary protein levels: 1) 18% from 2-16 weeks of age, 2) 11% from 2-16 

weeks of age and 3) 18% from 2-8 weeks and 11% from 8-16 weeks of age. The 

chickens were reared in two housing systems: 1) a litter floor system (5 birds/m
2
) 

and 2) a poultry run (1.7 birds/m
2
). Native chicks fed with 11% dietary protein 

and reared in a poultry run were used as a control in this experiment. The result 

indicated that at the age of 16 weeks, NSRB chicks had a better performance than 

native chicks (P<0.05) such as growth (body weight: 1,388.16 vs. 769.33 g; ADG 

13.01 vs. 6.97 g/day), feed consumption (54.97 vs. 35.26 g/day), FCR (4.35 vs. 

5.06), carcass traits (dressed: 62.25 vs. 59.16%) and meat quality. Different 

levels of dietary protein affected the performance of NSRB. It appeared that 

feeding with 18%, 18-11% and 11% dietary protein throughout 16 weeks 

improved growth rate (body weight: 1,736.87, 1,378.45, 1,049.17 g; ADG: 

16.58, 12.91, 8.73 g/day), feed consumption (60.80, 57.29, 46.84 g/day), FCR: 

3.67, 4.44, 4.93, carcass traits (dressed: 64.7, 62.26, 59.8%) and meat quality of 

NSRB chicks, respectively. NSRB exhibited the best growth when receiving 

18% dietary protein. Thus, there were no significant different effects among the 

husbandry systems in terms of body weight (1,433.79 and 1,342.54 g), ADG 

(13.46 and 12.56), feed consumption (57.10 and 52.84 g/day), FCR: 4.37 and 

4.32, carcass traits (dressed: 62.7 and 61.8%), respectively. The NSRB chicks fed 

with 18% dietary protein and kept in the litter floor system did well and had the 

lowest feed cost per gain. 

 

2.9 Feed utilization efficiency 
 

Feed utilization efficiency is the total efficiency with which all the nutrients are 

utilized. When expressed in its usual form as the FCR, it is a gross measure of 

efficiency and selection for this trait places emphasis on the efficient use of food 

for both maintenance and growth. Breeders of commercial broilers began to 

select for feed efficiency during the 1980s, and some quite remarkable responses 

have been achieved. It is now common for commercial broilers to achieve an 

FCR of less than 1.7 at an average live weight of 1.8 kg, and even better than 1.5 

for certain selected lines raised under excellent conditions (Pym, 1997). 

 

The level of feed consumption is a basic and important factor that determines the 

rate of growth and body composition achieved by animals throughout their 

lifecycle. The coordinated regulation of feed intake and energy balance involves 



 

 29

integration of environmental conditions (i.e. feed, availability, day length and 

temperature) and internal physiological signals (i.e. hormone levels, metabolite 

levels and energy store). The central nervous system, brainstem and 

hypothalamus play a critical role in the regulation of feed intake and energy 

balance. The regulation of feed intake includes a central system that serves as the 

controller of feed intake. This central system comprises specific neural sites and 

circuits in the brainstem and hypothalamic regions that receive inputs from two 

major peripheral systems. A short-term system, also referred to as the peripheral 

satiety system, transmits meal-related signals (e.g., the presence of feed of 

specific nutrients) primarily from the gastrointestinal tract satiety centers located 

in the brainstem (Jensen, 2001). Satiety signals originating from the gut are 

relayed from the brainstem to the hypothalamus to activate neural pathways that 

modulate feed intake in the short-term (i.e., on a meal-to-meal basis). A long-

term system provides information to the hypothalamus on the amount of energy 

stores e.g., adipose tissue mass). Long-term regulation of energy balances occurs 

via neural and neuroendocrine pathways activated in the hypothalamus in 

response to specific signaling molecules from the peripheral pathways that are 

also integrated with satiety signaling pathways originating in the brainstem. The 

net result is a system that cumulatively regulates meal-to-meal feed intake along 

with long-term maintenance of energy (fat) storage to achieve energy 

homeostasis and, ultimately, to promote stability in body weight (Richards, 

2003). 

 

A bird reacts to high temperature by reducing its food intake. However, the food 

efficiency of poultry can be improved be keeping them at temperatures higher 

than those normally found in temperate regions in winter. In particular, food 

intake by laying birds declines exponentially as environmental temperature is 

increased. Consequently production of eggs is reduced as well; lower feed intake 

(20%) was the indirect effect on the reduction of egg production in high ambient 

temperature, which was the major effect (80%). If water intake by the bird is 

doubled (250 to 500 g/day) in a short period (24 hours) then the feed intake will 

be reduced to the level that it was consuming prior to the increase of ambient 

temperature. Daylight also affects feed intake – only during the last three hours 

of daylight do birds quickly learn to eat all their food as they would if food were 

available during the whole day. By reducing day-time heat production by 16% 

and increasing night time heat production, growth and food intake decrease 

0.12% for each degree of temperature increase above 21°C. Feed conversion 

efficiency is maximum between 21 and 26°C. At high ambient temperature any 

method of feeding that lowers the heat increment would be advantageous. Thus 

feeding with a higher fat diet should be advantageous because fat affords a lower 

level of heat increment than other energy food. The decreases of intake affect the 

uptake of amino acid in the diet; this should be increased and balanced. At 21°C 

and humidity of 48-90% there is no effect on growth and the FCR but at 29°C 

and 30-70% humidity the growth rate of broilers slows down (Smith, 1990). 

 

Hartman (1981) reported on broilers fed with mash and a pelleted diet and fed 

with different diet per cubic foot. Broilers fed with the pelleted diet grew faster 
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and reached 1,750 g about three days earlier than those fed with the mash diet. 

For both the mash and pelleted diets, growth was slower than on the less dense 

feeds. Intake of pelleted diet can be up to 8% greater than the intake of the same 

food presented as meal due to partial cooking and convenience. It is high in 

young birds as it promotes growth rate, but in adults this can lead to increased fat 

deposition and obesity (Smith, 1990). Thus, bulk density of the diet may also 

limit the quantity of nutrients that can be ingested per day. Pelleting of a bulky 

diet will increase the nutrient density per unit volume of diet and enable the 

consumption of more nutrients. The addition of fat to a diet increases the energy 

concentration and decreases the bulk density of the feed. Ambient temperature 

has a marked influence on energy requirement and hence on feed intake. 

Chickens exhibit lower feed consumption in higher ambient temperatures – feed 

consumption will decrease by about 1.5% for each rise of 1ºC above the thermo 

neutral zone. On the other hand, a cooler ambient temperature causes an increase 

in feed consumption (NRC, 1984).   

 

The most important factors affecting food intake are the characteristics of the 

bird (body weight, rate of live weight gain and output of eggs), quality of food 

and the environment. Heavy birds consume more food than lighter birds. The 

control of food intake of light-bodied laying hens is very precise and they adjust 

to considerable variation in the energy level in their diets and maintain their daily 

intake of energy at a constant level. Heavy birds, on the other hand, will consume 

more energy on a high energy diet than a low energy one and become fat. Birds 

that grow faster than average, normally consume more food than the average. 

Faster growth means better food conversion, because a greater proportion of the 

food is used for production. It was found that 1% increases in egg production 

were associated with a 2% increase in food intake. Thus food intake is greater 

(20%) when active egg formation is taking place than days when eggs are not 

formed. The concentration of energy in diet is a major factor affecting food 

intake. An increase in dietary energy results in a decrease in food intake. If the 

diet is deficient in one or more essential nutrients, appetite is depressed; this is 

associated with a decline in growth or reproductive performance. Hens and 

chicks will sometimes consume extra food to restore their intake of limited 

amino acids to an adequate level, in the case of some amino acid deficiency 

(Smith, 1990). 

 

Appetite or voluntary food intake is the amount of food that a bird consumes 

when it has unlimited access to a diet. Reduction of food intake is a useful 

warning of error in management or outbreak of diseases. It is suggested that heat 

produced after food is consumed raises the temperature of the blood and 

hypothalamus, so the desire to eat is lessened. Light intensity and day length 

have some effect on voluntary food intake. For chicks, lighting has a more direct 

effect upon food intake by regulating behavior patterns and extending food 

activity. Maximum food intake and growth rate are obtained when chicks are 

reared in continuous light. Broilers with too much light may increase activity and 

therefore reduce efficiency of food utilization. Various methods of restriction of 

food intake can be used. These include skip-a-day feeding, low protein diets, 
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high fiber diets and low lysine diets. Skip-a-day feeding is a technique to ensure 

that every bird, including those low down in the pecking order will achieve 100% 

of their desired consumption, whereas birds further down the pecking order may 

consume less than 50%. For broiler strains, severer levels of restriction (less than 

50% of appetite) are applied, particularly in the rearing phase. Birds are given 

food in a restricted way and water is provided ad libitum. Wet litter may result in 

the humid rainy season; this problem can be overcome by restricting the water 

intake of the bird as well. Food containing high levels of protein is expensive to 

purchase, and so a diet which is too high in protein is unnecessarily expensive. 

The excess protein is broken down and used as an energy source and the excess 

nitrogen is excreted as uric acid (Smith, 1990). 
 

Bonnet et al. (1997) explained that a reduction in feed efficiency might also be 

due to primarily lower feed digestibility, the first step of feed utilization. Such 

inconsistency of energy uptake might be attributed to various factors, inter alia, 

feed intake, age, genotypes, sex and type of diet. A reduction in feed digestibility 

might contribute to a decrease in the amounts of nutrients available for growth. 

For birds that were fed a corn-soybean meal diet, energy digestibility did not 

significantly change when birds were exposed to high temperature. Lipid 

digestibility appeared to decrease which could be related to an increase of the 

saturated to unsaturated fatty acid ratio. The decrease was probably related to 

insufficient secretion of bilitary salts. The reduction of feed intake decreased 

total mineral retention. Chronic heat exposure significantly decreased protein 

digestion, probably due to protein quality such as rapeseed meal and digestibility 

was poorer than soybean meal; meat meal is known to be less well-digested than 

soybean protein sources, which can decrease the overall protein digestibility by 

0.6%. The use of high protein digestible materials may attenuate the effect of 

high temperature on protein digestibility. ME, decreased at high temperature, was 

only partly explained by decreased protein and fat digestibility. Starch 

digestibility was also reduced in heat-exposed chickens. This depended on the 

origin of the starch. At thermo neutrality, feed restriction tended to improve 

protein, fat and starch digestibility, irrespective of the diet. The use of a feed 

formulation adapted for a warm period of the year was recommended. The 

decrease of feed digestibility explains in part the decreased growth of broilers 

exposed to high temperature. Water consumption dramatically increased at 32°C; 

this can enhance the feed passage rate. Chronic heat exposure has also been 

shown to reduce the size of the gastrointestinal tract – the lower proventiculus – 

and gizzard weight, which could explain part of the reduction in protein 

digestibility (Savory, 1986 cited by Bonnet, 1997). The decrease in intestinal 

villosity surface that further reduces absorption in alanine absorption capacity by 

enterocytes is probably related to delayed cell maturation. Change in vascular 

characteristics might also contribute to reduced digestibility capacity, thus blood 

flow is reduced in the upper gastrointestinal tract after chronic heat exposure.  
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2.9.1 Feed utilization efficiency of hybrid broilers 
 

Broilers are usually allowed to feed on an ad libitum basis to ensure rapid 

development to market size, although some interest has been expressed in 

controlling feed intake in an attempt to minimize the development of excessive 

carcass fat. It is difficult to establish a single set of requirements that is 

appropriate for all types of broiler production. Therefore, nutrient requirement 

may vary according to the criterion of adequacy. In the instance of essential 

amino acids, greater dietary concentration may be required to optimize efficiency 

of feed utilization than would be needed to maximize weight gain (NRC, 1994). 

Any expression of nutrient requirement can only be a guideline representing a 

consensus of research reports. These guidelines must be adjusted as necessary to 

fit the wide variety of age, sex and strains of broiler chickens. Mayawes (1985) 

referred to the report of Jacson et al. (1982) as they found that the level of dietary 

protein affects feed intake and protein utilization in broilers; feed intake increases 

when broilers receive dietary protein from 16 to 24% but the rate of feed intake 

declined when broilers received dietary protein over 24% (72.4, 74.4 and 72.3 

g/bird/day for dietary protein of 16, 24 and 36%, respectively). The protein (% 

dietary) and energy (kcal ME/kg) requirements of broilers recommended by the 

NRC (1994) at 0-3, 3-6 and 6-8 weeks of age were 23:3,200, 20:3,200 and 

18:3,200, respectively. The average feed consumption and feed conversion 

efficiency for seven weeks overall were 94.97 g/bird/day and 1.97, respectively. 

In Nigeria, Olomu and Offiong (1980) studied broilers fed with different protein 

and energy levels in the hot climate of the country. Broilers were fed with a diet 

that contained four levels of dietary protein (17, 20, 23 and 26%) and three levels 

of energy (2,800, 3,000 and 3,200 kcal ME/kg). They found that the best growth 

at the age of 0-5 weeks occurred in broilers that had been fed with 23% dietary 

protein and 2,800 kcal ME/kg. Energy content in the diet did not have a 

significant effect in terms of weight gain and feed intake, but feed efficiency was 

higher with the diet that contained higher energy. During 6-9 weeks, the broilers 

could be fed with any level of protein content tested because the level of protein 

contained in the diet had no significant effect on the weight gain and feed 

utilization efficiency. The most suitable diet was the one that contained 20% 

dietary protein and 3,000 kcal ME/kg. 

 

The National Research Council (NRC, 1984) published a table of growth and 

feed requirements of broilers (Table 2.4) as a guideline for feed management. 

Over nine weeks, the weights of male and female broilers were 2,925 g and 2,350 

g, with an FCR for the whole period of 2.27 and 2.35, respectively. 

 

2.9.2 Feed utilization efficiency of native chickens 
 

Native chickens raised in rural areas are part of the scavenging or extensive 

system. They consume natural food such as insects and worms or agricultural 

byproducts such as rice grains, kitchen waste and vegetable waste. Villagers let 

their chickens scavenge for food all day long. Popular feeding places are cattle or 

pig pens. So feed costs for native chicken rearing are very low, almost nil when 
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compared to commercial rearing which is a completely different activity. Rearing 

native chickens at the village level has no production costs and is low risk. 

Introducing commercial feed and feeding is neither appropriate nor practical. 

Moreover genetic performance is lower than commercial breeding, thus nutrient 

requirements are lower. Commercial breeding is not appropriate for farmers and 

rural conditions, especially the investment in feed and feeding. Any proposed 

feeding activity for native chicken rearing at the village level should be based on 

the lowest possible cash expense (Rattanawaraha, 1988).  

 

Table 2.4  Body weight and feed requirements of male and female broiler 

chickens 

 

Age Body weight (g) Weekly feed 

consumption (g) 

Cumulative feed 

consumption (g) 

Week M F M F M F 

1 

2 

3 

4 

5 

6 

7 

8 

9 

130 

320 

560 

860 

1,250 

1,690 

2,100 

2,520 

2,925 

120 

300 

515 

790 

1,110 

1,430 

1,745 

2,060 

2,350 

120 

260 

390 

535 

740 

980 

1,095 

1,210 

1,320 

110 

240 

355 

500 

645 

800 

910 

970 

1,010 

120 

380 

770 

1,305 

2,045 

3,025 

4,120 

5,330 

6,650 

110 

350 

705 

1,205 

1,805 

2,650 

3,560 

4,530 

5,540 

Source: National Research Council (NRC, 1984);  

 
Researchers have investigated the nutrient requirements of native chickens as 

well as improving diet by utilizing local feed resources. Banasithi et al. (1988) 

recommended that the level of protein (% dietary) and energy (Kcal/kg) required 

by native chickens at different ages were: 19%: 2,800; 15%: 2,200 and 13%: 

2,600 for starters, growers and layers, respectively. Panja (2000) investigated the 

performance of native chickens reared commercially. Native chickens produced 

by the DLD were fed with 18% dietary protein and 2,700 kcal ME/kg for 16 

weeks. The feed intake and feed utilization of native chickens were 50.70 

g/bird/day and 3.78, respectively. Teerapantuwat et al. (1988) reported that 

protein efficiency was higher in younger native chickens, decreasing as age 

increased (i.e. 2.66 at 4 weeks, 1.66 at 16 weeks and 1.12 at 20 weeks). FCRs 

between 0-12 weeks ranged between 2.45 and 2.94, and increased to 3.98 and 5.8 

at 16 and 20 weeks, respectively. It was clear that feed efficiency decreased from 

week 16 onwards. In this study, the feed efficiency of chickens fed with 14% 

dietary protein was lowest but not significantly different from the higher 

percentage of dietary protein. Boonjue (2004) found that the feed intake of native 

chickens varied with the stage of productivity rather than the level of dietary 

protein. The response of native chickens to five different levels of dietary protein 

(12.00, 13.50, 15.00, 16.50 and 18.00%) was investigated. At 16 weeks, feed 

intake was 92.77, 90.24, 103.12, 94.53 and 101.56 g/bird/day, respectively. Feed 

intakes during the laying period according to different protein levels were 89.77, 
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87.26, 103.30, 105.75 and 104.95 g/bird/day, respectively. Feed intake decreased 

during the incubating period: 65.77, 68.11, 67.63, 69.08 and 69.12 g/bird/day, 

respectively. Thus, the results showed that protein level did not affect body 

weight at first egg laid, weight of first eggs laid, body weight before and after the 

hatching period and feed intake during egg hatching (15% dietary protein since 

the onset of lay). 
 

2.9.3 Feed utilization efficiency of crossbreed native chickens 
 

Exotic breeds generally require higher levels of nutrition and management which 

cannot be met under village conditions (Chantalakhana and Skunmun, 2002). 

Improving the breed of native chickens by crossbreeding with exotic breeds 

would improve growth, feed utilization efficiency and quality of carcass. Such 

improvement targets the needs of farmers and consumers.  

 

Crossbred native chicken require and respond to better diet quality compared to 

native chickens, however, this depends on the number of breed lines: a 2-line 

crossbreed (native chicken and Rhode Island Red) responded to a better diet 

because they were fed with a commercial broiler diet, a commercial layer diet, a 

commercial broiler diet mixed with rice bran and rice bran mixed with maize 

(Leotaragul et al., 1999). Prachyalak et al. (1994) reported that a 2-line 

crossbreed (NH)) fed with 20-18% dietary protein and 2,800 kcal ME/kg 

demonstrated the best feed utilization efficiency (2.98); thus feed cost per gain 

was lowest (Bt17.42/kg) when fed with 16-14% dietary protein and 2,800 kcal 

ME/kg. Nasakul (1992) concluded that suitable levels of protein content for a 2-

line crossbreed (NR) at 0-6 weeks and 6-16 weeks were 18% and 14%, 

respectively. A decrease of protein level from 20-18% to 18-14% had no effect 

on feed intake at 0-6 weeks. However, there was a significant difference at 7-16 

weeks; feed intakes were 8,352 g for the native chicken and 7,660 g for the 

Rhode Island Red. Intarachote et al. (1996a) compared the growth of a 2-line 

crossbreed (75% NNS), 3-line crossbreed (NSB) and a 4-line crossbred (NSRB). 

These chickens received the same diet with ad libitum feeding. Feed utilization 

efficiency of NNS, NSB and NSRB for the overall growth stage of 0-12, 0-16 

and 0-20 weeks was 2.52, 3.26 and 2.49; 2.96, 4.06, 2.72 and 3.54, 3.79 and 3.31, 

respectively. The study recommended that NNS and NSRB could be slaughtered 

at 16 weeks because growth and feed utilization efficiency declined after 20 

weeks, whereas NSB could be slaughtered at 20 weeks because it still exhibited 

better growth and feed utilization efficiency.  

 

A comparison of the feed utilization of native crossbreeds at the village level and 

on-station was conducted by Loupaibol et al. (1999). They reported that a 3-line 

crossbred native chicken (NRB) exhibited a better performance when raised on-

station because its feed conversion efficiency and quantity of feed intake was 

lower than chicks raised at the village level (chicks raised at the village level 

received lower quality of feed). The cumulative quantity of feed intake (0-10 

weeks) was 2,992.72, 3,293.50 and 3,427.72 g/bird for the chicks raised in 

village 1, village 2 and on-station, respectively. FCRs were 2.76, 3.42 and 3.43, 
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respectively. In addition Panja (2000) compared feed intake and feed utilization 

of a 3-line crossbreed produced by three suppliers (commercially): (1) Chai-aree 

Farm, (2) Tanaosri Farm and (3) the DLD. The chickens were fed with a diet 

containing 18% CP and 2,700 kcal/kg for four months. Feed intake and feed 

utilization were 54.82, 53.18 and 50.34 g/bird/day; 2.77, 2.69 and 3.11, 

respectively. The 3-line crossbred strains from Chai-aree Farm had the highest 

final weight (2,100 gm/bird), while those from Tanaosri Farm had the best FCR 

(2.69). Similarly Purintrapiban et al. (2004) reported that feed intake and feed 

utilization of a 3-line crossbreed (NRB) could be improved when supplemented 

by soybean meal with palm kernel cake for protein at a rate of 10-30%. All diets 

were nutritionally balanced to the same level of dietary protein (16%) and energy 

(2,800-3,000 Kcal ME/kg). The chickens were raised for 98 days. Feed intake 

and feed utilization efficiency between soybean meal and palm kernel cake at 

rates of 10, 20 and 30% were 80.81, 80.90, 78.06 and 81.40g/day; 3.52, 3.48, 

3.50 and 3.59, respectively. 

 

Chomchai et al. (1998a) reported that a 4-line crossbreed (NSRB) that received 

lower dietary protein (12.3%) had the lowest average daily feed intake (46.16 

g/day), significantly different to the feed intake of chicks which received 13.91, 

17.36 and 19.82% dietary protein – their feed intakes were 51.04, 52.02, 52.28 

g/day (P>0.05), respectively. Contrariwise, the feed conversion efficiency of 

chicks receiving high dietary protein (17.36% and 19.82%) were 3.49 and 3.45, 

respectively which was better than 4.25 and 3.87 of those receiving the lower 

level of dietary protein 13.91% and 12.13%, respectively. Similarly, the level of 

energy in diet affected average feed intake because chicks receiving lower 

dietary energy (2,207 Kcal ME/kg) had the highest average feed intake (56.97 

g/day) compared to highest energy (3,010 Kcal/kg) which had the lowest feed 

intake (45.85 g/day) – because they adjusted by increasing their feed intake to 

meet their energy requirement. Levels of energy in the diet affected feed 

conversion efficiency. Feed conversion efficiency was not significantly different 

among chicks which received 2,609 and 3,010 Kcal ME/kg (FCR: 3.65 vs. 3.44), 

however it was better than chicks receiving 2,207 Kcal Me/kg (FCR: 4.21) – 

significantly different at P<0.05. 

 

Chomchai et al. (1998b) compared the performance of a 4-line crossbreed 

(NSRB) with native chickens. Chicks received different levels of dietary protein 

of 18, 18-11 and 11%, and were reared in two different housing conditions (litter 

floor system and poultry run system). The NSRB had better feed utilization 

efficiency than the native chickens (2-16 weeks) because their feed intake (54.97 

vs. 35.26 g/day) was higher with lower feed conversion efficiency (4.35 vs. 5.06) 

compared to native chickens. Feed intake of chicks receiving higher dietary 

protein (18% and 18-11%) was higher than chicks which received lower dietary 

protein (11%). The growth stages of starters and growers require higher dietary 

protein for building up body tissue and organs so low-protein chicks grew slowly 

and were stunted. Chicks that received lower dietary protein (11%) after 8 weeks 

still exhibited normal growth and feed intake because they received sufficient 

protein during early stage (2-8 weeks). Feed conversion efficiency of chicks 
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receiving 18% dietary protein throughout 2-16 weeks was 3.67 which was better 

than 4.44 for the chicks which received 18% and 11% dietary protein during 2-8 

and 8-16 weeks, respectively. Feed consumption of chicks raised in the litter 

floor system (57.10) was significantly different (P<0.05) to those raised in the 

poultry run system (52.84) because chicks raised in the poultry run system 

received natural food found on the ground. Feed conversion efficiency between 

the litter floor system (4.37) and poultry run system (4.32) was not significantly 

different. However, the run system reduced incidences of cannibalism. 

 

2.10 Housing floor and stocking density 
 

Hartman (1992) found that mixed-sex day-old broiler chicks were allotted 54, 75, 

97 and 118 square inches of floor space per bird (29, 21, 16 and 13 birds/m
2
, 

respectively). The three lower stocking densities were significantly higher at 7-

week body weight and carcass weight than densities of 29 birds/m
2
. However, at 

six weeks of age, the best feed conversion occurred in broiler stocking density of 

29 birds/m
2
 whereas the poorest FCR was found in the lowest stocking density 

(13 birds/m
2
). The abdominal fat pad in the lowest stocking density (13 birds/m

2
) 

was significantly larger than that either 29 or 21 birds/m
2
. Mortality of chicks in 

the lowest and highest stocking densities was not significantly different. In 

addition, the highest stocking density demonstrated breast blisters and ammonia 

burns. Nevertheless, the highest stocking density gave the highest profit per unit 

of floor.  

 

Veldkamp and Middlekoop (1997) evaluated a new floor constructed with slats 

about 8 inches (20 cm) above the original floor; these were covered with an air-

permeable cloth and 1.5 to 2.5 inches (4-6 cm) of wood-shaving litter were 

applied on the surface. Fans were installed into the ventilated floor to circulate 

air through the litter and maintain moisture below 25%. Stocking density was 22 

birds/m
2
 at placement and chickens were raised to 42 days of age. There was an 

overall improvement of 3.3% in weight gain, 1% in feed efficiency and 10% 

mortality for the ventilated system compared to the regular litter floor. Thus the 

drier litter over the ventilated floor resulted in improved broiler health and 

carcass quality. The ventilated flooring concept is an environmentally friendly 

housing system that improves the performance of broilers, especially in summer 

and at high stocking densities. Economically, however, the system increased 

broiler production cost by 3%. However, stocking density could be changed 

according to the floor type and housing characteristics. The stocking density of 

broilers could be higher in the early stage and decreased subsequently as 

recommended by Oluyemi and Robert (1981) cited by Laohakaset (1997) who 

indicated that the stocking density of broilers for each growing stage of 1, 2, 3, 4, 

5, 6 and 7 weeks was 50, 40, 35, 28, 23, 20 and 18 birds/m
2
.  

 

The more intensive raising of crossbred native chickens, i.e. number of chicks 

per unit area was considered in order to improve growth and feed utilization. 

However high stocking density leads to the problem of cannibalism. Crossbred 

native chickens raised on a grass floor at the rate of 1 birds/3 m
2
 (0.33 bird/m

2
) 
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and 3 birds/m
2
 on a concrete floor was the most suitable stocking density as there 

were no significant differences among the crossbred chickens and rearing 

systems (Intarachote et al., 1996b). Chomchai et al. (1998b) raised 4-line 

crossbred chickens at a density of 1.7 birds/m
2
 in a poultry run system (with 

additional space) and a density of 5 birds/m
2
 in a litter system; there were no 

significant differences in growth and feed utilization. Raising 4-line crossbreeds 

by providing additional space in the pen had advantages in terms of healthier 

chickens and reduced cannibalism generated by space competition. Similarly, 

Chomchai et al. (1998a) stocked 4-line crossbred chicks at a density of 2.8 

birds/m
2
 and this was a suitable density on a litter floor. Loupaibol et al. (1999) 

stocked 3-line crossbred chicks at a density of 8 birds/m
2
 with ad libitum feeding 

using a rice-husk floor system at the village level and on-station. There were no 

significant differences in growth. 

 

There is constant economic pressure on poultry producers to reduce the cost of 

rearing poultry. One method is to rear broilers in cages rather than on the floor. 

Suggested cost reduction factors associated with raising broilers in cages include 

eliminating litter cost, reducing the cost of medication, improving the FCR, 

reducing housing cost by increasing bird density, controlling disease problems, 

reducing labor cost, decreasing incidence of bruising and reducing the cost of 

moving broilers to the processing plant (Reece et al., 1971). However the cage 

floor system has problems, i.e. breast blisters and leg weakness (Koonze et al. 

1963), leg abnormality, broken wings and bones. 

 

Akpobome and Fanguy (1992) evaluated the cage floor system for production of 

commercial broilers. The floor system consisted of three types of mesh (wire, 

steel and plastic), three types of perforated floor (wood, Styrofoam, and plastic) 

and three types of dowelling (rigid, rotating and padded). A solid wood floor 

with wood-shaving litter served as the control. Birds reared on wire-mesh floors 

experienced a significant reduction in live body weight at 6 and 8 weeks when 

compared with all other floor types tested. The remaining experimental floor 

types were comparable to the litter floor control group using body weight as the 

performance criterion. The mesh floor experienced the highest incidence of 

breast blisters. The incidence of wing breakage was significantly greater than leg 

breakage for all floor systems tested. Mortality was only a problem with birds 

reared on wire-mesh floors. The study suggested that a padded dowel floor 

system can be used to produce cage broilers of about 2,500 g in weight without 

leg or breast damage and that these birds will be equivalent to those currently 

produced by the industry on a litter floor system. 

 

2.11 Factors affecting the mortality of chickens 
 

Mortality of broilers in the tropics is higher due to heat stress from many factors, 

especially ambient temperature (Chaiyabutr, 2004). Ouart et al.(1990) reported 

that during heat stress and unrestricted feeding, the mortality of broilers was as 

high as 41%; similarly May et al. (1978) cited by Chaiyabutr (2004) found that 

for broilers exposed to 41°C for 4 hours, mortality could be as high as 60%. 
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Whereas in the rural areas of tropical countries, native or indigenous chickens 

mostly tolerate heat stress and have good adaptability to ambient temperature. 

Production could be upgraded by mating them with productive exotic stock that 

have possibly one or two major genes for heat tolerance (Gowe and Fairfull, 

1995). Genetic selection for increased growth rate and other growth-related traits 

leads to rapid increase in body weight, especially body fat at later ages. The 

modern diet may be the contributing factor to the increased incidence of late 

mortality in the modern strain, i.e. the cause of ascites-related mortality in 

modern fast growing broiler strains. This may associated with a decrease of the 

percentage of heart and lung size relative to body size. Thus, the increased levels 

of total body fat and fat around the heart may be factors that contribute to the 

higher death rate of modern broilers. Mortality and fat levels were also higher in 

birds on higher energy modern diets compared to old diets. Birds with high 

abdominal fat levels were observed to have a lot of fat throughout the visceral 

mesentery, around the heart (Harvenstein et al., 2003). 

 

The mortality rate of native chickens in Thailand was as high as 22.4% from day-

old chicks to 4 months of age. The hatched out chicks during March to August 

had higher mortality than chicks that hatched during other months (Choprakarn, 

1988). However, the survival rate of chicks without disease outbreak could be as 

high as 70-90%. The survival rate in the rainy season is generally lower because 

of high humidity, strong winds and fluctuating temperature which make chicks 

susceptible to respiratory disorders and other infectious diseases. In Thailand, 

outbreaks of Newcastle disease are more frequent in the rainy season than in 

other seasons. In contrast, outbreaks of fowl cholera, a disease that mainly affects 

mature birds, are most frequent in summer (Chantalakhana and Skunmun, 2002). 

The major factors causing high mortality of native chickens according to 

researchers were young age and seasonal change. In the transitional period from 

the summer to the rainy season, mortality was higher than the transition from the 

rainy season to winter and winter to the summer season. The main causes of 

mortality were disease outbreak, especially Chronic Respiratory Disease (the 

most difficult to prevent and treat), white feces (fowl cholera), external parasites, 

e.g. chicken body lice and mites, and internal parasites i.e. round worm 

(Ascaridia galli) and tape-worm (Kajarern et al., 1989). This corresponds with 

the study of Namdaeng (1990) who surveyed 17 provinces of northeastern 

Thailand. It was concluded that the major problems for raising native chickens 

were diseases and parasites which caused death among birds (about 65%) every 

year in almost every household. Moreover, 95% of the farmers had never treated 

or protected their native chickens from disease outbreak. The most vulnerable 

period of mortality was reported to be February to April, with a peak in March. 

The factors that appeared to affect the survival of the chickens during this period 

were (1) no vaccination, (2) no chicken housing and (3) inadequate provision of 

feed and water. Similarly, Loupaibol and Jitpraneechai (1999) indicated that all 

farmers reported high mortality of their chicks from diseases and parasite 

infection. However theft and dogs were other factors. The dead chickens were 

disposed of by either throwing the bodies into the jungle, by burying, burning or 

even eating. Most of the farmers had never received advice related to the 
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prevention of infections or the proper disposal of animals that died from diseases 

from any agencies. 

 

Chanthalakhana and Skunmun (2002) reported that Newcastle, fowl cholera and 

other diseases could wipe out the whole flock in a household in a short time. The 

study in northeast Thailand found that more than 96% of households had 

experienced the outbreak of an infectious disease; 89% of households reported 

outbreaks once or twice a year. During outbreaks, 93% of villages reported 

nearly total or total loss of chickens. The outbreaks could occur in any season, 

but most (63%) occurred during the summer (February to April), the rainy season 

(25%) and the cool season (12%). Most frequent outbreaks occurred in April 

(41%), May (15%) and March (11%) but outbreaks did occur all year round. 

 

The survival of crossbred native chickens raised at the village level was poorer 

than native chickens. Choprakarn (2000) reported that in a semi-intensive system 

(vaccination, supplementary feeding and household husbandry), the mortality of 

crossbred native chickens (30-40%) was higher than native chickens (25-30%). 

Mortality of crossbred native chickens could remain at 5-15% when they were 

raised on-station with similar management to native chickens (10-15%). This 

indicates that the survival rate of crossbred native chickens could be improved 

with better management. This evidence was supported by the study of Punyavee 

and Morathop (1996). They investigated the mortality rate of 2- and 3-line 

crossbred native chickens on-station. The study found that overall mortality (0-12 

weeks) of two types of 2-line crossbreeds (native chicken x Rhode Island Red 

and native chicken x Barred Plymouth Rock) was 6 and 6%, respectively. 

Whereas overall mortality (0-12 weeks) of 3-line crossbreeds (native chicken x 

Rhode Island Red x White Plymouth Rock) and (native chicken x Rhode Island 

Red x Barred Plymouth Rock) was 6% and 3%, respectively. The mortality of 

these crossbreeds was not significantly different (P>0.05). Intarachote et al. 

(1996b) found that cumulative mortality of 2-, 3- and 4-line crossbreeds during 

0-12 weeks was 2.27, 20.83 and 7.40%, respectively. The period needing most 

attention was 0-4 weeks because it had the highest level of mortality for the three 

types of chicken. Two-line crossbreeds had lower mortality because of the higher 

blood level of native chickens (75%) so they were easier to manage and had high 

resistance to a poor environment. The survival rates of 3-line crossbreeds raised 

at the village level and on-station were not significantly different. The results 

indicated that 3-line crossbreeds had higher resistance to rearing conditions 

although feeding management at the village level was poorer than on-station 

(Loupaibol et al., 1999).  

 

2.12 Disease prevention and vaccination constraints at the village 

level 
 

The most important diseases in Thailand are Newcastle, fowl cholera and fowl 

pox. These diseases have caused death at rates of 68, 52 and 17 of flocks, 

respectively (Rattanasettakul et al., 1984). Phalarak (1985) was satisfied with the 

performance of a 3-line crossbreed (native chicken x Rhode Island Red x Barred 
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Plymouth Rock) compared with native chickens because vaccination reduced the 

mortality. He found that the mortality rates of 3-line crossbreeds and native 

chickens raised at the village level (with vaccination) in the northeast of Thailand 

were 15 and 11.3%, respectively. The major causes of death were fowl cholera, 

fowl pox and accidents for native chickens, whereas Newcastle disease and 

respiratory system diseases caused higher mortality in crossbreeds (18.7%) than 

native chickens (11.3%). However unknown causes could account for 50% of 

total mortality. Mortality of crossbreeds (5.9%) due to louse and mite infection 

was higher than native chicken (0%). Vaccination was the key factor in chicken 

disease prevention in villages. Constraints were type of vaccines, farmers’ status, 

number of chickens and management techniques. 

 

Chantalakhana and Skunmun (2002) reported that 73% of households had never 

vaccinated chickens against disease. Villagers who vaccinated their chickens 

mostly obtained information from their neighbors (46%); only 27% received 

information from government agencies, and 18% from drugstores. No regular 

vaccination program was followed, and vaccination was generally done once a 

year. The major sources of vaccine were drugstores (73%) and government 

agencies (24%). About 64% of vaccines obtained from government agencies 

were bought by villagers, the remainder was obtained from government agencies 

free of charge. Government service for vaccination against infectious diseases 

appeared to be minimal, as indicated by the fact that among those who had ever 

used vaccines (27%), only 24% obtained the vaccines from a government agency 

(mostly through purchase). 

 

Ratanasetakul et al. (1984) also agreed that vaccination is the best method of 

disease control at the village level. They recommended that it was possible to 

vaccine native chickens simply, by combining vaccination regimes. At 7 days, it 

is possible to use Newcastle (strain-F) vaccine and infectious bronchitis vaccine. 

At 2 months, it is possible to use Newcastle disease vaccine (strain-MP) with 

infectious bronchitis vaccine, or combine infectious bronchitis vaccine and fowl 

cholera vaccine. Thus, farmers can vaccinate chickens effectively against most 

diseases (all vaccines simultaneously). Phalarak (1985) suggested that promotion 

is needed for native chicken vaccination and is an important task for the 

government, especially among extensionists. It is necessary to research and 

analyse farmers’ social problems for better understanding of their situations. 

 

2.13 Chicken carcass quality and affecting factors  
 

Carcass quality depends on consumer preferences (Smith, 1990). Poultry meat 

yield is an important economic consideration in production processing, further 

processing and marketing of poultry. Generally, yield is important to the 

producers and processors to maximize saleable return against production and 

processing expenses. Higher yields are invariably associated with improved 

efficiency and better profits. Early interest in poultry meat yields is associated 

with maximized production efficiency, improving carcass quality and 

maximizing processed yield. Factors affecting meat yield are genetics, diet, age 
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and sex and management (Fletcher and Carpenter, 1993). Selection of meat-type 

chickens previously focused not only on increased growth but also on improved 

carcass quality. In particular, emphasis has been on body composition, with 

higher breast and leg meat yield and lower abdominal fat. This focus responds to 

consumer desire for healthier meat, and to the evolution of the market through a 

rising demand for portioned and processed products. Profitability in broiler 

production is therefore largely determined by the possibility of increasing the 

proportion of prime parts in the carcass, mainly breast meat, and by reducing fat. 

Body composition can be significantly improved by selection, as shown by the 

high level of the heritability of the amount of meat, ranging from 0.40 and 0.65 

in the study of Le Bihand-Duval et  al. (1998) (cited by Le Bihand-Duval et al., 

1999). For abdominal fat, the heritability range was between 0.50 and 0.80 

(Chamber, 1990 cited by Le Bihand-Duval et al., 1999). 

 

Commercial selection of meat-type chickens has focused on increased growth 

rate and the percentage of prime parts in the carcass, with higher breast meat 

yields and lower fat (Tesseraud et al., 2003). Broilers, which are regarded as 

having high quality meat in western countries, are regarded as tasteless and not 

‘chewy’ enough in many African countries. Carcass quality is difficult to define 

objectively. However, if the birds are to be marketed in supermarkets, the breast 

muscles should be wide and deep. The fact that female and male carcasses are 

different in size (males grow faster than females and therefore their carcasses 

will be larger by the same age) is even an advantage because of consumer 

demand for a range of different carcasses and different weights (Smith, 1990). In 

addition to meat production industrially, uniformity is an important goal in the 

processing industry because it allows for more accurate food supply and cost 

prediction. Highly uniform flocks are managed efficiently due to the reduced 

range of nutrient requirements. Thus the processing of uniform flocks is more 

easily accommodated by automated processing equipment. High flock variability 

can lead not only to increased production cost but also to decreased market value 

(Vandegrift et al., 2003). 

 

Bunndy and Diggins (1968) described broiler meat of either sex to be tender and 

pliable with a smooth-textured skin and flexible breastbone cartilage. Most 

consumers buy dressed fowl or ready-to-cook fowl. Dressed fowl refers to birds 

which have been slaughtered, bled and have had the feathers removed. Dressed 

birds are usually sold as fresh-slaughtered poultry. Ready-to-cook poultry refers 

to birds that have been slaughtered and bled, and the feathers, entrails, head, feet 

and shanks have been removed. The gizzard, liver, heart and neck are usually 

wrapped in waxed paper and placed inside the carcasses. The factors considered 

in determining the quality of an individual carcass are: (1) conformation, (2) 

flesh, (3) fat, (4) absence of pinfeathers, (5) degree of exposed flesh resulting 

from cuts, tears and broken bones, (6) absence of skin discoloration, flesh 

blemishes and bruises, and (7) lack of freezing defects. Depending on the 

assessment of these criteria, the chickens are usually classified into three quality 

grades, i.e. A or 1 (highest), B or 2 and C or 3. 
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Increase in carcass yield per se is clearly linked to improvement in overall 

growth and body weight primarily via additive genetic variation. The existence 

of significant average heterosis for abdominal fat pad weight in a di-allel is 

suggestive of general genetic principle, perhaps related to the improved feed 

efficiency of a hybrid. Male hybrids exhibited a 29% decrease in fat pad weight 

while female hybrids exhibited a 7% increase (Barbato, 1992). Harvenstein et al. 

(2003) studied the yield of carcass parts in 1957 using Athens-Canadian 

Randombred Control (ACRBC) and the Ross 308 commercial broiler, which 

were fed diets that were representative. The study found that the yield of broiler 

carcass parts had continued to increase over time and genetics had been the major 

contributor to the change of yield. Genetics contributed about 85 to 90% of the 

differences observed in carcass and part yields. Nutritional changes accounted for 

10-15% of these differences. 

 

Carcass quality is mostly affected by poor litter quality, especially for the areas 

of the body having the greatest contact with litter, i.e., foot pads and breast. 

Major characteristic symptoms are foot pad burns, lesions or dermatitis, and 

pododermatitis. Foot pad burns are higher in females than males. Foot pad 

lesions can provide an open channel for entry of pathogens into the bloodstream 

leading to leg disorders. Wet litter leads to the incidence of foot pad blisters that 

can increase dramatically in a few weeks. Foot pads that are softened by contact 

with moist litter may be more susceptible to ammonia burns and abrasion by 

coarse or splintery litter material, leading to a higher incidence of blister. Fresh 

litter, in some instances, may actually contribute to more foot pad lesions than 

used litter. Breast blister presents another important carcass quality parameter of 

substantial economic significance to the poultry industry. Factors that contribute 

to all increased incidence of breast blisters are: increasing bird weight and age, 

narrow breast angle, lack of breast feathering, coarse litter materials, ammonia; 

wet litter results from inadequate ventilation, high relative humidity, low litter 

depth and high stocking densities. Unlike foot pad blister, males have a higher 

incidence than females. Breast trims were found to be higher in winter than 

summer according to Bilgii (1993) cited by Malone (1997). Maintaining moisture 

content of less than 25% will help to reduce foot pad and breast blisters. 

Managing litter moisture rather than managing litter is more effective in this 

respect. Additionally, available water activities (Aw) of the litter surface is 

another factor recently identified as having major implications in broiler 

production. Litter Aw is a measurement that is related to the relative humidity of 

litter and is a key factor in bacterial multiplication (Malone, 1997).  

 

Harvenstein et al. (2003) stated that the switch from the “normal” broiler strains 

that were being used in the late 1980s and early 1990s to the so-called meat-type 

or high yield broiler that is in current use resulted in a doubling of the percentage 

yield of breast meat. The total breast meat average at 43 days for the broiler 

strain in 1957 and 2001 was 11.6 and 20.0% live weight, respectively. Sae-tang 

(1998) reported that – for broilers and under tropical conditions – the portion of 

the carcass in relation to the live weight (around 81%) and the portion of 

abdominal fat (around 2.5%) did not differ with the dietary energy level of the 
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feed. Edward et al (1973) reported an increase of fat when poultry increased in 

body weight. Meat of male poultry had higher protein content than females at 42 

days. Male commercial broiler meat comprised total fat (17.9%) and protein 

(16.8%), whereas female broilers had total fat of 22.2% and protein at 16.3%. 

Priem-Ngu-luam (2000) determined the chemical composition of broiler 

carcasses at the age of 56 days. The contents of the main elements were moisture 

(61-62%), CP (16-17%) and crude lipid (16-17%). The breast meat of broilers 

contained moisture at 70-72%, protein at 24-26% and crude lipid at 0.92-0.96%. 

In broilers fed with supplements of methionine amino acid (single) and/or 

together with cystein amino acid, the protein content of the meat increased while 

the crude lipid content decreased, both in the whole carcass and the breast meat. 

In Africa, van Köster and Webb (2000) evaluated carcass characteristics of 

different types of native African chickens and commercial broilers (Cobb). The 

study found that the proportion of dressed carcasses of Cobb broilers was 

significantly higher (P<0.05) than native chickens. The carcass muscle content 

for most native lines was in the region of 55%. Native lines had low carcass 

yields mainly due to their slower growth; they had higher bone and lower fat 

contents than the commercial broilers. Native lines have not been selected for 

growth or carcass traits, but for household food security. The higher bone content 

in native chickens may be associated with adaptation to flight and scavenging. 

Thus the study concluded that some native breeds appeared to be the most 

suitable lines in terms of carcass characteristics, for low-input systems where 

poultry production is for household food security. 

 

Native chicken meat had a better result because the proportions of total fat and 

protein were suitable. Loupaibol et al. (1983) reported that the dressed carcass of 

native chicken was 85.4% while Toomsen (1988) measured the carcass portion 

for 16-20-week-old birds as 76.83%. Teerapantuwat et al. (1988) reported that 

the dressed carcass (Thai style) of native chicken with a body weight of 1,200 g 

was 78.41% with a meat portion of 36.07%. Thus, they found that there were no 

significant differences for different levels of protein. The dressed carcasses of 8, 

12, 16 and 20 week-old-chickens were 55.94, 62.70, 65.99 and 66.37%, 

respectively. The meat proportion of chicken increased according to the age of 

the chicken. For ages 4, 8, 12, 16 and 20 weeks the meat portions were16.46, 

26.60, 29.50, 36.05 and 33.82%, respectively. The meat proportion was highest 

for 16-week-old chicken. Isriyodom et al. (1993) found that the proportion of the 

whole carcass of native chicken at 16 weeks was not significantly different from 

Rhode Island Red and Barred Plymouth Rock (88.5, 83.6 and 86.1% 

respectively). Intarachote et al. (1996b) found that the percentage of the total 

carcass was higher at 12 weeks than at 16 or 20 weeks. However, the portions of 

legs and drumsticks increased with age. Therefore, the carcass of a Thai native 

chicken was still higher than the Famiyo strain (85.2%) and White Leghorn 

(84.8%). Thus, Intarachote et al. (1996a) compared the carcass quality of 

different types of crossbreeds with native chicken (i.e. Shanghai, Barred 

Plymouth Rock and Rhode Island Red –Barred Plymouth Rock) and found that 

there were no significant differences in carcass weight and quality. Slaughtering 

at 16 weeks provided the best economic return. 
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Chomchai et al. (1998b) studied the influence of the level of protein and rearing 

system on the production and carcass composition of native chicken and 4-line 

crossbreeds (Thai native chicken x Rhode Island Red – Barred Plymouth Rock, 

Shanghai) and found that 4-line crossbreeds had a higher growth rate, lower 

FCR, higher dressed carcass, higher protein content and less fat than native 

chickens. Punyavee et al. (2002) compared the carcass composition of native 

chicken, Shanghai and Rhode Island Red at different ages (i.e. 2, 3, 4, 5 and 6 

months). Thai native chicken had a higher percentage of dressed carcass than 

other breeds. Gender had no influence. Fast growing breeds (Shanghai and 

Rhode Island) had a higher proportion of thigh and leg but a lower proportion of 

breast than Thai native chicken, with slower growth. The percentage of edible 

visceral organs of the Thai native chicken was higher than for the faster-growing 

breeds. Rhode Island reached puberty at an earlier age and had higher abdominal 

fat as well as larger ovaries than the other two lines. Intarachote et al. (1996) 

reported that 20 weeks was a suitable slaughtering period for native chickens and 

their crossbreeds as they have the highest proportion of carcass meat. They found 

that a 2-line crossbreed (75% native chicken and Shanghai) had a higher 

proportion of meat (boneless breast meat) than a 3-line crossbreed (native 

chicken x Barred Plymouth Rock x Shanghai) and a 4-line crossbreed (native 

chicken x Shanghai x Barred Plymouth Rock x Rhode Island Red). The higher 

proportion of muscle in the carcass of the native breed created better taste and 

palatability. Thus, at 14 weeks, 4-line crossbreed meat had lower fat content, 

moisture and higher protein content than the meat of native chickens. However, 

the percentage of moisture and protein was not significantly different. The 4-line 

crossbreed had lower fat content in its meat than the native chicken. Thus the 4-

line crossbreed received the higher dietary protein level (18%) and had a higher 

proportion of protein in meat (Chomchai et al. 1998b). 

 

2.14 Commercial production systems and technologies used in 

Thailand  
 

Poultry production systems in many developing countries can be classified as 

intensive commercial systems or extensive/scavenger systems. The commercial 

units compare favorably with Western production standards, and are 

characterized by environmentally controlled housing, automated feeding and 

utilization of chicken strains selected for high production (van Marle-Köster and 

Nel, 2000). Smith (1990) stated that the actual development that has taken place 

has been in the organization of the poultry industry. Whereas historically all 

stages of production were controlled by different individuals or companies, there 

has been a tendency over the past 30 years for one firm (normally either a poultry 

breeding company or a food manufacturing company) to take over the whole 

industry from start to finish, i.e. from the egg to marketing of the dressed birds. 

This type of development is known as vertical integration. Every part of the 

industry can be closely monitored and supplies regulated to meet demands both 

in terms of quantity and quality. Hennry and Rothwell (1996) stated that 

technological change in the livestock industry is usually juxtaposed by capital 
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intensification. These developments can reduce – and eventually eliminate – the 

poor small-scale village-level livestock keepers. In Brazil, four integrators cover 

about 40% of the broiler market; the number of farms with less than 1,000 birds 

decreased by 25%, while the number of birds doubled (de Haan et al., 2001 cited 

by de Haan et al., 2003).  

 

Thailand plays a major role in the world poultry meat market. However, the 

fluctuation of the market price of chicken (meat type) makes large-scale chicken-

rearing enterprises a risky business. Many rearers – especially those who are not 

financially strong – become contract rearers for larger companies in order to 

reduce the marketing risk. Although currently there is an increase in the number 

of contract rearers, in the near future the major share of the chicken-rearing 

business will be in the hands of only large-scale companies which control the 

complete production cycle (AOE, 1991). Chicken production in Thailand has 

been developing into an industry/business with high productivity and capacity to 

compete well on the international market. This is attributable to three main 

characteristics:  

1) The breeds of chicken have been improved significantly, both in terms of 

growth and meat quality; the most widely used chickens are commercial 

hybrids.  

2) Feed quality and feed manufacturing have been improved to meet the 

nutrient requirements of high-performance chickens.  

3) The management of chicken enterprises has adapted well to the 

requirements of the world market. However, at the moment, 80% of the 

poultry produced now comes from only 10 large vertically integrated 

companies, which supply feed and day-old chicks to medium and large 

producers under contract farming (de Haan et al., 2001 cited by de Han et 

al., 2003). 

 

Table 2.5 gives an overview of the characteristics of chicken production systems 

in Thailand. There are three types of producers, i.e. (1) independent rearers, (2) 

contract rearers and (3) company integrators (vertical integrators). Independent 

rearers have the highest risk in the business; contract rearers have a lower risk, 

but this usually depends entirely on the contract agreement. Normally the rearers 

have little influence on the contract conditions. 

 

Production technology is mainly used by large-scale companies. Chicken rearing 

in a closed system has been adopted in Thailand for over 10 years. The closed 

house system involves the controlling of environmental conditions in the housing 

to meet the requirements of the chicken, i.e. temperature, humidity, ventilation, 

wind speed and lighting. The purpose is to improve production efficiency. The 

advantages are manifold: (1) efficient disease and pest prevention, (2) increase of 

stocking density (for broilers up to 8-9 birds/m
2
; for parent stock up to 5-6 

birds/m
2
), (3) better feed-use efficiency, (4) reduced rearing period to 5 to 6 

batches per year, (5) higher average final weight of chicken, (6) better light 

control, (7) decreased mortality and (8) lower labor requirement. The cost of 

construction of a closed housing type tunnel with an evaporation cooling system 
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(10.0 x 72.0 x 1.9 m) and a diesel engine for electricity generation to stock 7,000 

broilers was estimated at Bt472,381. This was an initial fixed-cost investment of 

Bt67.48/bird. For the construction cost of the evaporation cooling system (10 x 

72 x 2.0 m) and direct farm electricity, the initial fixed-cost investment was 

Bt280,637 or Bt40.09/bird. The estimated production capacity was a stock of 

7,000 chickens per housing, raised over a 41-day period, with a final weight of 

1.97 kg/bird, an FCR of 1.89 (standard = 1.959), a 5% mortality rate and 6 

batches per year, with a return of Bt6.00t/bird. This would earn the rearer 

Bt40,000 per batch, i.e. an annual return of Bt240,000 (Isriyodom, 2000). 

 

Temperature and humidity control inside the housing is important for adequate 

development of the chickens. During the first 21 days the suitable temperature 

range is 30-35ºC with humidity between 55-80%. After this, the temperature 

should be between 20-30ºC with 60-90% humidity. The feeding standard (Table 

2.6) ensures that the chickens receive adequate nutrition according to age and 

breed. Critical periods for an adjustment (i.e. increase) of feed supply are 0-7 

days and 28-30 days. These are important periods for the growth of the bones. If 

the chickens grow too fast or become too fat during the first period, this may 

cause leg problems. Feeding should also not be more than 10% below the 

standard, especially during the first 21 days. Otherwise, the chickens will become 

stunted and the immune system will not function well, leading to higher 

incidence of diseases. Normally, broilers drink water at the rate of 100-120 

ml/bird/100g of feed intake – or 1.0-1.2 times of the total feed intake. In a closed 

housing system this will be 1.5-3.0 times of the total feed intake, depending on 

the climate. This also depends on the type of water-supply devices. With auto 

watering, this will be 1.2-1.5 times of the total feed intake. During periods when 

antibiotics are administered, drinking will decrease by about 10-30% of the 

normal rate. The monitoring of drinking water consumption is indispensable for 

closed housing chicken rearing systems (Pornrawee, 2003).  
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Table 2.6 Standard of feed intake, body weight and FCRs of broilers raised in 

closed housing (evaporation cooling system) (Pornrawee, 2003) 

 

 

Age (day) 

Feed cumulative 

per  

birds 

(g) 

Body weight 

per 

bird 

(g) 

Feed 

conversion 

ratio 

 

  7 

14 

21 

28 

35 

42 

49 

 

 

149 

472 

986 

             1,698 

             2,535 

             3,498 

             4,590 

 

 

167 

391 

705 

            1,087 

            1,489 

            1,896 

            2,324 

 

 

0.89 

1.21 

1.40 

1.56 

1.70 

1.84 

1.98 

 

 

2.15 Improvement and adoption of crossbreed native chickens 
 

As the population of Thailand has been increasing rapidly, native chicken supply 

has become a major constraint. Increasing productivity is necessary in order to 

produce enough food for consumers. To meet this demand, the native chicken 

rearing system has changed from the backyard approach to a more intensive and 

more commercial system. However, because of slow growth, attempts have been 

made to improve the production of native chickens by crossbreeding with pure 

breeds (Panja, 2000).  

 

Phalarak (1985) and Rattanpanya et al. (1989) stated that native crossbreeds were 

inferior to pure native chickens because of poorer disease resistance, high 

mortality, inadequate adaptation to the rural environment, poorer hatchability, 

neglect of and high mortality among chicks due to poor mother brooding and 

chick rearing. They also require good quality feed and they lack the scavenging 

behavior of pure native chickens. However, the advantages of raising crossbreeds 

with native chickens are their higher egg-laying rate and their faster growth. 

Nevertheless, they found that native chickens raised at the village level generally 

showed the same level of productivity as crossbreeds, but generally fetched 

higher market prices. Thus, native chicken have a higher resistance to diseases 

than common crossbreeds and commercial hybrids (Ratanasethagul, 1983). 

However, it is well accepted that village chickens are much smaller than 

commercial chickens at the same age. The genetic factor is also very important 

for the improvement of egg production and growth (Chantalakhana and 

Skummun, 2002).  

 

Currently, native chickens and crossbreeds have become popular among farmers. 

The DLD has launched a program to promote native chicken rearing in order to 

increase the production of native breeds. In the 8
th

 National Economic and 

Development Planning Program from 1997 to 2001, the DLD aimed to distribute 
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over a million day-old chicks to farmers (Leotaragul and Pimkamlai, 1999). 

Later, the DLD supplied 1.5-2.0 million day-old chicks of native chickens and 

crossbreeds to farmers from 2001 to 2003 (DLD, 2003). The general 

characteristics of the crossbreeds were similar to the pure native chicken, 

especially in their ability to utilize low-quality feed; but they grew faster, thus 

having a higher egg yield. Raising native crossbreeds for extra income, farmers 

usually feed them with a commercial diet with some additional feed available on 

the farm, such as rice bran, broken rice, and maize. Sometimes, only local feed is 

given (Leotaragul et al., 2000). Supplying crossbreed chicks has been a 

constraint in terms of quantity and distribution. Crossbreed chicks were available 

mainly in the research center and a few private hatcheries. Loupaibol et al. (1999 

a) recommended that strategies to improve the availability of one-day chicks at 

reasonable prices should entail the establishment of breeding and hatchery 

centers on a cooperative basis, and improved market channels. However, current 

supply of native chickens in the market is irregular. 

 

2.16 Native chickens production of small-scale farms  
 

2.16.1  Rearing systems for native chickens and their crossbreeds  
 

Commercial poultry production has become a successful and highly competitive 

enterprise in Thailand but backyard chicken raising in villages continues to share 

a fairly substantial portion of domestic chicken meat consumption. About 90-

95% of the rural households raise native chickens ranking from 5 to 50 birds per 

household (Chantalakhana and Skunmun, 2002). Farmers keep chickens either 

under the farm house, in a separate small structure or under the rice store. The 

major feed sources for native chickens are polished paddy rice and broken rice. 

Most farmers broadcast the feed on the ground; very few farmers use feeding 

trays. A single feeding per day is common. Drinking water is available either in 

simple basins or the chickens drink standing water available in patches near the 

house. Village chicken raising normally requires no cash input for breeding 

stocks, feed, medical supplies, etc. Breeding stocks are available from household 

chickens (Loupaibol and Jitpraneechai, 1999). Native chickens scavenge for 

natural feed – such as earthworms, termites, insects and green leaves – for 

protein and vitamins around the homestead or in the fields (Phoesri, 1984). The 

most popular area for chicken housing is under the house or rice storage, with 

pieces of bamboo railing for roosting during the night. Some villagers let their 

chickens roost in the trees. The chickens take care of themselves otherwise 

(Loupaibol and Jitpraneechai, 1999).  
 

The output in this system is low, with low egg production due to usually high 

mortality rates (Smith, 1990). Bunddy and Diggin (1968) recommended the 

improvement of free-range chicken rearing by providing range shelters. An area 

enclosed with wire netting will permit the confinement of chickens at night to 

prevent losses to predators. The range should be moved from time to time to 

maintain good sanitary conditions. There should also be plenty of fresh water and 
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ample feed. However, such a system needs additional feed which is often not 

available in poor communities.  

 

A study was made in Cambodia to compare free-range and fully caged chicken 

rearing systems under on-farm conditions with local and exotic breeds. Chickens 

– 30 of each breed – with an initial weight of about 500 g  were kept under (a) 

total confinement, (b) scavenging on a pasture and (c) scavenging in an 

integrated farm area with fruit trees, a bio-digester and duck-weed ponds. Until 

the end of the 70-day experiment – during the rainy season – only 9 of the exotic 

chickens survived compared with 24 of the local breed. Newcastle was the main 

cause of mortality although all birds were vaccinated against this disease. The 

nature of the area available for scavenging influenced the feed intake pattern of 

the chickens strongly when they had access to both energy-rich and protein-rich 

supplements. Like in Cambodia, birds with access to the integrated farm area ate 

significantly less ground soybean (8 g soybean/day or 2.7 g protein) compared to 

when the scavenging area was totally pasture (16 g/day), while the intake of 

broken rice was similar in both scavenging treatments (40-50 g/day). There were 

differences (P = 0.001) in the final live weight of the local chickens between the 

two scavenging treatments. Values were 1,390 g in the pasture group and 1,478 g 

in the biomass group compared with 667 g for the confinement group (Samnang, 

1998).   

 

2.16.2 Marketing system and economic benefits  
 

Marketing is important for generating income. Village chicken raising is a 

subsistence activity without cash cost; the total value of production is regarded as 

the net return. The main reason for selling chickens is the need for cash rather 

than the culling of excessive stock (Chantalakhana and Skunmun, 2002). Farmers 

market their poultry in two ways: 1) Selling the birds on a by-number basis. The 

consumers come from the village or the local market and the price of the chicken 

is negotiated. 2) Selling the birds by weight. Merchants from the town buy from 

the villages (Kajareon et al., 1988). The local buyers will sell these chickens to 

the Amphoe (District) merchants, who will then take them to the provincial 

market. The sale of chickens takes place any time in the year, but most sales 

occur from January to March, especially during February at the Chinese New 

Year. At this time, village chickens are in prime condition due to abundant feed 

supply after the rice harvest (Chantalakhana and Skunmun, 2002).  

 

In local markets, native chickens usually fetch higher market prices than 

commercial breeds. Price determination is based mainly on chicken body weight 

using the Chinese-type scale (Chantalakhana and Skunmun, 2002). Over the past 

15 years, the price of native chicken has been Bt27-35/kg live weight depending 

on the season or on the time of local or national festivals (Aaron et al., 1988). 

Currently the market price of native chicken is higher (Bt45-50/kg) than 

commercial broilers by almost 50% (Bt25-30/kg) (Panja, 2000). This makes 

native chickens a promising investment for low-income rural people (Chunjula, 

1998). Although native chickens grow more slowly than commercial hybrid 
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chickens (Panja, 2000), this is still an attractive investment to supplement family 

income or improve self-reliance. Commonly, the objective of rearing native 

chickens is for family consumption and therefore the number of birds reared is 

usually small with no apparent threat to the environment.  

 

In the free range system, feed cost for native chicken rearing is extremely low as 

the chickens are allowed to scavenge freely. Kajarern et al. (1988) conducted a 

study on native chicken rearing in five districts in northeast Thailand. Daily feed 

intake was about 22 g/bird/day (the range was 14.8-27.5 g), with a cost of 

Bt0.775/bird/day. The total feed cost over a fattening period of 16-18 weeks 

varied between about Bt8 and 9/bird, or Bt7.8 -7.9/kg live weight. Therefore,  the 

economic return for native chickens raised in a feedlot system in a confinement 

pen was investigated by Loupaibol et al. (1999). Production costs (excluding 

labor cost and depreciation cost of the housing) of the rearing unit at Khon Kaen 

University, Hin Tang Village and None Sawan Village were 36.49±0.78, 

42.89±4.53 and 43.46±4.98 baht per kg live weight, respectively. Feed costs 

were 77.42%, 74.63 and 74.00%, respectively while the cost of day-old chicks 

was 21.27%, 24.15% and 24.76 %, respectively.  

 

The economic return of native chickens on a research station by feeding them ad 

libitum with commercial layer feed was studied. Selling chickens at 16 weeks 

(1,362 g/bird) gave the highest benefit (Bt12.98/bird); loss was incurred if the 

chickens were sold at 8 weeks (Bt-5.02/bird) when the selling price was Bt45/kg 

live weight. The study also found that 2-line crossbreeds (native chicken and 

Rhode Island Red) which were fed with the same diet reached the same 

marketable size earlier in 12 weeks (1,395 g/bird). For chickens over 1.5 kg, the 

crossbreed native chickens were fed with broiler commercial feed mixed with 

rice bran at the ratio of 50:50; they reached their weight in 16 weeks, therefore 

giving the highest profit per bird. Nevertheless, a 2-line crossbreed (native 

chicken and Rhode Island Red) could reach marketable size at 8 weeks when it 

received the commercial diet for broilers, layers and mixed feed (50% 

commercial broiler diet and 50% fine rice bran) (Leotaragul and Pimkamlai, 

1999).  

 

Improved rearing systems reduced feed cost as feed utilization efficiency was 

enhanced. For instance, Chichi et al. (1998a) found that rearing 4-line 

crossbreeds in pens and free-range had no significant difference in growth, but 

feed utilization efficiency in the pen was better so feed cost was lower. Four-line 

crossbreeds fed with 18% dietary protein had the lowest feed cost per kg body 

weight gain. The total feed costs at 2-14 and 2-16 weeks were Bt26.23 and 

Bt27.63/kg. However, extending the rearing period from 14 to 16 weeks, feed 

cost increased by Bt1.30/kg, except for the 4-line crossbreeds (fed with 18% and 

11% dietary protein for 2-8 weeks and 8-16 weeks, respectively); raised in the 

feedlot system, feed cost per body weight gain increase decreased at a rate of 

Bt0.76/kg.   
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Using local feed resources reduces feed cost for crossbreed rearing. Purintrapiban 

(2004) aimed to reduce feed cost for 3-line crossbreeds by using palm kernel 

cake at different feed levels. The study found that supplementary palm kernel 

cake could reduce feed cost per kilogram of body weight increasing at a rate of 

14.19, 13.2 and 13.26% when compared with soybean meal in the rations, with 

no effects on growth, feed intake and feed utilization. 

 

2.16.3 Problems and constraints  
 

In Thailand, native chicken production has been developing for over 30 years 

since the 5
th

 National Economic and Development Planning Program in 1977. 

Currently, the total number of native chickens varies between 100-120 million 

birds (Chantalakhana and Skunmun, 2002). Six million households raise native 

chickens with an approximate value of Bt5,000-7,000 million
2
 (Satyawadhana, 

2003). Ninety percent of these birds – and their eggs – are for household 

consumption. It is estimated that in future, the value will increase to Bt9,000-

10,000 million, with medium-scale farmers tending to raise more crossbreeds 

with native chickens (Choprakarn, 2003). In northeastern Thailand, the number 

of native chickens per household is very low, i.e. less than 30 birds. Only 5-10 

birds are for household consumption; around 10-20 birds are for sale. The return 

from the sale of chickens is only Bt300 (€6.3) per year or less than 1 baht per 

day. Home consumption is also very low and thus does not contribute 

significantly to human nutrition in the region (RDI/KKU, 1989). 

 

However, rearing native chickens has been overlooked as this is non market-

oriented production and the number per household is so small. However, daily 

village life depends on these chicken when quick cash or an instant source of 

meat for food is needed. Village chicken raising has not received sufficient 

attention from government extension service programs. State technical and 

husbandry services have never reached chickens in villages, mainly because 

village people lack bargaining power, economically and politically. Furthermore 

social and economic incentives for government officers are also lacking. At the 

same time, village people generally do not seek these services because they have 

been living without them for all of their lives. There are two major constraints to 

native chicken rearing: 1) high mortality rate due to infectious diseases; 2) low 

productivity. Problems in chicken rearing confronting farmers in villages can be 

summarized as: a) the loss of chickens due to infectious disease is around 50-

70%; b) the outbreak of diseases may not occur again in the same village in the 

next year; it is a rather uncertain event; 3) most farmers do not know about 

vaccines, and do not appreciate vaccination until there is a disease outbreak; 4) 

technical information, especially vaccination against diseases, does not reach 

farmers effectively; 5) it is too troublesome and uneconomical for an individual 

farmer to vaccinate his chickens due to village remoteness, lack of cold storage 

and insufficient number of chickens; 6) most farmers do not know standard 

practices for disease control, hence, disease can spread rather quickly; 7) 
                                                 
2
 Bt48  = €1.00 (April 2006) 
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available chicken feed or feedstuffs are generally of low quality – improvement 

in this aspect is not economically feasible; 8) most farmers produce their own 

chicken stocks (more than 70%) which reduce the chance for new introductions, 

and consequently induce inbreeding in the flock, resulting in regressed 

performance; 9) the extension of husbandry services to villagers is rather difficult 

due to poor farmer organization (Chantalakhana and Skunmun, 2002). 

 

Nevertheless, native chickens are still a minor component in the typical small-

holder farming system. Farmers’ priorities are rice cultivation, rain-fed field 

crops and livestock rearing such as beef cattle and buffaloes, and paid external 

labor. On-farm labor constraints are the major problem for chicken rearing in the 

village, especially during the cropping season. Farmers do not manage their time 

and labor efficiently, especially during peak labor-demand periods. A major 

problem with improvement of chicken rearing is the lack of cash to buy vaccines, 

chicken feed, etc. The improvement of native chicken rearing should focus on 

simple and low-cost technology that helps the farmers to improve their self-

reliance. Improved advisory services should be comprehensive, including all 

aspects of chicken rearing, e.g. farm-level breed improvement, vaccination, 

feeding, construction of simple chicken housing and marketing techniques. This 

would help the farmers to develop a more positive attitude towards native 

chicken rearing, eventually enhancing productivity and output from chicken 

rearing (Rattanawaraha, 1988). 

 

2.16.4 Improvement potential for native chicken rearing 
 

Although village chicken productivity is lower in relation to commercial chicken 

rearing, village chickens are a household resource which villagers can utilize 

effectively. The sustainability of native chicken rearing is also higher in terms of 

the adaptation of the chickens to poor feed resources and their disease resistance. 

Currently, flock management by farmers is already appropriate, and 

improvements should emphasize disease prevention and reduction of the 

mortality of chicks (Palarak, 1985). RDI/KKU (1989) recommended that 

improvement of native chicken production should first focus on increasing 

household consumption rather than commercial rearing.  

 

There should be a promotion strategy to convince farmers to participate in 

vaccination programs to prevent chicken disease outbreaks, e.g. Newcastle 

(Palarak, 1985). Attempts have been made to improve vaccination for native 

chickens at the village level. A study found that there were three factors affecting 

adoption by farmers: (1) because native chickens have a high general resistance 

to diseases, farmers felt it was unnecessary to vaccinate their chickens; (2) the 

usually small flocks of chickens make them less important to the household in 

economic terms and therefore the farmer does not consider it worthwhile to 

vaccinate; and (3) vaccines are often difficult to obtain and are definitely not 

available at the village level. It was suggested that improved availability of 

vaccines in the village may help promote the use of vaccines for disease 

prevention (Ratanapanya et al., 1989). Consequently, the DLD played a major 
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role in instructing veterinary personnel about the integration of women in poultry 

raising through a project conducted in the northeast by the Thai-German project 

“NERVRDC/TG-AHP”. The project aimed to improve poultry health and 

production in villages by introducing simple, inexpensive housing and feeding 

technology combined with vaccination and de-worming as preventive measures. 

This service is offered to farmers by selected and trained village keymen (KM) 

who must be male due to traditional beliefs that women cannot handle large 

animals like buffalo and cattle. Chicken rearing seems to fit with this prevailing 

social attitude concerning women, as chicks are small, easy to handle and are 

kept near the house. But as this poultry project is supervised by KM, their 

customers are mainly men with little interest in the nutritional aspects of poultry 

rearing. A study found that fewer women participated in native chicken rearing, 

but it was noticed that women were more enthusiastic and cooperative compared 

to men; moreover, women can monitor their own chicks very well, despite their 

poor literacy. But native chicken rearing is not exclusively a women’s approach 

as interest relies upon an individual enthusiast or family situation (Polpak et al., 

1992). A program is needed to improve native chicken raising through better 

dissemination of information on chicken raising, emphasize support to village-

level interest groups of farmers, establish native chicken markets in all provinces 

and conserve native chicken species. Although native chicken meat is popular 

among Thais, the chickens are not produced on a large commercial scale because 

they take longer to grow and provide less meat than commercially raised broiler 

chickens (Porn-Amart, 2003). 

 

2.16.5 Sustainable agriculture and livestock development  
 

The concept of sustainable agriculture originated from the fact that serious 

concerns for the survival of future human generations have received greater 

attention during the past decades, as environmental degradation, pollution and 

resource depletion have been on the rise juxtaposed by human population growth 

and demand for food. The concept of sustainable agriculture not only provides 

guidelines for agricultural research but also development, including related 

socioeconomic, political and administrative aspects. In Thailand, various 

agricultural systems such as natural farming, organic farming, NISA (no-input 

sustainable agriculture), LISA (low-input sustainable agriculture), integrated 

farming systems, new royally-initiated farming systems (self-sufficiency 

economy), and others, have been reported within the context of sustainable 

agriculture. All of these technologies are based on low external input use of 

locally available resources, less dependence on use of chemicals, minimum 

generation of pollution and conservation of the environment. Sustainable 

agriculture systems primarily emphasize the concept of self sufficiency for farm 

economy, while maximum productivity is not an absolute requirement. The 

concept of sustainable agriculture aims at optimum production with efficient use 

of external inputs as well as locally available or lower cost or renewable inputs. 

Where soil is poor, sustainable agriculture needs inputs such as chemical 

fertilizer, organic matter, humus, manure, and green manure. Some other 

examples of sustainable agricultural technology are IPM (Integrated Pest 
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Management), DAP (draught animal power), alley farming, agro-forestry, biogas 

production, utilization of wastes and byproducts as animal feed or fertilizer 

(Chantalakhana and Skunmun, 2002).  

 

Small-scale farmers in the rural areas are mostly people who are relatively poor. 

They are commonly deficient in basic knowledge and technical information, 

capital and credits, economic and political bargaining power, access to markets 

and necessary production inputs. They are highly disadvantaged being unable to 

upgrade or modify their traditional farming practices based on the strength of 

their existing knowledge. Animals provide a vital role in food production and for 

services; they can be secondary to the roles several species play for cultural 

needs. Animals provide a form of savings: poultry provide a short-term current 

savings account for daily small cash needs. Pigs or small non-ruminant animals 

serve as medium-term or semi-annual accounts to pay for relatively larger 

expenses such as clothes or educational needs for children. Large ruminants such 

as cattle and buffaloes serve as a long-term savings or permanent savings account 

to provide bigger amounts of cash for very important family needs e.g. purchase 

of land or a small tractor, expenses for children’s marriage or significant 

religious events. It is very common for village farmers to raise simultaneously 

backyard poultry, especially chickens and ducks, some pigs or small ruminants 

such as sheep and/or goats, and a few draught cattle and buffalo in the same 

household in order to meet multipurpose socioeconomic needs (Chatalakhana 

and Skunmun, 2002).  

 

2.16.6 Genetic conservation and improvement of native chickens 
 

During the past three decades, it is important to note the increasing trend of 

commercialization especially in poultry production. Many indigenous poultry 

breeds have disappeared from the production system. Some indigenous chicken 

breeds or strains have already become extinct, while other local chicken strains 

can only be found in villages and are in danger of extinction in the future. Most 

of these indigenous chickens are well adapted to local environments and 

widespread diseases and parasites. These genetic qualities are very valuable for 

future use. However, it has been observed that modern animal production in 

which a very narrow genetic base of exotic breeds is produced within a 

controlled environment has dominated a certain area of animal production and 

destroyed animal biodiversity in developing countries. Scientists in developing 

countries should slow down or stop the destruction of animal genetic resources. 

Some genetic resources such as the indigenous chicken can be maintained in situ 

through the promotion of village chicken production as in many countries these 

chickens receive higher prices than commercial broilers. Despite the fact that 

native chickens play a significant role in rural household economies, scientists 

have not paid much attention to the improvement of village chicken production, 

while almost all poultry scientists in developing countries are mainly concerned  
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with modern large-scale poultry enterprises. There is a need for scientists to work 

in the area of production and conservation of native chickens, not only to 

preserve animal biodiversity but also to protect some of these breeds from 

extinction generated by crossbreeding with introduced exotic breeds 

(Chatalakhana and Skunmun, 2002; Phalarak, 2001). 
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3 METHODOLOGY
 

 

3.1 Breeds and sources of chickens 
 

The experiments were conducted to evaluate performance traits of various breeds 

of chicken on the following characteristics: body weight, weight gain, feed 

consumption, feed conversion efficiency, mortality and carcass quality.  Four 

different types of chicken were tested. A: Commercial hybrid; B: 3-lines 

crossbreed; C: 4-lines crossbreed;   D: Native chicken.  Commercial hybrids: the 

day-old chicks were obtained from Centaco Company Ltd, Pathumthani 

Province. The hybrid from the Centaco Company is representative for the 

hybrids widely on the market. Three-line crossbreed: the day-old chicks were 

obtained from Kaset Farm Company Ltd., Samut Songkhram Province. It was a 

crossbreed between native chicken (50%), Rhode Island Red (25%), and Barred 

Plymouth Rock (25%)  Four-line crossbreed: The day-old chicks were obtained 

from Kaset Farm Company Ltd., Samut Songkhram Province. The of four-lines 

crossbreed used in experiment consisted of Rhode Island Red (12.5%), Barred 

Plymouth Rock (12.5%), Shanghais (25%) and native chicken (50%). Native 

chicken: The days-old chicks were obtained from the Faculty of Agriculture, 

Kasetsart University, Bangkok. 

3.2 Experimental design 

 

The experiments were arranged in a complete randomized design (CRD). There 

were two experiments. 

 

3.2.1 Experiment 1 There were three breeds (treatments) with two replicates 

(Figure 3.1). A: Commercial hybrid; B: 3-lines crossbreed; C: 4-lines crossbreed.   

The treatments in experiment 1 received feeding system 1 (commercial dietary 

feed for broilers) throughout the growing stages.  

 

3.2.) Experiment 2 there were the 4 breeds (treatments) (Figure 3.2). A: 

Commercial hybrid, B: 3-lines crossbreed, C: 4-lines crossbreed, D: Native 

chicken. 

The treatments A, B and C had 1 replicate; treatment D had 3 replicates. The 

growing period varied depending on the marketable weights specific to the each 

breed. The growing period for treatment A, B, C, and D were 7, 12, 12 and 20 

weeks, respectively. The treatments in experiment 2 received formulated feed in 

the research station. 

 

Pen no. 

 

Exp. Unit 

 

1 

 

A1 

 

2 

 

C2 

 

3 

 

A2 

 

4 

 

B1 

 

5 

 

C1 

 

6 

 

B2 

 

 

Figure 3.1  Design of experiment 1 
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Figure 3.2 Design of experiment 2 

 

3.3 Site and period of study 
 

The experiments were conducted on the Agricultural Research Farm of the Asian 

Institute of Technology. Experiment 2 was conducted during February to May 

2003; experiment 2 from July to November 2003.  

 

3.4 Housing management  
 

The chicken house was divided into 6 units (pens) of 5.625 m
2
 (2.25m x 2.50m). 

The pens were completely enclosed by steel netting (2.5 cm wire mesh). The 

floor was made of bamboo slats with diameters between 2.5 – 3.5 cm and gaps 

between the slats of 0.5 –1.5 cm. The floor was covered nylon net mesh with 2.5 

cm mesh size. This allowed chicken manure to pass through and accumulate 

underneath for collection. In the experiment, plastic sheet lining was used to 

receive the manure.  Electric lights supplemented natural light during the night, 

which was quite uniform during the experimental period. Against wind and 

rainfall, the chicken house was protected from all directions with blue plastic 

sheeting. The sheeting was lowered into place at 17:00 hours every day, and 

opened in the morning at 07:30 hours, except for windy or rainy days. The 

temperature was controlled by electrical fans that operated when the temperature 

rose above 32 °C. On a normal day, this was the case between 11:00 and 17:00 

hours. A washing room was available in the chicken house, next to the pens, for 

the cleaning of all equipment, e.g. feeding tray, racks, water bottles, etc. Tap 

water was used in the experiment. Feed was stored in a separate room in the 

chicken house. 

 

3.5 Stocking and chick rearing  
  

Two weeks prior to stocking, the housing was sprayed with disinfectants and the 

ground below and surrounding the housing was limed. Feet dipping was done 

during the stocking of the pens. Each pen (experimental unit) was stocked with 

51 mixed sex  one-day-old chicks. The stocking density was 9.28 chicks per m
2
. 

They were brooded in plywood boxes of one m
2
 with a height of 0.45 m. For 

each pen there was one brooding box. The inside the box was divided to 2 

chambers to provide a warm room and a cool room. The brooding chicks could 

access each chamber freely through a hole in the partition. A layer of about 5 cm 

of rice husk was placed inside the boxes as insulation and filter material. One of 

the chambers was provided with an electrical lamp (100W), which was placed 

about 15-20 cm above the floor. Feeding and watering devises were placed inside 

the other chamber for easy and unlimited access to feed and water. At 7 days, all 

Pen no. 

 

Exp. Unit 

1 

 

A3 

 

2 

 

D2 

 

3 

 

C3 

 

4 

 

D1 

 

5 

 

B3 

 

6 

 

D3 
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chicks were wing-band tagged and weighed for the first time (initial weight). The 

number of chicks was then reduced to 50 chicks per pen (i.e. stocking density of 

8.9 birds per m
2
). Chicken tagging was done in order to enable the monitoring of 

each individual chicken throughout the growing period. During the three weeks 

of brooding, continuous lighting was provided for 2 weeks, thereafter lighting 

was only provided at night. At the end of week 3, the brooding boxes were 

removed. For treatment A, the boxes were emoved after 2 weeks because of the 

fast development of the chicks (hybrid broilers). During the period of brooding, 

the chicks were vaccinated according to the recommendations of the Department 

of Livestock Development (DLD) and de-beaked with an electric de-beaker at 10 

days after stocking.  

 

3.6 Feed and feeding management 
 

Feed and feeding was similar in all experimental units (pens) of the same 

experiment. The chickens were fed ad libitum over the entire growing period. 

They were encouraged to feed as much as possible throughout the day and the 

night. Feeding frequency was 2 times a day in the morning (08:00 h) and in the 

afternoon (16:30 h). During the first 3 weeks, the chicks were fed 3-4 times a 

day. The amount of feed remaining in the morning and afternoon was monitored 

in order to increase or to reduce the quantity for the next day. The watering 

devices were cleaned and refilled twice a day. Vitamins and minerals were 

provided through the drinking water for 3 weeks. Two types of feed were tested, 

i.e. ‘feeding system 1’ for experiment 1 and ’feeding system 2’ for experiment 2. 

 

3.6.1 Types of feed 
 

A  – Feeding system 1: Feeding system 1 was commercial feed for broilers 

normally available in the market in pelleted form. Three different rations were 

fed, depending on the growth stages of chicken. During the first stage (0-3 

weeks), the feeds contained 21% crude protein. For the second stage (4-6 weeks), 

the protein content was decreased to 19%. During the third stage (over 6 weeks) 

the crude protein content was 17%. Table 3.1 gives details of the feed 

composition of the commercial feed. 

B – Feeding system 2: Feeding system 2 was composed for the experiments. It 

contained maize as a typical on-farm available feed and mixed with commercial 

feed for broiler. The composition of the feed varied depending on the growth 

stage.. The maize was purchased as whole grain and grinding was done at the 

experimental site with a small grinding machine. For the first growing stage the 

maize was ground twice to obtain a finer maize meal. From week 6 onwards, the 

grains were only broken (4-5 pieces per grain). The ground maize then mixed 

with commercial fed for broiler at different ratio as show in table 3.2. Feed was 

prepared weekly.  
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Table 3.1 Formulation of feeding system 2 (*: By weight) 

 

Mixing proportion*  

Feed characteristics 0-3 weeks 4-5 weeks 6 weeks up 

Commercial broiler feed (%) 70 50         30 

Ground maize (%) 30 50         70 

Total (%)         100         100       100 

 

3.6.2 Nutrient composition of the feeds used in the experiments 
 

Nutrient compositions of the experimental feed in feeding system 1 and feeding 

system 2 were analyzed using the standard method of proximate analysis. The 

results are presented in table 3.2. Feeding system 1, the three diets consisted of 

combinations of protein (% of DM) to gross energy (Kcal/kg) of 20.8:3649, 

18.9:3441 and 17.2: 3608, with E:P ratios of 175.43, 182.06 and 209.76 Kcal/g 

protein. The three growing stages receiving different diet compositions were the 

periods of 0-3, 4-6 and 6-12 weeks. The feeding system was formulated and 

manufactured by a commercial feed-mill according to standard nutrient 

requirements for hybrid broilers.   

 

Feeding system 2 The nutrient composition was lower than for the commercial 

diet. There were three levels of crude protein (% of DM): gross energy (Kcal/kg) 

combinations, i.e. 17.1:3680, 15.2:3623 and 2.7:3636 with E:P ratios of 215.29, 

238.35 and 290.88 Kcal/g protein, respectively. Feeding system 2 was fed to the 

chicken for the same periods as feeding system 1. 

 

Feeding system 1 consisted of different dietary protein levels of 21%, 19% and 

17%   and feeding system 2 consisted of 17%, 15% and 12 % dietary protein for 

the growing stages of 0-3 weeks, 4-6 weeks and 7 weeks onwards until slaughter 

weight was reached. For feeding system 1, the feed analysis showed that each 

ration contained crude protein (CP)  (% of DM) and gross energy (GE) (Kcal 

GE/kg) of 20.8:3649, 18.9:3441and 17.2:3608; with energy: protein ratios (E:P) 

of 175.43, 182.06 and 209.76 Kcal/g protein, respectively. Feed system 1 was 

formulated and manufactured by a commercial feed-mill according to hybrid 

broiler requirements. Feeding system 2 contained crude proteins (% of DM): 

gross energy (Kcal GE/kg) of 17.1:3680, 15.2:3623, 12.7:3636, and E: P ratios of 

215.29, 238.35 and 290.88 Kcal/g protein. According to the nutrient requirement 

of broilers standardized by NRC (1994) for the growing stages of 0-3 weeks, 3-6 

weeks and 6-8 weeks, the dietary protein requirement was 23%, 20% and 18%, 

respectively, with 3200 Kcal ME/kg feed for all growing stages. 
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3.7 Vaccination program  
 

The chickens were vaccinated following the schedule shown in table 3.3. The 

vaccination program developed based on Chinrasri (2004)
1
 and Kaset Farm 

(2004)
2
 

 

Table 3.3 Vaccination schedule 

 

Vaccines Age of chickens 

(days) 

Method of vaccination 

 

Newcastle and Infectious 

Bronchitis vaccine 
1
 

 

  5 

 

Dropping 

Gumboro vaccine 
1
 10 Dropping 

Fowl pox vaccine 
2, 3

 21 Wing web 

Fowl Cholera vaccine 
2, 3

 30 Intramuscular injection 

   

Note: 
2
 for native chickens and native crossbreeds only 

 

3.8  Data collection 

 

Determination of body weight 

Body weight (BW) of each individual chicken was monitored from initial 

stocking to the day of slaughter following the sampling program shown in table 

3.4. As a routine, the weighing started at 15:00 h. from pen no 1 to pen no 6. 

Before weighing, feeding was stopped around 10:00 h. Weighing was done with 

a digital balance with a resolution of 1 g.  

 

Determination of feed intake 

Feed intake (FI) was measured at the same times as the body weight (see table 

3.4). From the feed intake (FI), the feed conversion ratio (FCR) and feed 

conversion efficiency (FCE) were determined.  

 

Sex identification 

For each chicken the sex was identified on the final day of weighing by external 

characteristics, such as comb, feather color and body shape. 

 

Mortality 

Mortality was recorded. The dead birds were weighed and the primary symptoms 

diagnosed to identify the cause of death. The dead birds were not included for 

calculating the feed consumption, feed conversion ratio, and other growth 

performance indicators, e.g. weight gain and average daily gain.   
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 Determination of carcass quality 

At slaughtering, sample birds were processed to determine the carcass quality. 

Depending on the type of chicken and the marketable body weight, the 

slaughtering ages were 7 weeks (commercial hybrid), 12 weeks (3-lines and 4-

lines crossbreeds) and 20 weeks (native chicken). After the final weighing 

(evening before slaughtering), the chickens were not fed for at least 12 hours 

before slaughtering. From each experimental unit (pen), three males and three 

females were randomly selected. All samples were weighed, slaughtered and 

allowed to bleed out. The slaughtered chickens were weighed again and then 

scalded in hot water (about 70°C) for 1-2 minutes so that the feathers could be 

easily removed. The washed and de-feathered chickens were weighed again 

before eviscerating the gut and the other internal organs. The chickens then 

remaining were called “total carcass”. From the total carcass, the legs (thigh and 

shank), the head and neck were then removed. The remaining body was called 

“dressed carcass”. The gut system and the other internal organs (visceral organs) 

were also weighed and then separated. Then, liver, gizzard, heart, spleen, 

intestine, and the abdominal fat pad were weighed separately. The dressed 

carcasses were separated into the different ‘marketable’ parts (cut up), i.e. back, 

drumstick, thigh, total wing (wing stick, tulip wing and end of wing. From each 

part the skin was removed, and meat, bone and fat separated and separately 

weighed. 

 

3.9 Laboratory tests 

 

Samples of the feed and feed ingredients were analyzed for nutrient composition 

using the standard proximate analysis techniques (Association of Official 

Analytical Chemist: AOAC, 1994). The parameters measured (see tables 3.1 

and 3.2) were dry matter (DM), moisture contents, crude protein (CP), Ether-

extracted crude lipid (EE), crude fiber (CF), nitrogen free extract (NFE), ash, 

calcium (Ca) and phosphorus (P). The results were expressed on a dry-weight 

basis (% of DM). Gross energy was calculated from the energy content in the 

nutrients, i.e. 5.2 cal/g of CP, 9 cal/g Crude Lipid and 4 cal/g of NFE. 

 

3.10 Data analysis  

Data processing and analysis 

The computer software used for the data analysis was SPSS, version 11. All data 

– from stocking to slaughtering– were tabulated and arranged by tag number, so 

that the development of each chicken and its growth performance could be 

followed individually. Chickens that died during the experiment were excluded 

from the dataset. From each pen (experimental unit), a random sample of 36 

chickens (18 males and 18 females) –72% of the flock of each pen– was used for 

data analysis. 

 

The general statistical test used was means comparison by the least significant 



 

 65

 

difference (LSD) method, with p≤0.01. For the growth performance, feed 

utilization performance and carcass quality assessment, an analysis through the 

models for trait performance was done. 

 

Growth performance 
 

The following general model (Model 1) was used to identify the effects of 

breed and sex on the dependent variables in each experiment.   

 

Model 1: Yijk = µ + Bi + Sj+Rk+BSij+eijk 

 

 Where: 

  Yijk = Observation value 

μ  = Overall mean 

Bi  = Effect of breed (i = A, B and C for experiment  1; 

  A, B, C and D for experiment 2) 

Sj = Effect of sex (j = male and female) 

Rk = Effect of replicates (k = 1,2,3,…,36) 

BSij = Effect of interaction of breed and sex 

eijk = Experimental error 

 

To determine the effects of the feeding system on growth performances the 

following model (Model 2) was applied. There were 3 breeds to compare. The 

observed values from breed A, B and C were the average of experimental unit by 

sex and sequenced (A1 and A2; B1 and B2; C1 and C2)   

 

 Model 2: Yijkm = µ + Fi + Bj+ Sk + Rm+FBij+ FSik + BSjk + FBSijk + 

eijkm 

 

 Where: 

  Yijkm = Observation value 

μ  = Overall mean of Experiment 1 and 2 

Fi  = Effect of feed system (i = feed system 1 and feed 

system 2) 

Bj = Effect of breed (j = A, B, C ) 

Sk =    Effect of sex (k= male anf female) 

Rm = Effect of replicates (k = 1, 2, 3,…, 36) 

FBij = Effect of interaction of feed system and breed 

FSik = Effect of interaction of feed system and sex 

BSjk = Effect of interaction of breed and sex 

FBSijk = Effect of interaction of feed system, breed and sex 

eijkm = Experimental error 
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Growth analysis prediction model 

Following Tzeng and Bercker (1981; cited by Aggrey, 2002), a polynomial 

regression model was used to fit the growth data. Polynomials have greater 

flexibility than simple regressions because they can encompass data that exhibit 

behavior in one region that may be unrelated to behavior of another region 

(Aggrey, 2002).  

Feeding utilization performance 

 

Feed consumption was recorded as feed input and remaining feed at the final day 

of monitoring. Total feed intake per pen and per period were computed 

throughout the growing stages. Feed intake per bird per day was computed by 

total feed intake divided by the number of chickens and the total days for each 

stage.  

Analysis of Variance was done to test the breed performance for each feeding 

system. Statistical analysis used Model 3. 

  

 Model 3: Yij = µ + Bi + Rj+eij 

 

 Where: 

  Yij = Observation value 

μ  = Overall mean  

Bi  = Effect of breed (i = A, B and C for experiment  1;   

            A, B, C and D for experiment 2) 

Rj = Effect of replicates (j = 1, 2) 

eij = Experimental error 

 

To test the influence of the feed system and breed on feeding performance, the 

general Model 4 was used. 

 

 Model 4: Yijk = µ + Fi + Bj+ Rk+FBij+ eijk 

 

 Whereas: 

  Yijk = Observation value 

μ  = Overall mean of Experiment 1 and 2 

Fi  = Effect of feed system (i = 1, 2) 

Bj = Effect of breed (j = A, B and C) 

Rk = Effect of replicates (k = 1,2) 

FBij = Effect of interaction of feed system and breed 

 eijk = Experimental error 
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Carcass quality 
 

To test the influence of breed and sex on carcass quality, the general Model 5 

used for all experiments.  

  

 Model 5: Yijk = µ + Bi +Sj+Rk+BSij+eijk 

 

 Whereas: 

  Yijk = Observation value 

μ  = Overall mean 

Bi  = Effect of breed (i = A, B and C for experiment 1;                            

   A, B, C and D for experiment 2) 

Sj = Effect of sex (j = male and female) 

Rk = Effect of replicates (k = 1, 2 and 3) 

BSij = Effect of interaction of breed and sex 

eijk = Experimental error 

 

Effect of feeding system 
 

To determine the effects of the feeding system on carcass performance the 

following model (Model 6) was applied. There were 3 breeds to compare. The 

observed values from breed A, B and C were the average of experimental unit by 

sex and sequenced (A1 and A2; B1 and B2; C1 and C2)   

 

 Model 6: Yijkm = µ + Fi + Bj+ Sk + Rm+FBij+ FSik + BSjk + FBSijk + 

eijkm 

 

 Where: 

  Yijkm = Observation value 

μ  = Overall mean of Experiment 1 and 2 

Fi  = Effect of feed system (i = feed system 1 and feed 

system 2) 

Bj = Effect of breed (j = A, B, C ) 

Sk =    Effect of sex (k= male and female) 

Rm = Effect of replicates (k = 1, 2, 3) 

FBij = Effect of interaction of feed system and breed 

FSik = Effect of interaction of feed system and sex 

BSjk = Effect of interaction of breed and sex 

FBSijk = Effect of interaction of feed system, breed and sex 

eijkm = Experimental error 
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4 RESULTS 

 

4.1 Feeding system 1: Commercial feed 
 

4.1.1 Growth performance of the chickens   
 

The results of the analysis of the growth performance of the three breeds of 

chicken fed with feeding system 1 using statistical Model 1 is shown in Table 

4.1. During the first 7 weeks of the growing period, all three types of chicken 

grew significantly different (p≤ 0.01); i.e. the average body weight of the hybrid 

broiler chicken, 3-line and 4-line crossbreeds were 2506, 659 and 779 g per bird, 

respectively. The 4-line crossbreed clearly showed significantly higher weight 

gains (p≤ 0.01) than the 3-line crossbreed for the entire growing period (0-12 

weeks), i.e. mean weight gains were 1486.64 and 1334.78g per bird, respectively. 

During the weeks 3-5 and 5-7, the weight gains between 3-line and 4-line 

crossbreeds were slightly different and the differences were not significant (p> 

0.01). However, the trend of weight gain of the 4-line crossbreed was higher. The 

sex of the chicken influenced the weight gain for all breeds. From the age of one 

week onwards, males had a higher body weight than females for all growth 

stages (p≤ 0.01). The interaction between breed and sex had an effect on the 

growth of chicken during first 0-7 weeks (p≤ 0.01). The females of the hybrid 

broilers grew faster than both sexes of the crossbreeds. There was no interaction 

between breed and sex on the growth rate of the two crossbreeds (p≤ 0.01)  

 

The average daily weight gain (ADG) –a parameter, which indicated the rate of 

daily growth of individual chickens–, was related to weight gain. The results of 

the analysis of ADG using statistical Model 1 are presented in Table 4.2. During 

the first week, the growth rates of the 3-line and 4-line crossbreeds were 

extremely low at the rate of 3.88 g and 6.03
 
g per bird per day, respectively. 

During the same period, the growth rate of the hybrid broilers was 20.80 g per 

bird per day (p≤ 0.01). The hybrid broilers had significantly better growth 

performance than the other 2 types during the first 7 weeks after the hybrid 

broilers reached slaughter weight (p≤ 0.01) with an overall ADG of 51.15 g per 

bird per day. The highest growth rate of hybrid broilers was found during the 

period 3rd-5th week, reaching 65.00 g per bird per day. For the overall growing 

period (0-12 weeks), the 3-line crossbreeds had a growth rate of 15.89 g per bird 

per day which was considerably lower than the 4-line crossbreeds (17 g per bird 

per day) (p≤ 0.01). The highest ADG of the 3-line and 4-line crossbreeds was 

found during week 5-7 at the rates of 20.38 and 22.83 g per bird per day, 

respectively. As expected, the ADG of the males –from week 1 onwards– was 

higher than the ADG of the females. The interaction between breed and sex had 

an effect on weight gain of the chickens during the first 7 weeks (p≤ 0.01). 
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4.1.2 Feed utilization efficiency  

 

Feed intakes of chicken fed with feeding system 1 –analyzed using statistical 

Model 3– are presented in Table 4.3. There were highly significant differences in 

feed intake among the breeds of chicken from the beginning until the 7
th

 week of 

the growing period (p≤ 0.01). The daily feed intakes of the hybrid broilers, the 3-

line and 4–line crossbreeds were 108.03, 31.66 and 35.42 g per bird per day, 

respectively. Hybrid broilers had a higher rate of feed intake than the crossbreeds 

chickens (p≤ 0.01). Nevertheless, there were no significant differences in the 

quantities of feed intake among the crossbreed chickens throughout growing 

period (p>0.01). However, the feed intake of the 4-line crossbreeds tended to be 

higher than that of the 3-line crossbreeds, except during the first week when the 

4-line crossbreeds had a higher feed intake than the 3-line crossbreeds (p≤ 0.05). 

 

Feed efficiency was expressed as Feed Conversion Ratio (FCR). The analysis 

was made using statistical Model 3. The results are presented in Table 4.4. FCR 

of all breeds of chicken were significantly different in week 0-1 and week 2-3 

(p≤ 0.01). Hybrid broilers had the lowest FCR (1.09) with the best of FCR 

(91.74%) significantly different from the 4-line crossbreeds (p≤ 0.05) and also 

significantly different from 3-line crossbreeds (p≤ 0.01). Among the crossbreeds, 

there were significant differences at the level of p≤ 0.05.  During the period of 0-

7 weeks, the FCR of hybrid broilers, 3-line and 4-line crossbreeds were 1.99
,
 

2.31 and 2.20
,
 respectively, which were not significantly different (p> 0.01). 

During the period of week 7-12 and 0-12, there were no significant differences in 

FCR among the crossbreeds (p≤ 0.01).  However, the 4-line crossbreeds gave a 

slightly lower FCR than the 3-line crossbreeds for all growing stages (p> 0.01). It 

was shown that the 4–line crossbreeds had better feed utilization than the 3-line 

crossbreeds.
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Table 4.3 Feed intake of chickens at each growth stage, feeding system 1 
 

Breed of Chicken 

Hybrid
1 

3-Line 

Crossbreeds 

4-Line 

Crossbreeds 

 

Growth 

Stage 

(week) 
(g/bird/day) ±SD 

 

Significance  

    level 

 

0-1 22.31±1.39
A 

 5.15±1.15
c 

 9.48±0.20
b 

** 

2-3 70.87±6.98
A 

22.59±0.45
B 

21.38±1.82
B 

** 

4-5 130.17±6.02
A 

37.57±1.22
B 

41.63±2.52
B 

** 

6-7 150.98±3.66
A 

47.46±1.30
B 

55.06±1.40
B 

** 

8-9  59.03±4.29 63.39±3.03 ns 

10-11  66.76±5.32 70.58±1.82 ns 

12  76.58±0.01 78.14±1.41 ns 

     

0-7 108.03±6.50
A 

  31.66±0.01
B 

  35.42±1.27
B 

** 

8-12   58.40±4.74  60.56±1.94 ns 

0-12   47.08±3.38  49.50±1.67 ns 
g: Gram; B: Breed; S: Sex  
1
: hybrids reached slaughter weight at 7 weeks  

Different letters within growth stage (same row) show significant differences between 

types of chicken at the 0.05 level (*, with a, b, c) and at the 0.01 level (**, with A, B, 

C); 
ns

: Non significant 

 

Table 4.4 Feed conversion ratio (FCR) of chickens at each growth stage; 

feeding system 1 
 

Breed of Chicken 

Hybrid
1 3-Line 

Crossbreeds 

4-Line 

Crossbreeds 

Growth 

Stage 

(week) 
(g feed/g live weight) ±SD 

Significance 

level 

0-1   1.09±0.06
 C 

1.82±0.07
A

 1.64±0.18
b
 **

2-3   1.58±0.13
 C

 2.17±0.02
A

 1.80±0.89
 b
 **

4-5 1.98±0.10 2.32±0.08 2.34±0.13
 

ns
6-7 2.63±0.62 2.42±0.01 2.48±0.31 ns
8-9 3.04±0.13 2.96±0.06 ns

10-11 3.71±0.04 3.50±0.07
 

ns
12 4.91±0.20 4.31±0.23 ns

 
0-7 1.99±0.14 2.31±0.02 2.20±0.04 ns
8-12 3.63±0.08 3.41±0.03 ns
0-12 2.94±0.05 2.78±0.04

 
ns

g: Gram  
1
: hybrids reached slaughter weight at 7 weeks  

Different letters within growth stage (same row) show significant differences between 

types of chicken at the 0.05 level (*, with a, b, c) and at the 0.01 level (**, with A, B, 

C); 
ns

: Non significant at the 0.01 level 
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4.1.3 Carcass quality 
 

The analyses of variance related to the traits of carcass quality were done using 

the statistical Model 5. 
 

Composition of the total carcass 
 

The results and analyses of the composition of the total carcass for breeds and 

sex of chicken fed with feeding system 1 are shown in Table 4.5. The results 

show that the percentages of the total carcass were not affected by breed of 

chicken (p>0.01), but by the sex (p≤ 0.01). Male chicken had a higher proportion 

of total carcass than female chicken. Live weights were highly significantly 

different (p≤ 0.01) by breed and sex. Breed and sex affected the proportion of the 

dressing carcass. Hybrid broilers had higher percentages of dressing than the 

crossbreeds (p≤ 0.01), whereas among the crossbreeds the differences were not 

significant (p>0.01). Percentages of meat, skin, bone and total fat of hybrid 

broilers were greater higher than of the crossbreeds (p≤ 0.01) while there were no 

significant differences among the crossbreeds (p>0.01). The percentages of meat 

and skin were not significantly different between males and females (p>0.01). 

However, male chickens had higher percentages of bone than female chickens 

(p≤ 0.05) but less total fat than females (p≤ 0.01). The interaction between breed 

and sex had only an effect on the skin percentage (p≤ 0.01), 

Different parts of the carcass   

 

The carcasses were dissected into their different parts in order to study the 

proportion of each part of the dressing carcass. The results of analysis of the 

different parts of the carcass are shown in Table 4.6. Hybrid broilers had a 

greater percentage of breast than crossbreeds (p≤ 0.01). The percentages of wing 

and drumstick of hybrid broilers were lower than of the crossbreeds (p≤ 0.01). 

Percentages of thigh and back were not significantly different between the 

breeds. Crossbreeds had a higher proportion of all parts of the wing than hybrid 

broilers (p≤ 0.01). There were no significant differences among the crossbreeds 

for all parts of the dressing carcass (p≤0.01), except the percentage of drumstick 

of the 3-line crossbreed, which was higher than that of the 4-line crossbreed (p≤ 

0.05). The percentages of drumstick and thigh in male chickens were higher than 

in female chickens (p≤ 0.05). However, female chickens had a greater percentage 

of breasts than the males (p≤ 0.05). Sex had no effect on the proportion of wings 

(p≤0.01). The effect of interaction between breed and sex was only significant 

for the percentage of thigh (p≤ 0.01). 

Meat proportion of carcass parts 

 

The data on percentages of meat in each part of dressing carcass were statically 

analyzed and the results are presented in Table 4.7. Total breast meat of hybrid 

broilers was 24.63 % of the total dressing weight, which was considerably higher 

than of the crossbreeds (p≤0.01). In contrast, the percentages of drumstick meat, 
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wing stick meat and the total wing meat were higher in crossbreeds (p≤0.05). 

Among the crossbreeds, the percentages of meat in each part of the dressing 

carcass were not significantly different (p>0.01). Male chicken had higher 

percentages of thigh meat than females (P≤0.01). On the contrary, female 

chicken had a higher percentage of breast meat than males (P≤0.05). The 

percentage of meat in other parts of the dressing carcass was not significantly 

different between the sexes (p≤0.01). There was no significant interaction 

between breed and sex. 

 

Bones proportion of carcass parts 
 

Proportion of bone is indicated by the skeleton. The results of the analyses of 

variance are presented in Table 4.8. It was found that the percentages of bone in 

each part of the dressing carcass of the 3-line and 4-line crossbreeds were not 

significantly different (p>0.01). The percentages of bone from almost all parts of 

dressing carcass of the crossbreeds were significantly higher than of the hybrid 

broilers (p≤0.01), breast bone was also significant (P≤0.05). The backbone takes 

the largest proportion of the skeleton of chicken. Crossbreeds had a higher 

backbone proportion than hybrid broilers (p≤0.01).  There were no significant 

differences between male and female birds (p≤0.05), except for the breastbone, 

which was higher in males (p≤0.05). The order of the breeds within the sexes is 

the same. 

Skin proportion of the carcass 

 

The proportion of skin indicates the quality of the carcass as skin normally has a 

high proportion of fat accumulation. Statistical analysis was applied in order to 

analyze the percentage of skin and the results are presented in Table 4.9. It was 

found that the breast part had the largest proportion of skin, which, however was 

not significantly different between the breeds (p≤0.01). The four-line crossbreeds 

had a lower percentage of skin in most parts of the dressing carcass.  There were 

no significant differences between male and female chickens (p>0.01), except for 

the drumstick skin, which was found higher in males (p≤0.05). Also in this trait,  

the order of the breeds within the sexes is the same.                                                   
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4.1.4 Mortality 
 

The cumulative mortality of chickens in experiment 1 is shown in figure 4.1. 

During the first 7 weeks, the hybrid broilers had the highest mortality (i.e. 15%) 

(p≤0.01). The mortality was particularly high during week 1-3 and week 6-7. The 

main reason for the fatalities was injury of the legs caused by unstable and 

imbalanced walking since the bamboo sticks used for the floor were relatively 

thin compared to the chicken feet. The rapid gain in body weight along -with a 

high proportion of accumulated fat in the abdominal cavity- made the birds lie 

down most of the time. Their bodies were too heavy to be carried easily and they 

were lazy to move. The three-line and four-line crossbreeds had a lower mortality 

until the slaughtering stage (week 12) at the rate of 0% and 1%, respectively. The 

mortality of the 3-line crossbreeds was due to accidents inside the pen, e.g., in 

one case, the head was trapped in the pen floor, in another case the chicken fell 

into the feeding device and got stuck inside.  
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Figure 4.1 Cumulative mortality of chickens in experiment 1 (feeding system 1)
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4.2 Feeding system 2: Formulated feed 
 

4.2.1 Growth performance of chickens 

 
Weight gains for all growth stages until slaughter for the 4 breeds are presented 

in Table 4.10 (statistical Model 1). The results show that during the growing 

stage from week 0 to 7 week, hybrid broilers had a significantly greater weight 

gain than the other 3 types of chicken (p≤0.01). They reached a mean weight 

gain of 1,764g per bird whereas the weight gain of the 3–line crossbreeds, 4-line 

crossbreeds and the native chicken was 507, 534 and 438 g per bird at the end of 

week 7, respectively. For the periods of week 8-12 and week 0-12, 3-line and 4-

line crossbreeds gained significantly greater weight than native chicken (p≤0.01). 

At the end of week 12, the average final weight gain of the 3-line crossbreeds, 4-

line crossbreeds and native chicken were 1,177, 1242, and 922 g/bird, 

respectively. The crossbreeds took about 12 weeks to reach the same weight as 

the hybrid broilers at the age of 5 weeks. The average weight gains of native 

chicken at 15 weeks and 20 weeks were 1,178 and 1,583 g/bird, respectively.
 

 

They
 

grew very slowly, and therefore they needed another 3 weeks to reach the 

weight of the 3-line and 4-line crossbreeds at the age of 12 weeks (p≤0.01). It 

would take 3 months longer for the native chicken to reach the same weight as 

the hybrid broilers at the age of 7 weeks.  Male chickens gained a higher body 

weight than females in all growing stages and for all breeds (p≤0.01), except for 

the first week (p>0.01). Hybrid broiler females gained greater body weight than 

the males of the crossbreeds and the native chicken. For the first 7 weeks of the 

fattening period there are significant interactions between breed and sex (p≤0.01 

and p≤0.05). 

The data on average daily weight gain (ADG) are presented in Table 4.11. The 

analysis was done using statistical Model 1. During the first week, the ADG of 

hybrid broilers (10.83 g/bird/day) was the highest (i.e. 2-3 fold higher than the 

other breeds), while the lowest growth rate was found with the 3-line crossbreeds 

(3.12 g/bird/day) (p≤0.05). The ADG of hybrid broilers was 48.83 g/bird/day at 

week 7, which is 3.5-4 folds greater than that of the crossbreeds and the native 

chicken for the same period (p≤0.01), respectively. The peak of the ADG of the 

3-line and 4-line crossbreeds were 21.17 and 22.66 g/bird/day during week 12 

(p≤0.05), respectively. The highest ADG of the native chicken was 14.64 

g/bird/day during week 11, which was still lower than that of the crossbreeds for 

the same period (p≤0.05). For the period of 0-7 weeks (i.e., the slaughtering age 

for the broilers), the ADG of the broilers (36.01 g/bird/day) was significantly 

higher than all other breeds (p≤0.01). The native chickens had the lowest ADG at 

the rate of 8.95 g/bird/day, which were significantly different from the 3-line 

(10.35 g/bird/day) and 4-line crossbreeds (10.90 g/bird/day). 

 

During the period of week 8-12, the 4–line crossbreeds had a significantly higher 

ADG than the 3–line crossbreeds (p≤0.05) and the native chicken (p≤0.01). The 

highest growth rates for all 3 types of chicken were found during week 8-12 

(hybrid broilers were slaughtered after week 7). The ADG of the 3-line and 4-
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line crossbreeds were 38.30% and 46.04%, respectively, which were higher than 

the ADG of the native chicken. There were no significant differences (p≤0.01) 

between the 3-line and 4-line crossbreeds on ADG throughout the growing 

period (week 12) and until they reached slaughtering age. There were, however, 

significant differences when compared to native chicken (p≤0.01). It was found 

that for the entire growing period (20 weeks), the ADG of native chicken was 

11.31 g/bird/day. Growth rate of native chicken began declining in week 13 until 

slaughter age. During all growing stages the males higher weight gains than the 

females. There was also significant interaction between breed and sex during the 

first stages of fattening. 

 

4.2.2 Feed utilization efficiency 
 

The results of feed intake for all breeds of chicken and through out the growing 

period (statistical Model 3) are presented in Table 4.12. During the first week of 

growing, the daily feed intake of the 3–line (5.84 g), 4–line (4.71 g) crossbreeds 

and the native chicken (4.40 g) were rather low (P>0.01), whereas the feed intake 

of the hybrid broilers was 12.55 g during the same period (P≤0.01). The intake of 

the native chickens remained extremely low towards the end of week 3 (7.37 g 

per bird per day). This explains the slow growth of native chicken. At the age of 

3 weeks, feed intake of the 3-line and 4-line crossbreeds had increased from 4.71 

and 4.40 g to 18.00 and 18.29 g, respectively, i.e. four folds of the first week. 

Daily feed intake of the hybrid broilers increased from week to week. It reached 

a rate of 127.42 g per bird per day at the end of week 7, which was significantly 

different from the crossbreeds and the native chicken (P≤0.01).  The feed intake 

of the 3-line and 4-line crossbreeds had increased slowly up to about 39.48 and 

38.71 g/bird/day (P>0.01), respectively, which were significantly different from 

the native chicken (P≤0.01) whose feed intake was only 31.4g per bird per day. 

The overall average daily feed intake per bird over a period of 7 weeks (i.e. the 

slaughtering age of the hybrid broilers) was 76.08 g for the hybrids with a 

significant difference to the other breeds (P≤0.01). The feed intakes of the 3-line 

crossbreeds, 4-line crossbreeds and native chicken, however, were not 

significantly different (P>0.01), with 24.29, 24.04 and 18.34 g/bird/day, 

respectively. Native chicken showed an extremely low feed intake, i.e. only one 

forth of that of the hybrid broilers. In week 12, the feed intakes of the 3-line and 

4-line crossbreeds were 74.40 and 76.18 g/bird/day (p>0.01), respectively. Their 

feed intakes were significantly larger different (P≤0.01) than those of the native 

chicken (61.88 g/bird/day). It reached the same level of 79.44 g in week 20, with 

an average daily feed intake of 48.91 g/bird/day for the period of 0-20 week. In 

comparison to the crossbreeds chicken, the quantity of feed intake of the native 

chicken throughout the growing period was extremely low. The feed intakes 

among the crossbreeds were not significantly different during the period of week 

0-7 (P>0.01). The significant differences among the chicken were during the 

period of week 8-12 (P≤0.01). Thus, the feed intake of the crossbreeds was not 

significantly different  

throughout the growing period (P>0.01).
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The results of feed conversion ratio (FCR) are shown in Table 4.13 (statistical 

Model 3). FCR of all types of chicken increased weekly and showed a relatively 

similar pattern. FCR was not significantly different among the tested breeds of 

chicken during the first week (p>0.01). A significant difference found during 

week 2 when the FCR of 3-line and 4-line crossbreeds were higher than of the 

other breeds (P≤0.05). The average FCR for the period of week 0-7 were not 

significantly different between the breeds (P≤0.05). FCR of hybrid broilers, 3-

line, 4-line crossbreeds and native chicken were 2.15, 2.40, 2.29 and 2.30, 

respectively. During week 0-12, the feed conversion efficiency (FCE) was 

significantly different between the crossbreeds chicken and the native chicken. 

The results demonstrated that native chicken had the highest FCE. At the end of 

week 20, FCR of the native chicken reached the value of 7.10. However, the 

overall average of FCR was 4.33 despite the low feed conversion efficiency; 

maintained of the growth rate through the increase of daily feed intake by the 

chicken. 
 

Table 4.12 Feed intake of chickens at each growth stage, feeding system 2 

 

Feed intake (g/bird) ±SD  Growth 

Stage 

(week)
1 

Hybrid 

Broiler
2 

3-Line 

Crossbreeds 

4-Line 

Crossbreeds 

Native 

Chicken 

 

Significan

ce 

0-1  12.34±2.54
A 

 4.00±1.64
B 

  5.38±1.92
B 

  4.40±0.11
B 

** 

2-3  39.36±5.71
A 

 18.55±4.08
B 

18.29±3.94
B 

  7.37±0.81
C 

** 

4-5 91.29±13.45
A 

 25.59±6.00
B 

25.58±6.27
B 

23.27±0.09
B 

** 

6-7 125.42±35.54
A 

40.54±10.02
B

39.32±9.20
BC 

 31.40±0.67
C 

** 

8-9  56.99±14.11
A

53.92±10.65
A 

 40.46±0.53
B 

** 

10-11  70.71±12.69
A

72.48±11.03
A 

 52.94±2.03
B 

** 

12  81.04±17.98
A

79.13±29.53
A 

 61.88±1.62
B 

** 

12-13  61.88±1.62  

14-15  69.36±2.34  

16-18  75.87±2.84  

19-20  79.44±2.74  

      

0-7 77.42±9.70
A 

 24.85±5.01
B 

24.97±4.56
B 

  18.34±0.36
CB 

** 

8-12  68.69±12.51
A 

68.13±13.23
A 

54.54±1.15
B 

** 

0-12   44.24±7.27
A 

43.77±7.31
A 

31.73±0.49
B 

** 

0-15      38.96±0.88  

0-20      48.91±0.71  
g: Gram 
1
: During 12-20 weeks growth stages of native chicken were no significant difference 

among replicates (Pens). 
2
: Slaughtered for hybrid broilers at 7 weeks, 3-Line and 4-Line crossbreeds at 12 

weeks; native chicken at 20 weeks. 

Different letters in the same row show significant differences between breeds of chicken 

at the 0.05 level (*, a, b, c) and at the 0.01 level (**, A, B, C),  
ns

: Non significant at the 

0.01 level  

 



 

    86 
 

Table 4.13 Feed conversion ratio (FCR) of chickens at each growth stage, 

feeding system 2 

 

Feed Conversion Ratio (FCR) ±SD Growth 

Stage 

(week)
1 

Hybrid 

Broiler
2 

3-Line 

Crossbreeds 

4-Line 

Crossbreeds 

Native 

Chicken 

 

Significance 

0-1 1.14±0.23 1.28±0.26   1.17±0.23   1.33 ±0.09 ns 

2-3  1.38±0.28
d   

 2.00±0.40
a  

  1.98±0.40
ba  

 1.60 ±0.06
cd     

* 

4-5 2.11±0.42 2.30±0.46 2.16±0.43   2.50 ±0.70 ns 

6-7 2.69±0.54 2.84±0.57  2.66±0.53 2.75 ±0.05 ns 

8-9  3.16±0.63  3.12±0.62 3.14 ±0.10 ns 

10-11  3.72±0.74
A  

3.30±0.66
B  

 3.77 ±0.01
A      

** 

12  4.80±0.96  4.49±0.90  4.45 ±0.12
A 

ns 

12-13    4.45 ±0.12       

14-15    5.26 ±0.01       

16-18    6.21 ±0.28       

19-20    7.10 ±0.43       

      

0-7 2.15±0.43 2.40±0.48  2.29±0.46  2.30 ±0.04 ns 

8-12  3.73±0.76  3.56±0.71  3.82 ±0.05 ns 

0-12  3.19±0.65
A  

 3.03±0.61
A  

2.75 ±0.02
B
    ** 

0-15     3.48 ±0.02      

0-20    4.33 ±0.05      
g: Gram 
1
: During 12-20 weeks growth stages of native chicken were no significant difference 

among replicates (Pens) 
2
: Slaughtered for hybrid broilers at 7 weeks, 3-Line and 4-Line crossbreeds at 12 

weeks; native chicken at 20 weeks. 

Different letters in the same row show significant differences between types of chicken 

at the 0.05 level (*, a, b, c) and at the 0.01 level (**, A, B, C), 
ns

: Non significant at the 

0.01 level  
 

4.2.3 Carcass quality 
 

The analyses of variance were done to the traits of the performance of carcass 

quality using the statistical Model 5. 
 

Composition of the total carcass 
 

The results and analyses of the composition of the total carcass of breeds and sex 

are shown in Table 4.14. The body weights of the different breeds at the final 

stage were significantly different at the p≤0.05 level. It found that the 

percentages of total carcass of the hybrid broilers, 3-line crossbreeds, 4-line 

crossbreeds and the native chicken were 82.15%, 80.80%, 80.80% and
 
79.90% of 

live weight, respectively. The total carcass percentage of the native chicken was 

significantly lower than of the other 3 types of chicken (p≤0.05); but there were 

no significant differences between the other types of chicken (p>0.01). There is a 

slight difference in the percentage of the dressing carcass between 
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the breeds (p≤0.01). The males had a higher percentage of carcass (p≤0.01) and 

dressing (p≤0.05) than the females. The percentages of meat, skin and bone were 

not significantly different between the breeds and sexes (p≤0.01), except the 

percentages of meat in females, which was higher than in males (p≤0.05). The 

sex did not affect the percentage of the total fat in the carcass (p>0.01). The total 

fat composition influenced by the differences between the chicken breeds; the 

native chicken had the lowest percentage of total fat with a significant difference 

to hybrid broilers (p≤0.01) and crossbreeds (p≤0.05). There was no significant 

interaction between breed and sex. 
 

Different parts of the carcass   
 

The proportions of different parts of the carcass were measured for the different 

breeds; the results are presented in Table 4.15. Male and female birds were not 

different in the percentages of the different parts (p≤0.01), but there were 

differences between the breeds. There were no significant differences between 

the 3-lines and 4-lines crossbreeds (p>0.01), except for the percentage of tulip 

wing, which was higher for the 4-line crossbreeds (p≤0.05). The native chicken 

had a higher percentage of breast than the crossbreeds (p≤0.01), but there was no 

significant difference to the hybrid broilers (p>0.01). The other carcass parts of 

the native chicken, such as thigh and wing stick, were higher than of the hybrid 

broilers (p≤0.01). Of all breeds, the native chicken had the lowest percentages of 

the back part (p≤0.01). There was no interaction between breed and sex. 

Meat proportion of carcass parts 

 

Calculation was done based on the weight of the dressed carcass. The results are 

presented in Table 4.16. Sex had no effect on meat proportion for the carcass 

parts (p>0.01), except in breast meat, which was higher in male than female birds 

(p≤0.01). On the other hand, the breeds did not influence the percentages of 

drumstick and tulip wing (P>0.01). The native chicken had a greater percentage 

of breast and thigh meat than the other breeds (p≤0.01). The percentage of total 

wing meat of native chicken was not significantly different from the crossbreeds 

chicken (p>0.01). But, they were higher than of hybrid broiler (p≤0.01). There 

were no significant differences between the 3-line and 4-line crossbreeds in the 

percentages of meat in any carcass part (p>0.01). Also there was no interaction 

between breed and sex. 

 

Bones proportion of carcass parts 
 

The percentages of bone in each carcass part were calculated on the basis of 

dressed carcass weight and the results of the analyses of variance are presented in 

Table 4.17. It was found that the percentages of bone in all parts of the carcass 

were significantly different between the different breeds (p≤0.01), except for the 

tulip wing-bone and the back bone (p>0.01). There were no significant 

differences in the percentage of drumstick bone between native chicken and the 

crossbreeds (p>0.01); they were, however, higher than the commercial hybrids. 
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The percentage of thighbone of native chicken and of crossbreeds was higher 

than for the commercial hybrids (p≤0.01). The percentage of breastbone of the 4-

line crossbreeds was significantly lower than of other breeds (p≤0.05). There 

were no differences between male and female birds, except in the breastbone and 

wing stick –which was higher in males– and in tulip wing, which was higher in 

females. The major parts, such as drumstick, thigh, total wing and back were not 

significantly different (p>0.01). There was no interaction of breed and sex. 

Skin proportion of carcass parts 

 

The calculation on skin percentages in each carcass part was based on dressed 

weight carcass. The results of the statistical analyses are presented in Table 4.18. 

The results demonstrated that the percentages of skin in the carcass parts were 

affected slightly by the breed, e.g. skin from thigh, tulip wing, total wing and 

back (p≤0.05). The hybrids had higher percentages of skin for thigh and back and 

lower percentages for tulip wing and total wing. There were no significant 

differences between 3-line and 4-line crossbreeds (p>0.05). For the proportion of 

skin in the rest of carcass, there were no significant differences between the 

breeds (p>0.01). There were no interactions between sex and breed.  
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4.2.4 Mortality  
 

The cumulative mortality of chicken in experiment 2 is illustrated in Figure 4.2. 

During the first 7 weeks, the 3-line crossbreeds had the highest mortality, i.e. 4%. 

Mortality of hybrid broiler was lower (2%/, but there was no significant 

difference (p>0.01). The four-line crossbreeds had a lower mortality at 12 weeks 

than the 3-line crossbreeds. But it was higher than for the native chickens during 

the same growth stages. The native chickens had a low overall mortality 

throughout the growing period of 4%.  
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Figure 4.2 Cumulative mortality of chickens in experiment 2 (feeding system 2) 
 

4.3 Effect of feeding system  
 

4.3.1 Growth of chickens  
 

The growth of chicken fed with the two types of feeding system was analyzed 

using statistical model 2. The results are presented in Tables 4.19 and 4.20 

 

During weeks 0-7, the hybrid broilers had a significantly higher growth 

performance than the crossbreeds with both feeding systems (p≤0.01). Between 

the crossbreeds, 4-line crossbreeds demonstrated better growth than the 3-line 

crossbreeds with feeding system1. Growth of the 3-line and 4-line crossbreeds 

with feeding system 2 was not significantly different (p>0.01). During the 0-7 

week fattening period, the interaction between the breeds and the feeding 

systems was significant (p≤0.01). It was clearly shown that the growth of chicken 

receiving feeding system 1 was higher than of the same breed fed with feeding 

system 2 (p≤0.01). At the second stage of growth (week 8-12), the growth 

performance of the 4-line crossbreeds was higher than of the 3-line crossbreeds 
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with both feeding systems (p≤0.01). Thus, the feeding systems did not have any 

significant effect on weight gain of both types of crossbreeds (p>0.01). It was 

shown that the crossbreeds responded well to both feeding systems, i.e. feeding 

system 2 (maize based feed) and feeding system 1 (commercial feed).  

 

Table 4.19 Comparison on weight gains (g/bird) of chickens between feeding 

systems, breeds and sexes at the same growing stage 
 

Growth stage (weeks)
1 

0-7 8-12 0-12 

 

Treatment 

g/bird ±SD 

Feeding system 1: 

Hybrid 

3-Line Crossbreeds  

4-Line Crossbreeds 

Feeding system 2: 

Hybrid 

3-Line Crossbreeds  

4-Line Crossbreeds  

2493.98±243.92
A 

665.25±109.56
D 

800.19±113.88
C 

1764.43±224.66
B 

  507.35±102.27
E 

    
534.21±97.55

E
   

 

 

628.33±121.22
B 

712.78±136.88
A 

 

 

    670.56±122.17
AB  

    708.06±137.53
A 

                  

1322.38±209.34
BC  

 

1492.98±226.73
A 

  1177.90±193.47
C 

  1242.26±207.40
C 

Sex 

Male 

Female 

1226.84±809.60
A 

1028.25±704.13
B 

 

767.22±110.60
A 

   592.64±88.41
 B 

1458.81±205.20
A 

1158.95±164.70
B 

Significance 

Feeding system 

Breed 

Sex 

Feed x Breed 

Feed x Sex 

Breed x Sex 

Feed x Breed x Sex 

 

** 

** 

** 

** 

ns 

** 

ns 

 

ns 

** 

** 

ns 

ns 

ns 

ns 

 

** 

** 

** 

** 

ns 

ns 

ns 
g: Gram 
1
: Slaughter age for hybrid broilers at 7 weeks, 3-Line and 4-Line crossbreeds at 12 

weeks. 

Different letters in the same column show significant differences between types of 

chicken and between sexes at the 0.05 level (*, a, b, c) and at the 0.01level (**, A, B, 

C), 
ns

: Non-significant at the 0.01 level. 

 

 

 



 

 

    96 
 

Table 4.20 Comparison on the average daily gain (ADG) of chickens among 

feeding systems, breeds and sexes of chickens in the same growth stages  
 

Growth Stage (week)
1 

0-7 8-12 0-12 

 

Treatment 

                               g/bird/day ±SD 

Feeding system 1: 

Hybrid 

3-Line Crossbreeds  

4-Line Crossbreeds 

Feeding system 2: 

Hybrid 

3-Line Crossbreeds  

4-Line Crossbreeds  

50.90±4.98
A 

13.58±2.24
D 

18.11±1.39
C 

36.01±4.59
B 

10.35±2.09
E 

10.90±1.99
E 

17.95±3.46
B 

20.36±3.91
A 

16.76±3.05
B 

17.70±3.44
B 

 15.74±2.49
AB 

     17.77±2.70
A 

14.02±2.30
B 

14.79±2.47
B 

Sex 

Male 

Female 

  25.04±16.52
A 

  20.98±14.37
 B 

20.54±3.18
A 

15.85±2.50
 B 

17.37±2.44
A 

13.80±1.96
B 

Significance 

Feeding system 

Breed 

Sex 

Feed x Breed 

Feed x Sex 

Breed x Sex 

Feed x Breed x Sex 

 

** 

** 

** 

** 

ns 

** 

ns 

 

* 

** 

** 

ns 

ns 

ns 

ns 

 

** 

** 

** 

** 

ns 

ns 

ns 
g: Gram 
1
: Slaughter age for hybrid broilers at 7 weeks, 3-Line and 4-Line crossbreeds at 12 

weeks. 

Different letters in the same column show significant differences between types of 

chicken and between sexes at the 0.05 level (*, a, b, c) and at the 0.01 level (**, A, B, 

C), 
ns

: Non significant at the 0.01 level.  

 

Considering the overall growing period (0-12 weeks), the weight gain of the 4-

line crossbreeds was higher when fed with feeding system 1 but there was no 

significant difference in weight gain when the crossbreeds were fed with feeding 

system 2 (p>0.01). Weight gain of the 4-line crossbreeds fed with feeding system 

1 was greater if they were fed with feeding system 2 (p≤0.01). Also, the sex 

influenced the body weight gain; male chicken had a greater body weight gain 

than female chicken in all growth stages (p≤0.01). There were no significant 

interactions between effect of sex and the other effects. 

 

4.3.2 Feed utilization efficiency 
 

The feed utilization efficiency was evaluated by integration of feed intake and 

feed conversion ratio (FCR). Statistical analysis was done using model 4; the 

results are presented in Tables 4.21 and 4.22. There were significant differences 

in feed intake between the breeds (p≤0.01) during the 0-7 weeks growing stage. 

During weeks 8-12 and for the overall growing period (week 0-
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12), the feed intake of the crossbreeds was not influenced by the feeding system 

(p>0.01). 

 

The results in Table 4.21 show that during the 0-7 week growing stage, the feed 

intake of the chicken fed with feeding system 1 was higher than of those fed with 

feeding system 2 (p≤0.01). The hybrid broilers had a greater feed intake than the 

crossbreeds with both feeding systems (p≤0.01), i.e. about 3-3.5 fold. With 

feeding 

system 1, the feed intake of the 4-line crossbreeds was higher than of the 3-line 

(p≤0.01), but intake was not significantly different with feeding system 2 

(p>0.01).  

 

During the second growing stage (weeks 8-12), the 4-line crossbreeds still 

showed a higher feed intake with feeding system 1 than with feeding system 2. 

For the overall growing period (0-12 weeks), the 3-line crossbreeds showed no 

significant difference in feed intake to 4-line crossbreeds with feeding system 2, 

but less feed intake than the 4-line crossbreeds when they were fed with feeding 

system 1. 

 

Table 4.21 Comparison on feed intake of chickens among feeding systems and 

breeds at each growing stage 
 

Growth Stage (week)
1 

0-7 8-12 0-12 

 

Treatment 

g/bird/day ±SD 

Feeding system 1: 

Hybrid 

3-Line Cross-Breed  

4-Line Cross-Breed 

Feeding system 2: 

Hybrid 

3-Line Cross-Breed  

4-Line Cross-Breed 

106.37±10.39
A 

 31.09±5.12
D 

 35.60±5.08
C 

 

 77.42±9.86
B 

 24.85±5.01
E 

 24.97±4.56
E 

 

 

64.09±12.36 

69.04±13.26 

 

 

68.69±12.51 

68.13±13.23 

 

        

54.39±10.46
B 

57.33±9.54
A 

   

    

44.24±7.27
C 

43.77±7.31
C 

Significance  

Feed  

Breed 

Feed x Breed 

 

** 

** 

ns 

 

ns 

ns 

ns 

 

ns 

** 

ns 
g: Gram 
1
: Slaughter age for hybrid broilers at 7 weeks, 3-Line and 4-Line crossbreeds at 12 

weeks. 

Different letters in the same column show significant differences between types of 

chicken and between sexes at the 0.05 level (*, a, b, c) and at the 0.01 level (**, A, B, 

C), 
ns

: Non-significant at the 0.01 level.  

 

Feed conversion ratio (FCR) is presented in Table 4.22. During 0-7 week, hybrid 

broilers that fed with feeding system 1 gave the higher performance in feed 

utilization efficiency (lowest FCR of 1.99) (p≤0.05). FCR of crossbreeds chicken 

was not significant different under both feeding systems 
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(p>0.05), at first period of growing However, 4-line crossbreeds expressed the 

better feed utilization efficiency by showing lower FCR than 3-line crossbreeds 

in all growing stages. Crossbreeds responded better when fed with feeding 

system 1 at the second stage of growing period (8-12 weeks) (P≤0.05).  
 

Table 4.22 Comparison on feed conversion ratio (FCR) of chickens among 

feeding systems and breeds at each growth stage 

 

Feed Conversion Ratio (FCR) ±SD 

Growth Stage (week)
1 

 

Treatments 

0-7 8-12 0-12 

Feeding system 1: 

Hybrid 

3-Line Crossbreeds  

4-Line Crossbreeds 

Feeding system 2: 

Hybrid 

3-Line Crossbreeds  

4-Line Crossbreeds 

1.99±0.14
b
   

2.30±0.02
a
   

2.20±0.03
a
   

 

2.15±0.43
a
   

2.40±0.48
a
   

2.29±0.46
a
   

 

 

3.63±0.08
ab

   

     3.41±0.03
b
    

 

 

    3.73±0.76
a
    

      3.56±0.71
ab

   

 

 

       2.93±0.05
bc

   

        2.77±0.03
c
   

 

      

        3.19±0.65
a
    

3.03±0.61
ab

   

Significance  

Feed  

Breed 

Feed x breed 

 

ns 

* 

ns 

 

* 

* 

ns 

 

* 

* 

ns 
1
: Slaughter age for hybrid broilers at 7 weeks, 3-Line and 4-Line crossbreeds at 12 

weeks. 

Different letters in the same column show significant differences between types of 

chicken and between sexes at the 0.05 level (*, a, b, c) and at the 0.01 level (**, A, B, 

C), 
ns

: Non significant at the 0.01 level.  

 

4.3.3 Carcass quality 
 

The analysis of variance was done to the traits of the performance of carcass 

quality using the statistical Model 6. 
 

Composition of total carcass 
 

The comparisons of the effect of feeding systems on carcass quality presents in 

Table 4.23 The results show that final body weight and percentage of carcass of 

hybrid broilers were greater than of the other breeds. There are significant 

interactions between feeding system and breed in the percentages of dressing, 

meat and bone. The hybrid broilers, which were fed with feeding system 1 had 

greater percentages of total carcass (83.21%) and dressing (72.02%), which were 

significantly different to the 3-line crossbreeds (80.11% and 67.24%) fed with 

feeding system 1 (p≤0.05). Feeding system 2 did not have any significant effect 

on the percentage of total chicken carcass (p>0.01) but on the dressing 

percentage (p≤0.05). The hybrid broilers fed with feeding system 1 had a higher 

meat proportion of 38.60% of the live weight, which was significantly different 

from the other types of chicken under both feeding systems 
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(p≤0.01). There was no significant difference between the other chicken types in 

the percentage of meat in the carcass. The proportion of chicken skin was slightly 

different; the percentage of hybrid broiler skin (8.12%) was not significantly 

different from the other types of chicken with either feeding system (p>0.01). 

The 4-line crossbreeds had the lowest percentage of skin in the carcass.  

Therefore, hybrid broilers had lower proportions of bone (i.e.18.91% of live 

weight) than both feeding systems.  

 

Less body fat content indicates a higher quality of the carcass.  It was found that 

hybrid broilers had highest percentage of total fat when they were fed with 

feeding system 1. The percentages of total fat of the 3-line crossbreeds were not 

affected by the feeding systems. There were therefore no significant differences 

between the crossbreeds (p>0.01). However, the 4-line crossbreeds fed with 

feeding system 1 had the lowest percentage of total fat (2.28%), which was 

different to the hybrid broiler (P≤0.01). There were no significant differences 

between the crossbreeds in the proportion of total carcass, dressing carcass, meat, 

skin, bone and total fat. Between the sexes there were no significant difference in 

the composition of the carcass, also in the interaction between breed and sex 

(p>0.01), but the interaction between feed and sex was significant in the 

percentage of total carcass, dressing and meat (p≤0.05 and p≤0.01), respectively. 

Different parts of the carcass   

 

A comparison of the effect of feeding systems and breeds on the carcass parts is 

presented in Table 4.24. In most of the tested traits of the proportions of the 

carcass there were significant effects of the feeding system and of the breed. The 

hybrids had higher percentages of thigh and breast. It was found that the feeding 

systems did not make any differences in the carcass parts of the 3-line and 4-line 

crossbreeds (p>0.01). Some of carcass parts of the crossbreeds showed a higher 

proportion than for the hybrid broilers, such as drumstick, wing stick, tulip wing 

and total wing (p≤0.01). There were no significant differences between the 

breeds in the proportion of back for both feeding systems (p>0.01). However, 

hybrid broilers fed with feeding system 1 had the greatest percentage of breast 

(35.63%), more than the crossbreeds with either feeding system (p≤0.01). Sex 

did not have any significant effects on the percentage in either parts of the 

carcass. Also the interactions between the factors of variance were not significant 

in all cases (p>0.01). 

Meat proportion of carcass parts 

 

A comparison of the effects of feeding system and breed on meat proportions of 

all carcass parts is presented in table 4.25. The largest proportion of meat was 

from the breast, which is normally called the “white meat”. No significant 

differences in the proportions of meat were found between the feeding systems 

(p>0.01), except for the percentage of breast meat. The interaction between 

feeding system and breed for the meat percentage of the breast and the back was 

significant (p>0.01). In the other tested traits the interactions between feeding 
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system and breed were not significant (p>0.01). The hybrid broilers had lower 

percentages of drumstick, wing stick and total wing. The hybrid broilers fed with 

feeding system 1 had a higher proportion of breast meat (24.63% of the dressed 

carcass) than the other breeds, also under feeding system 2 (p≤0.01). The 

percentages of breast meat were not significantly different between the three 

types of chicken with feeding system 2.  Therefore, among the crossbreeds which 

were fed with two types of feeding system, the percentages of meat in each part 

were not significantly different (p>0.01).  It was clearly seen that the female 

chicken had a higher percentage of breast meat and a lower percentage of thigh 

meat than the males (p≤0.01). There was no important interaction between sex 

and the other effects. 

 

Bones proportion of carcass parts 
 

Comparisons of the effects of feeding system and breed on the percentage of 

bone in all carcass parts presented in table 4.26 It was found that the feeding 

systems influence the percentage of drumstick bone and breast bone (p≤0.01). 

The bone proportion of the other carcass parts was not influenced by the feeding 

systems (p>0.01). The sexes did not have any effects on bone proportion of either 

part of the carcass (p>0.01), except for the male breastbone, which was higher 

than the female’s (p≤0.01). The types of breeds affected the proportion of bone 

of the carcass. The hybrid broilers had a significantly lower percentage of bones 

of the carcass than the crossbreeds in both feeding systems, such as drumstick 

bone, thigh bone, wing stick bone, tulip wing bone and back bone (p>0.01). 

Thus, the skeleton ratio of the  dressing carcass of the hybrid broilers was smaller 

than that of the crossbreeds. However, the proportion of bones of any of the 

carcass parts of the crossbreeds was not significantly different (p>0.01), except 

for the back bone of the 4-line crossbreeds with feeding system 1, which was 

higher than for same breeds fed with feeding system 2 (p≤0.01) 

Skin proportion of carcass parts 

 

Comparisons of the effects of feeding system and breed on the percentage of skin 

for all carcass parts present in table 4.27 In general, skin considered as an edible 

part. The proportion of skin in all parts of the carcass was relatively low 

compares to the proportions of meat and bone. The proportion of skin varied 

from 1.0 to 3.0 % of the dressing weight of the chicken. However, the results 

showed that the breeds of chicken had a significant effect on the proportion of 

thigh skin, tulip wing skin and back skin at the confident level of 99%, 95% and 

95%, respectively. Nevertheless, the same type of chickens fed with different 

feeding systems had no significant difference on percentage of skin in every 

carcass parts (p>0.01). The proportion of skin in the major carcass part such as 

drumstick, total wing and breast were not significant differences among the types 

of chicken, feeding systems and sexes (p>0.01). The interactions between the 

main effects were not significant (p>0.01), except for tulip wing (p>0.01).   
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4.3.4 Mortality  
 

The mortality of chickens is presented in table 4.28. Mortality of the hybrid 
broilers receiving feeding system 1 during the period of week 0-7 was 
significantly higher (p>0.01) than of the other breeds in either feeding system 1 
or 2. The feeding systems had no effect on the mortality of the crossbreeds at any 
growing stage of 0-7 or 0-12 weeks. Their mortality was relatively low (p>0.01). 
The sex ratio did not give any significant effect between the breeds and the 
feeding system (p>0.01), although the 4-line crossbreeds had a higher sex ratio 
(1.09). But there was no significant difference to other breeds and between the 
feeding systems.  
 

Table 4.28 Mortality of chickens in experiment 1 and 2 
 

Mortality (%)1 Sex ratio 
(M:F) 

 
Treatments 

0-7 0-12 0-20  
Feeding system 1: 

Hybrid 
3-Line Cross-Breed  
4-Line Cross-Breed 

Feeding system 2: 

Hybrid 
3-Line Cross-Breed  
4-Line Cross-Breed 
Native Chicken 

15.00±7.07A 

0.00±0.00B 

1.00±0.41B 
 

2.00±0.00B 

4.00±0.00B 

0.00±0.00B 

0.00±0.00B 

0.00±0.00 
4.00±3.65 

 

 
8.00±0.00 
4.00±0.00 
0.00±0.00 

 
 
 
 
 
 
 
 

3.37±0.58 

0.81±0.01 
0.82±0.14 
0.85±0.09 

 

0.75±0.00 
0.84±0.00 
1.09±0.00 

Significance  

Feed  
Breed 
Feed x breed 

 
ns 
** 
ns 

 
ns 
ns 
ns 

  
ns 
ns 
ns 

1
: Slaughter age for hybrid broilers at 7 weeks, 3-Line and 4-Line crossbreeds at 12 

weeks. 

Different letters show significant differences between types of chicken and between 

sexes at the 0.05 level (*, a, b, c) and at the 0.01 level (**, A, B, C),  
ns

: Non significant 

at the confident 0.01 level. 
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5 DISCUSSION 
 
5.1 Growth of the chickens 
 

5.1.1 Growth of hybrid broilers 
 
Hybrid broilers overall exhibited better growth than the other breeds. They have 
been specifically bred for rapid weight gain and high feed utilization efficiency 
(NRC, 1994). At 7 weeks the hybrid broilers received a commercial broiler diet 
(feeding system 1). Their individual mean weights were 2,673.7 g for the males 
and 2,314.3 g for the females, with an average daily gain (ADG) of 54.6 and 47.3 
g/bird, respectively. Birds, which were fed with a lower protein diet (feeding 
system 2),  developed much lower body weights, i.e.1,597.8 g/bird for the males 
and 1,931.1 g/bird for the females, with an ADG of 39.4 and 32.6 g/bird/day, 
respectively. This shows clearly that the hybrid broilers only demonstrated their 
full growth potential when they were fed with high protein diet (commercial 
feed). Body weights of the hybrid broilers from experiment 1 were remarkably 
higher than those reported by NRC (1994), which were 2,100 g/bird for males 
and 1,745 g/bird for females at the age of 7 weeks. This indicates that the growth 
of hybrid broilers has been improving continuously since the NRC report in 
1994. This trend is due to continued breeding and improvement of the rearing 
environment (Chapman, 2003).The growth of the hybrid broilers raised in the 
bamboo slat floor system was similar to hybrid broilers raised in closed 
evaporation-cooled housing systems, which typically reach a body weight at 49 
days of 2,324 g/bird and have an FCR of 1.98 (Pornrawee, 2003). This was due 
to simpler management of smaller flock sizes (50 birds/pen) compared to the 
large number of chicks (7,000 birds) in the housing system.  
 
Hybrid broilers showed significantly higher body weight gain than native 
crossbreeds in both feeding systems (experiments 1 and 2) (Tables 4.1, 4.10 and 
4.19) – four times greater than the native chickens in experiment 2. Genetic 
disposition was the major factor affecting the growth rate of chickens. Although 
hybrid broilers received lower quality diet, they had better growth rate than 
native crossbreeds and native chickens. However, the rapid growth of hybrid 
broilers also led to higher mortality. Because raised body temperature generates a 
higher rate of metabolism – which is characteristic for hybrid broilers – their 
adaptability to the hot and humid climate at the research site was lower and they 
suffered higher stress levels due to limited space within the pen.  
 
The growth of hybrid broilers in feeding system 1 was greater than those in 
feeding system 2 at rates of 92, 57.3, 50.2, 20.1 and 42.0% over 0-1, 1-3, 3-5, 5-7 
and 0-7 weeks, respectively. It was clear that the overall growth of hybrid 
broilers decreased approximately 42% in feeding system 2, compared to feeding 
system 1. Declining growth of hybrid broilers was greater in the early stages of 
growth. This clearly indicates that feeding system 2 affected the growth rate of 
hybrid broilers. This information supports the notion that that high genetic 
disposition requires higher quality of feed.  
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5.1.2 Growth of crossbred chickens 

 

Native crossbred chickens had better growth rates compared to native chickens. 
This validates the introduction of some exotic breeds to improve the growth rates 
of native breeds. The experimental results clearly showed that a 3-line crossbreed 
(NRB) had lower growth rates than a 4-line crossbreed (NSRB) at 18.1, 8.9 and 
11.4% over 0-7, 8-12 and 0-12 weeks, respectively in feeding system 1. Thus, 
their growth rate was still lower than 4-line crossbreeds at 5.3, 5.6 and 5.5%, 
respectively but higher than native chickens at 15.6, 38.28 and 27.7% 
respectively in feeding system 2. 
 
The 3-line is a popular native crossbreed, which was introduced to the poultry 
market over the last two decades. Growth of 3-line crossbreeds is mostly related 
to the quality of the dietary and feeding program. The experimental results 
showed that feeding systems 1 and 2 had no significantly different effects on 
growth of the 3-line crossbreeds. This means that enhancing the genetic 
disposition of 3-line crossbreds responded to one level of environment. The final 
body weight gains (g/bird) and ADG (g/bird/day) of 3-line crossbreeds (NRB) at 
12 weeks were 1,334.8, 15.9 and 1,177 g, 14.0g for feeding systems 1 and 2, 
respectively. Such growth was better than that found in the study of Jeendoung et 

al. (2001) which revealed that 3-line crossbreeds (NRB) in Thailand were fed 
with a commercial diet for layers, with dietary protein of 19-13% for 16 weeks. 
The final body weight was 1,275.1 g/bird, with AGD of 14.7 g/bird/day, 
respectively. Tangtaweewiwat et al. (2000) reported from Thailand that the ADG 
of a 3-line crossbreed during 0-5 weeks and 6-13 weeks was 10-11 and 19-20 
g/bird/day, respectively. These values were very similar to the ADG of a 3-line 
crossbreed (strain Suwan 6, NSB) – also in Thailand – over 0-6 and 7-12 weeks, 
which was 10-11 and 20-21 g/bird/day respectively (Vorachantra and Tancho, 
1996). Panja (2000) found that 3-line crossbreed sources from two commercial 
companies and the Department of Livestock Development (DLD) were raised 
with a commercial diet (18% dietary protein and 2,700 Kcal ME/kg) over the 
growing period of 16 weeks. The average body weights were 2,100.0, 2,005.0 
and 1,741.5 g/bird, respectively. Commercial companies produced faster growing 
chickens than government sources. According to Purintrapiban (2004), 3-line 
crossbreeds (NRB) received 16% dietary protein supplemented with palm kernel 
cake (at levels of 10, 20 and 30% in the diet formula) and energy levels of 2,800-
3,000 Kcal ME/kg for 16 weeks. The chicks gave the best ADG which varied 
between 22.25-23.30 g/bird/day, and total weights of 2,492.50 and 2,610.00 
g/bird. The higher body weight might be attributable to the palatability of the 
diet. Thus, feeding 3-line crossbreeds with feeding system 2 is better for small-
scale farmers because of its lower production cost and simple feed formulation 
and manufacturing.  
 
Similarly, for 4-line crossbreeds using feeding system 2, the body weight at 12 
weeks (1,242 g/bird) was comparable to the results of Intarachote et al. (1996a) 
who found that the body weights for the same type of crossbreeds (NSRB) at 12, 



 

 109

16 and 20 weeks were 1,146.20, 1,603.72 and 1,806.44 g/bird, respectively. 
Four-line crossbreeds using feeding system 2 (19-17-12% dietary protein) had 
higher body weight at 12 weeks than the results of Chomchai et al. (1998a) who 
fed them with 12.13, 13.19, 17.36 and 19.82% dietary protein over 14 weeks for 
each diet. This also validates that feeding system 2 is suitable for 4-line 
crossbreed rearing. According to Chomchai et al. (1998b), 4-line crossbreeds 
receiving 18% dietary protein had better growth than those receiving 11% dietary 
protein and a group that received 18% in the early stages and 11% dietary protein 
in the final stages for the same growing period. This indicates that higher dietary 
protein content improves the body weight and daily weight gain.  
 

5.1.3 Growth of native chickens 
 
The productivity of native chickens is generally poor because of genetic 
disposition, the rural environment, local feed availability, diseases and parasites. 
Several programs have attempted to improve their production to maximize 
profitability, availability for household consumption, as well as for marketing 
purposes. The results of experiment 2 showed that the body weight of native 
chickens had a lower significant difference from the weights of hybrid broilers 
and the crossbreeds. Thus, the growth of native chickens still not exceed that of 
the 3-line crossbreeds in both feeding systems, while 3-line crossbreds exhibited 
similar performances for both feeding systems. Improving the quality of diet 
could improve the growth of native chickens. 
 
The growth of native chickens (Tables 4.10 and  4.11) was compared to the 
findings of Panja (2000). Native chicken raising in Thailand received 18% 
dietary protein for 4 months. The average final body weight was 1,525 g/bird. 
This was similar to the results of Ratanasetagul (1988). Body weights of native 
chickens receiving 21-18% and 19-16% dietary protein for 16 weeks were 
1,327.6 and 1,302.5 g/bird, respectively. Kajarern et al. (1988) in Thailand 
reported that native chickens reared with a diet of the17-14% protein plus 
supplementary formulated feed and scavenging had final body weight at 20 
weeks of only 1,319 g/bird, although the amount of feed intake from natural 
scavenging was not measurable. Leotaragul and Pimkamlai (1999) reported that 
native chickens raised on a research station in Thailand, which received a 
commercial layer diet ad libitum for 16 weeks, reached a body weight of 1,362 
g/bird. Panja (2000) reported that native chickens (source – DLD) raised with 
18% commercial dietary protein and 2,700 Kcal ME/kg for 16 weeks had an 
average body weight of 1,525 g/bird. The results of the experiment are also 
similar to the findings from research in Thailand reported by Teerapantuwat 
(1988), Thummabood (1994) and Leotaragul et al. (1997). In these studies, the 
body weights of native chickens at 16 weeks were 1,200, 1,395 and 1,415 g/bird, 
respectively. Chomchai et al. (1998b) reported that the body weight at the age of 
14 and 16 weeks was 585.63 and 769.33g/bird, respectively when native 
chickens received 11% dietary protein over the entire growing period. Thus, 
dietary energy levels did not influence final weight and growth of native 
chickens i.e. 2,800 and 2,650 Kcal ME/kg for 12 weeks.   



 

 110 

 
Thamabood and Choprakarn (1982) analysed improved native chicken growth at 
the village level. The growth rate remained at 10.6 g/bird/day over 4 months. 
These chickens were free scavengers and were supplemented with 10% dietary 
protein. Improving the growth of native chickens could be achieved by feeding 
them with a good quality diet. The ADG of native chickens reached 15 
g/bird/day when they were fed with a commercial broiler diet (Rotjanasatid et al., 
1983), and was 13 g/bird/day when they received 18% dietary protein 
(Choprakarn et al., 1985). Growth was also affected by environment, i.e less 
stocking density or individual caging. However, the growth of native chickens 
could be as low as 5.95 and 6.97 g/bird/day for the growth stages of 2-14 weeks 
and 2-16 weeks for birds that received 11% dietary protein over the entire 
growing period (Chomchai et al., 1998). Growth of native chickens varied 
according to many factors, i.e. inconsistent genetics. This can be distinguished by 
physical morphology. In some regions contamination of exotic breeds has 
occurred and there is an unidentified genetic pattern. 
 
Feeding system 2 has better potential for native chickens raised by small farmers. 
The farmers can enhance performance further by improving the rearing system, 
such as pen confinement, with bamboo slat floors. However, the raising of native 
chickens with feeding system 2 is also feasible in a free-range system that allows 
scavenging for natural food with supplementary 12% dietary protein over 7-20 
weeks. This is an appropriate system for farmers.  
 
5.1.4 Growth performance models 
 
The growth of the different breeds can be described well with second order 
polynomial models, i.e.  y = a + bx + cx2. Figure 5.1 shows that growths of 
chickens were very slow in the early stage (i.e. the first 3 weeks); this is 
especially evident for the crossbreeds and the native chickens. The hybrid 
broilers displayed a progressively increasing weight until slaughtering, while 3-
line and 4-line crossbreeds exhibited a more regular overall growth pattern 
(Figures 5.1 and 5.2). There were small but significant differences between 3-line 
and 4-line crossbreeds (the 4-line crossbreeds performed slightly better), which 
became more pronounced from the fifth week onwards. The different growth 
patterns between the sexes is shown in Figure 5.2. For all breeds, the body 
weight of male birds was significantly greater than that of the females. 
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Figure 5.1 Polynomial growth models of chickens by breeds in experiment 1  
 

 
Breeds Sex Model equation r

2 

Hybrid broilers Male 
Female 

Y = 38.935x2+40.839x+39.90 
Y = 27.165x2+74.166x+39.90 

0.9933 
0.9864 

3-line crossbreeds Male 
Female 

Y = 6.5652x2+34.703x+39.28 
Y = 4.4873x2+35.171x+39.28 

0.9908 
0.9896 

4-line crossbreeds Male 
Female 

Y = 6.4957x2+48.578x+38.93 
Y = 4.6693x2+42.232x+38.93 

0.9905 
0.9905 

 
Figure 5.2 Polynomial growth models of chickens by breeds and sexes in 

experiment 1 

Breed Model equation r
2 

Hybrid broilers Y= 52.47x2+59.196x+39.90 0.9904 

3-line crossbreeds Y= 5.4423x2+34.587x+38.93 0.9908 

4-line crossbreeds Y= 5.6438x2+45.489x+39.28 0.9905 
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There is an important local niche market in Thailand for chickens with light 
carcass weight, which hybrid broilers reach earlier (Figure 5.1), but they do not 
reach the slaughter maturity for the acceptable meat quality. Raising chickens for 
a longer period, therefore, is not always economical for the farmers. The 4-line 
crossbreeds reach marketable size (1,200-1,400 g/birds live weight) at 9 weeks 
while the 3-line crossbreeds require another 1 to 2 weeks to reach the same 
weight. Female chickens require 2 to 3 weeks longer to reach the same weight as 
the male chicken. The strategy for farmers who raise crossbreeds is to sell the 
chickens that have reached marketable size earlier, particularly during the period 
from week 9 to week 12, either slaughtered on demand or alive. 
 
 
 

 
Breeds Model equation r

2 

Hybrid broilers Y = 26.173x2+11.621x+38.9 0.9958 
3-line crossbreeds Y = 5.902x2+13.519x+37.93 0.9988 
4-line crossbreeds Y = 6.217x2+14.01x+42.10 0.9905 
Native chickens Y = 1.7189x2+42.187x+29.2 0.9921 

 
Figure 5.3 Polynomial growth models of chicken by breeds in experiment 2 
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Breeds Sex Model equation r
2 

Hybrid broilers Male 
Female 

Y = 30.061x2+5.593x+38.90 
Y = 23.357x2+15.266x+38.90 

0.9968 
0.9950 

3-line crossbreeds Male 
Female 

Y = 6.6945x2+13.122x+37.93 
Y = 4.9524x2+17.566x+37.93 

0.9987 
0.9983 

4-line crossbreeds Male 
Female 

Y = 6.9204x2+15.799x+42.18 
Y = 5.1058x2+16.642x+42.18 

0.9993 
0.9986 

Native chickens Male 
Female 

Y = 2.2987x2+43.017x+29.22 
Y = 1.175x2+42.14x+29.29 

0.9937 
0.9896 

 
Figure 5.4 Polynomial growth models of chickens by breeds and sexes in 

experiment 2 
 
The body weight of hybrid broilers was generally higher than that of native 
chickens and native crossbreeds, even when they were fed with a low nutrient 
diet (Figure 5.3). This was attributable to the exceptional genetic potential of the 
hybrid broilers. The growth of native chickens and native crossbreeds showed a 
similar trend, there was even an overlap until weeks 5 to 7. Then, the trend was 
more progressive with the crossbreeds. This demonstrated that crossbreeding of 
local and exotic breeds enhanced the growth of the local breeds. For the hybrid 
broilers, both male and female birds reached marketable size earlier (Figure 5.4). 
This was clearly much slower than in experiment 1, where the birds had reached 
the same size already 3 weeks earlier. There were similar growth trends for the 
same sex with 3- and 4-line crossbreeds. Male chickens showed faster growth 
than female chickens. The 3- and 4-line crossbreeds reached marketable size 
around week 11, about 4 weeks earlier than the native chickens, which reached 
marketable weight in week 15.  Some male native chickens reached marketable 
size after 13 weeks; this was from week 15 for the females (Figures 5.3 and 5.4). 
The average body weight of native chickens at 20 weeks was higher than the 
marketable size reported by Kajarern et al (1988); therefore, farmers could start 
to sell native chickens from week 16 onwards with an average weight size of 
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1,042 g. Teerapantuwat (1988), however, found that the most suitable size for 
marketing of native chickens was 1,310 g.  
 

5.2 Feed utilization efficiency 

 

5.2.1 Feed utilization efficiency of hybrid broilers 

 
The hybrid broilers’ feed intake was significantly higher than the other breeds; 
i.e. for the period 0-7 weeks, the slaughter age for the broilers; it was 4-fold 
higher than the crossbreeds with feeding system 1 and 3-fold higher than the 
crossbreeds with feeding system 2 (Table 4.20). Feed utilization efficiency of the 
hybrid broilers was greater than the crossbreeds, especially with feeding system 
1, with an FCR of 1.99 and feed conversion efficiency of 50.25%. Feed 
utilization efficiency of the hybrid broilers raised with feeding system 2 was still 
better than the crossbreeds, even though the differences were not significant 
(P≤0.05). With feeding system 2, the broilers had a lower feed intake than with 
feeding system 1 (P≤0.01). This was probably because the diet was not 
homogenous in grain size. The ground maize was very fine and had a broad 
grain-size range. This probably affected the intake ability of the broilers and the 
digestibility of the feed. Choil et al. (1986) cited by Nir (1994) confirmed that 
the texture of the diet affects digestibility, especially in the gizzard. It was found 
that the gizzard of hybrid broilers was much smaller than native chickens and 
crossbreeds. The fine particles in the diet caused agglomeration of pasty material 
on the beak, leading to an increase in water consumption and waste of feed in the 
water troughs (Eley and Bell, 1948 cited by Nir, 1994). Moran (1982) suggested 
that particle preference might be related to beak size – as birds age, their 
preference for large particle size increases (Nir et al., 1990). The higher feed 
utilization of the broilers is due to their genetic disposition. In commercial 
systems, they are usually allowed to feed ad libitum to ensure rapid growth 
(NRC, 1994). Particle size affects the feed utilization of the chicken; ground 
maize grain in particular requires a strong contraction of the gizzard, leading to 
long retention of food in the gut; this affects the quantity of feed intake, which is 
clearly evident in experiment 2. However, hybrid broilers had higher capacity for 
a mixed diet than native chickens and native crossbreeds. As they attempted to 
eat as much as they could for energy, so behavior was constrained due to 
bulkiness; texture and palatability of the diet (Smith, 1990).  
 
The feed utilization of hybrid broilers in experiment 1, which were fed with a 
commercial broiler diet, was better than the report of Sae-tang (1998) with 
overall a lower FCR, although there was higher mortality (15%). Kajarern and 
Kajarern (1984) reported that suitable dietary protein was 20 and 17% for 1-4 
weeks and 4-8 weeks. Priem-Ngu-luam (2000) found that the level of dietary 
protein could be reduced by about 10% by supplementing with amino acid (about 
20% of the amount recommended by NRC, 1994, i.e. methionine and cystein). 
Hybrid broilers had the same growth as the control treatment. Maximized growth 
was generally achieved by improving the quality of diet and feeding regime. 
Optimum growth performance, dietary quality and investment are factors for 
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hybrid broiler raising by small-scale farmers, who focus on the local market and 
consumers. Feeding system 2 would be preferable.  

 

5.2.2 Feed utilization efficiency of crossbred chickens  
 
The amount of feed intake of the two types of crossbreeds was significantly 
different among feeding systems. Higher feed consumption occurred with 
feeding system 1 compared to feeding system 2 (P≤0.01). The amount of feed 
intake by 4-line crossbreeds was higher than 3-line crossbreeds when feeding 
system 1 was used, but it was the same in feeding system 2 (P>0.01) for the 
overall growing period (0-12 weeks). During 0-7 weeks, the 4-line crossbreeds 
responded better to higher quality feed than the 3-line crossbreeds; 3-line 
crossbreds responded identically to both types of feeding systems. For weeks 8-
12, feed utilization of 4-line crossbreeds was not significantly different between 
the two feeding systems (Table 4.21). Adaptation to feed by the crossbreeds was 
more clearly shown by a 3-fold increase in feed intake from 9 to12 weeks (the 
digestibility of coarse particles also increased). 
 
Lower feed quality affected the amount of feed intake for all types of chickens, 
as their feed intake was lower compared to the good quality diet. Therefore, feed 
consumption among the crossbreeds was not significantly different. Improving 
native chickens by crossbreeding with other breeds could improve feed intake 
because crossbreeds exhibited greater feed intake (40% higher, 0-12 weeks) than 
native chickens in feeding system 2 in all growth stages, the type of feed being 
suitable for native chickens. Native chicken feed intake is characteristically low 
which leads to reduced growth. Chomchai et al. (1998b) reported that the feed 
intake of a 4-line crossbreed (NSRB) was higher than native chickens in all 
growing stages; also feed conversion efficiency was better in all growing stages.   
 
Good quality diet correlates with a higher rate of feed intake. Three-line 
crossbreeds consumed 54.4 g and 45.3 g/bird/day for 0-12 weeks when they 
received feeding system 1 (21-19-17% dietary protein) and 2 (19-17-12% dietary 
protein), respectively. These observations correspond well with the observations 
by Panja (2000) who found that average feed intake of 3-line crossbreeds from 3 
different sources (commercial), receiving 18% dietary protein with 2,700 kcal 
ME/kg through 16 weeks was 50.7, 54.8 and 53.2 g/bird/day for the different 
crossbreeds. It was slightly higher in feeding system 2 of the study. However, 
these data were much lower than 78.1-81.4 g/bird/day average feed intake over 
2-16 weeks reported by Purintrapiban (2004). They fed 3-line crossbreeds (NRB) 
with 16% dietary protein and an energy level of 2,800-3,000 kcal ME/kg for 16 
weeks. Oil palm stimulated feed intake, but less energy was obtained due to palm 
kernel cake containing higher fiber which poultry digest poorly. 
 

The overall (0-12 weeks) feed intakes of the 4-line crossbreeds were 57.3 and 
44.8 g/bird/day for feeding systems 1 and 2, respectively. The intakes were 56.5, 
53.5 and 42.8 g/bird/day, respectively. The amount of feed intake was lower in 
the lower dietary protein scheme. This led to slower growth of chickens because 
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birds did not receive enough protein and other nutrients, especially during the 
early stages of growth, which affected the growth of tissues and organs (Kantho, 
1986). Chomchai et al. (1998a) also confirmed that chickens receiving lower 
levels of dietary protein demonstrate lower daily feed intake than chickens 
receiving higher dietary protein. This observation corresponded well with the 
report of Banasitthi (1988). The NRC (1984) states that lack of essential amino 
acids in the diet leads to a decreased level of amino acid in the blood, and the 
animals adjust by reducing their feed intake. Nevertheless, energy levels in the 
diet also influence the amount of feed intake by chickens. Chickens that received 
a low energy level diet had higher feed intake than chickens that received higher 
energy level feed.  
 
Feed utilization efficiency of 3-line crossbreeds was lower than 4-line 
crossbreeds when they received the same type of diet. They responded positively 
to the good quality diet. The FCR of the 3-line crossbreeds was 2.93 and 3.23 for 
feeding system 1 and 2, respectively. Whilst the FCR of 4-line crossbreeds fed 
with both feeding systems was 2.77 and 3.03, respectively. Panja (2000) reported 
an FCR of 3.11 for 3-line crossbreeds (produced by the DLD) fed with 18% 
dietary protein and 2,700 kcal ME/kg for 16 weeks. In the same type of chicken 
(produced by two private companies) fed with the same diet, the FCR was as low 
as 2.69 and 2.77, respectively. These FCRs were much lower than those reported 
by Purintrapiban (2004) which were as high as 3.48-3.59 for 3-line crossbreeds 
(NRB) receiving 16% dietary protein and an energy level of 2,800-3,000 kcal 
ME/kg for 16 weeks. Intarachote et al. (1996b) found that the FCRs of 3-line 
crossbreeds (NSB) and 4-line crossbreeds (NSRB) receiving commercial broiler 
diet during the 8-12 weeks of growth were 3.56 and 3.26, respectively, whereas 
FCRs during 0-12 weeks were 3.16 and 2.49, respectively. This corresponded 
well with the findings of Chomchai et al. (1998a) who found that FCRs at 14 
weeks of 4-line crossbreeds receiving 18, 11 and 18-11% dietary protein were 
3.43, 4.92 and 4.18, respectively. These findings suggest that 4-line crossbreeds 
have greater feed utilization capacity than 3-line crossbreeds.  

 

5.2.3 Feed utilization efficiency of native chickens 
 
Native chickens and their crossbreeds consumed less feed during the first three 
weeks; crossbred chickens demonstrated slightly higher feed intake, adaptation to 
feed and faster consumption than native chickens. In a typical small-farm 
environment, high mortalities among chicks were normal. The amount of feed 
intake was not significantly different among native chickens and crossbreeds 
during 0-7 weeks, but the feed intake of native chickens was lower. The amount 
of feed intake was significantly different among the chickens during 8-12 weeks. 
Nevertheless, feed utilization efficiency was not significantly different. Growth 
of the native chickens was lower (Table 4.10 and 4.11) indicating that feed intake 
directly affected the growth performance of native chickens.  
 
Difference in dietary protein did not affect the growth of native chickens 
according to Teerapantuwat (1988) who found that native chickens in Thailand 
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fed with 17, 16, 15 and 14% dietary protein were not significantly different in 
their final body weights. However, Rattanasetakul et al. (1988) reported that 
native chickens reared with 18% dietary protein had no significant difference in 
their growth, but the growth of chickens fed with 19% dietary protein was higher 
than those that received 18, 16 and 14% dietary protein. 
 
The average daily feed intakes of native chickens during the periods 0-12, 0-15 
and 0-20 weeks when they received feeding system 2 (19-17-12%) were 31.7, 
39.0 and 49.0 g/bird/day, respectively. This corresponded with the findings of 
Panja (2000) where native chickens receiving 18% protein and 2,700 kcal ME/kg 
energy diet over 16 weeks had feed intake of 50.7 g/bird/day. Feeding native 
chickens with higher dietary protein (19-17%) during the early stage (0-6 weeks), 
and then fattening them with 12% dietary protein could maintain good feed 
utilization comparable to feeding with a high protein and energy diet throughout 
the growing period.  The FCRs of native chickens receiving feeding system 2 
during 0-12, 0-15 and 0-20 weeks were 2.75, 3.48 and 4.33. This corresponded 
with the findings of Panja (2000) and Theerapantuwat et al. (1988).  
 
These findings demonstrated that feeding system 1 was suitable for high-
performance breeds, such as hybrid broilers. However, local improved breeds 
could respond to a wider range of dietary quality, the different quality of the feed 
had little significant influence on feed intake and feed utilization. The results of 
the experiments indicate that native chickens and their crossbreeds could adjust 
their feed intake and utilization performance, even if they were fed with lower 
dietary protein.    
 
5.3 Stocking densities and effects on production 
 
Maximizing production through the selection of suitable housing floors and 
stocking density were investigated to discover types of material and numbers of 
bird per unit of area. In the more intensive raising of crossbreeds, the number of 
chicks per unit area was considerable in order to improve growth and feed 
utilization. But high stocking density leads to be the problem of cannibalism. The 
stocking density of native chickens and their crossbreds was 8.9 birds/m2. 
Stocking densities of 0.33 bird/m2 and 3 birds/m2 were suitable for rearing on 
grass and concrete floors for crossbreeds, respectively (Intarachote et al., 1996). 
Whilst the stocking density was 1.7 birds/m2 for the poultry run system (with 
additional space) and 5 birds/m2 in the litter floor (feedlot and housing system) 
for 4-line crossbreeds (Chomchai et al., 1998b). Chomchai et al. (1998a) found 
that 2.8 birds/m2 was suitable for litter floors, whereas as many as 8 birds/m2 
were found in the rice husk hard ground floor system for 3-line crossbreeds as 
reported by Laopaiboon et al. (1999). These levels of stocking density showed 
there was no significant difference on growth performance.   
 
For hybrid broilers, the stocking density was 8.9 birds/m2. This was rather low 
compared with the intensive system. The stocking density of hybrid broilers for 
each growing stage of 1, 2, 3, 4, 5, 6 and 7 weeks could be 50, 40, 35, 28, 23, 20 
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and 18 birds/m2 (Oluyemi and Robert, 1981 cited by Laohakaset, 1997). Thus, 
stocking density could be 22 birds/m2 at placement and chickens were grown to 
42 days of age according to Veldkamp and Middlekoop (1997) or 29, 21, 16 and 
13 birds/m2 according to Hartmant (1992). However, low stocking density (13 
birds/m2) resulted in significantly higher body weight and carcass weight at 7 
weeks than the higher stocking density (29 birds/m2.). At 6 weeks of age, the best 
FCR occurred in broiler stocking density of 29 birds/m2 whereas the poorest FCR 
was found in the lowest stocking density (13 birds/m2). Abdominal fat pads from 
the lowest stocking density (13 birds/m2) were significantly larger than either 29 
or 21 birds/m2. There was no significant difference in mortality rate among low 
and high stocking densities. The highest stocking density had significant 
occurrence of breast blisters and ammonia burns. Nevertheless, the highest 
stocking density gave the highest profit per unit of floor. 
 
In experiment 2, hybrid broilers grew much more slowly but there were no 
effects from the floor space; a few even reached 2.5 kg in body weight and still 
had enough space to move. The stocking density of native chickens and their 
crossbreeds was higher than other research. They were crowded in their pens 
when their body weight exceeded 1 kg. This was solved by providing bamboo 
roosts inside their pens over the floor. The roosts not only effectively reduced the 
crowding of birds on the pen floor, but also reduced fighting for space among the 
chickens, thus improving the carcass quality by reducing breast and foot pad 
blister. Sometimes they scratched their skin against the iron wire used for fixing 
the bamboo roost; thus nylon rope or nails should be used to fix the roosts instead 
of iron wire. 
 
5.4 Effect of pen floor on production   
 

Floor type is a key factor because it affects carcass quality and litter 
management. Several types of floor were tested: types of mesh (wire, steel and 
plastic), three types of perforated floor (wood, Styrofoam, and plastic) and three 
types of dwelling (rigid, rotating and padded) with a solid wood floor with wood 
shaving litter. Akpobome and Fanguy (1992) recommended that any cage floor 
system can be used for chicken raising without mortality effects; only a wire 
mesh floor can cause mortality and a significant reduction in live body weight at 
6 and 8 weeks of age. The study suggested that a padded dowel floor system can 
be used to produce cage broilers of about 2,500 g in weight without leg or breast 
damage. These birds will be equivalent to those currently produced by the 
industry on a litter floor system. 
 

Raising chickens on a bamboo slat floor lined with seine netting had great 
potential for improving the growth performance of hybrid broilers, native 
chickens and their crossbreeds. It provides a favorable environment for animals 
in terms of welfare and cleanliness, because manure passes through the floor to 
accumulate on the receiver underneath the housing. Thus chicken manure can be 
recovered easily for use as agricultural fertilizer. This system is also beneficial 
for small-scale farmers as materials are generally available locally. Reece et al. 
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(1971) recommended that raising poultry on cage floors eliminates litter cost, 
reduces the cost of medication, improves feed conversion, reduces housing cost, 
controls disease problems, reduces labor cost, decreases incidence of bruising 
and reduces the cost of moving broilers to the processing plant. However, 
Veldkamp and Middlekoop (1997) support with the information that overall 
improvement for hybrid broiler rearing could be 3.3% in weight gain, 1% in feed 
efficiency and 10% mortality if ventilated floors are used instead of regular litter 
floors. Dry litter over the ventilated floor resulted in better broiler health. The 
ventilated flooring concept is an environmentally friendly housing system that 
improves performance of broilers, especially in summer and at high stocking 
densities. Economically, however, the system increased broiler production cost 
by 3%.  In Thailand, another system reported by Chomchai et al (1998) reported 
that raising 4-line crossbred chickens (NSRB) in different pen conditions 
(housing and poultry run) had no effects on growth and feed utilization. 
However, feed intake of chickens raised in feedlot pens was significantly higher 
to chickens raised otherwise.  
 
5.5 Mortality of chickens 
 

Tables 4. 4 and 4.28 show that hybrid broilers were more susceptible to the 
environment than others types of chicken. A major factor affecting mortality was 
the rapid increase in body weight of hybrid broilers. Mortality and fat levels were 
also higher in birds on higher energy commercial diets compared to old diets. 
Birds with high abdominal fat levels were observed to also have much fat 
throughout the visceral mesentery, around the heart (Harvenstein et al., 2003). 
Mortality of broilers in the tropics is higher due to heat stress (Chaiyabutr, 2004). 
Ouart et al.(1990) reported that during heat stress and unrestricted feeding, the 
mortality of broilers was as high as 41%, similar to the report of May et al. 
(1987). This could be reduced by spraying water onto the bamboo slats so the 
water can accumulate on the floor underneath. A wet floor is positive for hybrid 
broilers because the body temperature is reduced, hence, growth is greater and 
mortality is reduced.  
 
The mortality of other types of chicken in both experiments was not significantly 
different among breeds and among feeding systems. Generally, native chicken 
are tolerance to heat stress. Crossbreeding of exotic breeds with native chickens 
could increase heat tolerance as well (Gowe and Fairfull, 1995).  The mortality of 
native chickens raised at the village level could be as high as 20-30% from day-
old chicks to 4 months of age (Choprakarn, 1988) because of respiratory 
disorders, higher susceptibility to other infectious diseases, external parasites and 
internal parasites (Kajarern et al., 1988); Namdaeng (1990); Laopaiboon and 
Jitpraneechai (1999); Chantalakhana and Skunmun (2002). 
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5.6 Carcass quality 
 
5.6.1 Carcass quality of hybrid broilers 

 
Hybrid broilers had higher carcass proportions than 3- and 4-line crossbreeds 
when they received feeding system 1. Hybrid broilers had higher fat content and 
much thicker skin than other types of chicken. Thus, the bone proportion of 
hybrid broilers was lower than other types of chicken in either feeding system. 
Feeding system 2 did not affect the total carcass (p>0.01) but it affected the 
dressed percentage (p≤0.05). Nevertheless, hybrid broilers receiving feeding 
system 2 still had a higher proportion of breast meat than other breeds (p≤0.01). 
The percentages of breast meat were not significantly different between 
crossbreeds and native chickens.  

 

Dressed carcass percentages of hybrid broilers were affected by feed and feeding 
systems and breeds. Hybrid broilers had higher dressed carcass percentages when 
they received feeding system 1 because they received a completely nutritious 
diet. Genetics were the major contributor to the change of yield over time. They 
contributed about 85 to 90% of the differences observed in carcass and part yield, 
whilst nutritional changes accounted for 10 to 15% of these differences. For 
example, the breast meat averages at 43 days for the broiler strain in 1957 and 
2001 were 11.6 and 20.0% live weight, respectively (Harvenstein et al., 2003).  
 
Meat yield of hybrid broilers decreased by 6% with 2% total bone increase when 
they received feeding system 2. The quality of diet clearly affected the proportion 
of meat yield. A decrease in nutritional composition affected the meat yield of 
hybrid broilers. Harvenstein et al. (2003) reported that nutritional changed 
accounted for 10 to 15% of these differences.  
 
Hybrid broilers had higher percentages of total fat than other types of chicken. 
Modern diets after 2001 produced consistently better growth rate but also 
produced considerably higher fat levels than 1957. However, abdominal fat in 
males was lower than females. Fat-related traits appear to be dependent upon the 
sex of the progeny (Barbato et al., 1998) and feeding regimen (Barbato et al., 
1994) cited by Barbato (1992). Carcass weights averaged 66% of body weight 
for all crosses.  
 
5.6.2 Carcass quality of crossbreeds 
 
Three-line crossbred chickens that received feeding systems 1 and 2 exhibited 
higher percentages of total carcass than reported in the study by Panja (2000). 
The total carcass percentages of 3-line crossbreeds produced by commercial 
companies and from the DLD were 75.81-77.98 and 75.22, respectively. 
However, the weight of the carcass was derived mainly from the live weight of 
the chickens, because a heavier live weight leads to a higher carcass weight. The 
experiments also confirm the results of the study by Vorachantra and Tancho 
(1996) which state that a 3-line crossbred strain (Suwan 6) responded non-
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significantly on the dressed carcass percentage with different levels of dietary 
protein and energy. Although in general chickens that received a high level of 
dietary protein also had a higher percentage of total carcasses.   
 
Intarachote et al. (1996a) found that the percentages of total carcass of 3-line 
crossbreeds (NSB) and 4-line crossbreeds (NSRB) at 12, 16 and 20 weeks were 
not significantly different between the types of chicken. However, the male 
chickens had higher percentages of total carcass than the females and this led to 
higher proportions of carcass. However, there were no significant differences in 
the percentages of total carcass between the breeds of chicken and the age groups 
at 12, 16 and 20 weeks. 
 
With feeding system 1, the 4-line crossbreds had higher percentages of total 
carcass than with feeding system 2. This clearly indicates that a lower protein 
level diet affects the percentages of total carcass. The results correspond to the 
report of Chomchai et al. (1998a). They found that 4-line crossbreeds (NSRB) 
that received dietary protein levels of 13.91, 17.36 and 19.82% were similar in 
their percentages of edible carcass (dressed carcass + shank + head-neck + 
dressed viscera (liver, gizzard, heart and intestines). Nevertheless, the 
proportions were higher than those receiving 12.13% dietary protein. Chomchai 
et al. (1998b) found that at the age of 14 weeks, the percentages of dressed 
carcass of the 4-line crossbreeds (NSRB) and native chickens receiving the same 
type of feed were not significantly different; but when slaughtered at 16 weeks, 
there were significant differences. However, 4-line crossbreeds had higher 
percentages of dressed carcass and the protein content in meat was also higher, 
but the fat content in the meat was lower than that of native chickens. The 
difference in the percentages of total carcass was influenced by the reduction in 
meat production due to lower protein uptake (Kantho, 1986).  
 

5.6.3 Carcass quality of native chickens 
 
The carcass quality of native chickens raised with feeding system 2 was better 
but not significantly different from the crossbreeds (P>0.01). However, the 
general trend of native chicken carcass quality was better, especially in terms of 
the proportions of meat and fat pad. Native chickens had the highest proportion 
of meat (36.11%) and  the lowest proportions of skin (7.43%) and bone 
(20.13%). Thus, they had the lowest proportions of total fat (2.62%) and fat pad 
(1.76%). The proportions of total carcasses, dressed and meat, were similar to the 
results reported by Teerapantuwat (1988) who found that the carcass proportion 
of a 1,200 g native chicken (body weight) was 78.41%, with meat proportion of 
36.07%. The proportion of native chicken carcass was higher at the age of 16 
weeks. The proportions of meat at 12, 16 and 20 weeks of age were 29.5, 36.5 
and 33.8%, respectively. This was slightly higher than figures reported by 
Toomsen (1988), who found that the percentage of total carcass of native 
chickens was 76.83% at the age of 16-20 weeks. This was lower than the 
findings of Laopaiboon et al. (1983) who reported a total carcass proportion of 
native chickens of 85.4%.  
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Although, native chickens were only raised with feeding system 2 in the 
experiments, the carcass proportion of native chickens was not significantly 
different (P<0.01) from the crossbreeds. Intrachote et al. (1996b) and Panyavee 
et al. (2002) confirmed that the dressed carcass proportion of native chickens at 
2-6 months was higher than pure-breeds like Shanghai and Rhode Island Red. 
However, this is contrary to Isriyodom et al. (1993) who found that the carcass 
percentage of native chickens and Rhode Island Red at the age of 16 weeks was 
not significantly different. Native chickens responded better to higher levels of 
dietary protein, but did not reach maximum size as the crossbreeds because their 
genetic potential was lower than the crossbreeds (Tables 4.10 and 4.11). 
Nevertheless, their carcass characteristics when receiving the lower quality diet 
were as good as crossbreeds receiving higher quality feed. For this reason, lower 
level dietary protein was more suitable for native chickens. Teerapantuwat et al. 
(1988) confirmed that there was no significant effect on the percentages of 
carcasses from different levels of dietary protein.  
 

5.6.4 Comparison of carcass proportions and body composition 
 
For feeding system 2, the body composition ratios (meat: skin: bone: total fat) of 
native chickens, hybrid broilers, 3- and 4-line crossbreeds were 
13.78:2.84:7.68:1.00, 5.81:1.23:2.88:1.00, 10.26:2.15:7.46:1 and 
13.58:2.66:9.93:1, respectively. The percentages of meat: bone of native 
chickens fed with feeding system 2, with hybrid broilers, 3- and 4-line 
crossbreeds fed with feeding system 1 were 1.79:1, 2.02:1.00, 1.37:1 and 1.36:1, 
respectively. This clearly indicates that native chicken carcasses slaughtered at 
20 weeks were better than hybrid broiler carcasses (7 weeks), 3-line crossbreeds 
(12 weeks) and 4-line crossbreeds (12 weeks). Native chickens fed with feeding 
system 2 had better carcass proportion than 3- and 4-line crossbreeds which were 
fed with feeding system 1 because of the higher meat: bone ratio. The body 
composition of native chickens was not as good as the hybrid broilers because 
they had a lower meat: bone ratio. This indicated that native chicken carcasses 
had higher proportions of bone than the hybrid broilers. However, the meat: fat 
ratio of native chickens was greater than that of the hybrid broilers. This 
indicates that native chicken carcasses had less fat, which is considered 
unhealthy and is therefore not wanted by the consumer (Heath et al., 1980). 
Hybrid broiler production aims at higher breast: meat yield and lower abdominal 
fat. This focus responds to the consumers’ desire for healthier meat, and to the 
evolution of the market through a rising demand for portioned and processed 
products (Barton, 1994 cited by Le Bihand-Duval et al., 1999). 
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5.7 Marketable size and consequences for chicken rearing 

 
Hybrid broilers raised with feeding system 1 were better than those in feeding 
system 2. The hybrid broilers grew much faster and therefore reached marketable 
size much earlier. Considering the range of marketable size for hybrid broilers, 
the slaughtering age could be reduced. Raising hybrid broilers on bamboo slat 
floors – as practiced in the experiment – has proven to be suitable for small 
farmers, providing a favorable and hygienic environment for the chickens and 
making litter removal easy and less labor intensive. However, a main concern is 
the more frequent development of blisters on the breasts, knees and feet. This is 
due to the heavy body weight of the hybrids. These blisters affect the quality of 
carcass, and consequently customers may not buy them. This problem could be 
curtailed by shortening the rearing period and hastening supply to the local 
market. 
 
The 3- and 4-line crossbreeds had a high market demand (live marketing) 
because of their similarity to the native chickens, especially their feather color. 
Crossbreeds at the age of 10 weeks reached a suitable size for home consumption 
and for traditional roasting, and rearing could continue easily until 12 weeks if 
the market required a larger size. The local market requires a type of chicken that 
is similar to the native chicken (Laopaiboon et al.., 1999). For this reason, 
according to Jeenduong et al. (2001) the 3-line crossbreeds are the most popular 
among crossbreed-raising farmers. Crossbreeds are normally slaughtered and 
sold as total carcass, including giblets. Body conformation would attract 
customers, who place importance on body length and length of shank and 
drumstick, etc. These characteristics were found in 3-line crossbreeds, being very 
similar to native chickens. Thus, the selling price would be the same as for native 
chickens. A body weight of 1,300 g/bird, the size requirement by consumers, is 
recommended; this is suitable for traditional Thai dishes. In this respect any 
native crossbreed is suitable such as 2- and 3-line crossbreeds.  
 
Leotaragul and Pimkamlai (1999) and Chomchai et al. (1998b) reported that the 
marketable sizes of native chicken in Thailand ranged between about 1,200 and 
1,500 g/bird. The marketable size of native chicken is one of the most important 
criteria for farmers to decide whether to raise native chickens for the market. The 
marketing systems are village level, sub-district level, and town level; 
middlemen sell the chickens. Normally, the price of native chickens could be 20-
25% higher than hybrid broilers, and this could double during the Chinese New 
Year festival (Choprakarn, 2001). In Africa, live indigenous birds are on sale 
wherever there is a market. Many birds are transported in large wicker baskets, 
on lorries, from rural to urban areas. In Kenya, besides supplying poultry meat 
and eggs for human consumption, the scavenger chickens are sources of petty 
cash. They also fulfill a social function – a visitor may give a chicken as a gift on 
departure (Musiime, 2003).  
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5.8 Native chicken genetic improvement, conservation and utilization 
 
Currently, native chickens are considered to be the least valuable farmers’ asset, 
but they help to supplement incomes and the nutritional status of rural families. 
The rearing of village chickens requires little or no inputs; hence, it is less 
affected by the constraints of intensive farming. This is very important in 
developing countries. Improving the genetic disposition of native chickens might 
not exactly meet the needs of farmers. Native chicken genetic conservation is a 
necessary requirement for future generations. Crossbreeding programs of native 
chickens with exotic breeds has a positive aspect, production-wise, but this is 
offset by contamination from exotic genes or loss of genes that play important 
roles in the performance of native chickens. Earning cash may not compensate 
for the loss of genes that could lead to new disease outbreaks, loss of texture and 
palatability of meat. The key factor is to avoid inbreeding. There are 17 lines of 
native chicken in Thailand. The lines should be considered as the gene pool by 
all development agencies and stakeholders, i.e. governments, the private sector 
and farmers. The conservation of native chickens not only benefits a country but 
also has benefits globally by preserving genetic material. The commercial 
selection program over the last 50-60 years has led to a decrease in the genetic 
strength of poultry making them more susceptible to diseases. Balancing the 
development and conservation of native chicken genetic disposition could be key 
activities in the future (Phalarak, 2001). In Lesotho, people have kept village 
poultry for centuries. There have been attempts to improve the productivity of 
these chickens by crossbreeding with imported Plymouth Rock stocks in order to 
meet the increasing nutritional demands of rural people. Some farmers tried to 
rear them under management systems similar to those used for commercial 
hybrid chickens. The performance was poor, compared to those that were left to 
roam and scavenge but their progeny have better body mass than indigenous 
chickens and they are resistant to disease (Khomari, 2003). 
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6 SUMMARY AND CONCLUSIONS 

 
Chickens are important economic livestock in Thailand. The technology for 
intensive chicken production is advanced. The country is one of the world’s 
leading chicken producers, and the major producer in the region of both meat and 
eggs. About 86% of chicken products on the Thai market come from hybrid 
broilers; 13% are from indigenous chickens. The main production areas are the 
Eastern Region (40%) and the Central Region (35%). In the northern and 
northeastern regions, production is 12 and 13%, respectively. A large proportion 
is produced exclusively for export. About 80% of broilers are produced by large 
multinational companies. Because of the high quality requirements, chicken-meat 
production for export requires advanced technology. Small farmers do not have 
the investment capacity for this. Another increasingly important issue affecting 
the poultry industry is animal welfare. European countries especially require high 
animal welfare standards during production and maintenance of good health; this 
can only be ensured by large commercial-scale producers. 
 
In Thailand, the consumption of chicken meat, especially in the urban areas, is 
high.  Traditionally, native chickens have played an important role in the 
nutrition and protein supply of rural people. But because of slow growth and the 
relatively low productivity of native breeds, their share in local markets is 
insignificant. It is estimated that 90-120 millions indigenous chickens are 
produced annually. Forty-five percent of indigenous chickens in the country are 
raised in the northeastern region, the majority by rural households (80%) – 
mainly for home consumption but also for sale. Some chickens are kept as pets 
and as fighting cocks. The country has been quite successful in improving 
crossbreeds of native chickens for meat. But adoption by small farmers has been 
low and most crossbred native chickens are produced by medium-scale 
commercial raisers. Native chickens are still the major type of poultry on small 
farms. The market demand for native chickens is relatively high but the supply is 
rather limited because the current rearing system is problematic. Several attempts 
have been made over the past twenty years to improve native chicken production 
for small farmers. Native chickens are usually raised in extensive systems, often 
with supplementary feeding of rice by-products of low quality. An important part 
of their feed and vitamin supply is obtained from scavenging natural food. The 
major feed source for native poultry kept on small farms is based on crop by-
products and residues. 
 
This study considered improving the livelihoods of small farmers through better 
integration of livestock, in this case chickens, into the current farming system. 
Profitable niche opportunities could be developed for small farmers based on 
indigenous types of chicken, which are assumed to be better suited to the tropical 
climate and to the conditions on smallholder farms than high-performance 
hybrids, and the use of on-farm feed sources which are often not utilized 
efficiently. The chickens would be raised under largely natural conditions and in 
an animal-friendly way. Such a system would make the best use of already 
available resources, with an absolute minimum of external inputs and with no 
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negative environmental impact as generated by many of the large-scale high-tech 
chicken production systems. 
 
This study also aimed at identifying suitable feeding regimes for native chickens 
that reduce dependence on commercial feeds and make better use of on-farm 
feed resources. For this, the growth performance of different breeds of chickens 
was studied under different feeding regimes and with an emphasis on typical on-
farm feed resources. Also, the effect of the feeding regimes on carcass quality 
was investigated. 
 
The study was carried out on-station. Four breeds were tested: native chickens, 
commercial hybrid broilers, a 3-line crossbreed and a 4-line crossbreed. Two 
feeding systems were used; (i) commercial hybrid broiler feed (feeding system 1) 
and (ii) formulated feed (feeding system 2). Each experimental pen (block) had 
fifty birds, 2-3 days old. Feeding was ad libitum with supplements – via the 

drinking water - of vitamins and minerals. 

 

The basic performance indicators measured were weight gain, feed intake and 
feed utilization efficiency, and carcass quality.  
 
The results are summarized hereunder: 
 
 Hybrid broilers receiving feeding system 1 reached a body weight of 1,000-
1,250 g at the age of 20-25 days; rearing continued until week 7 producing a 
body weight of 2,500 g, as required by local consumers. During this period, 
mortality was high thus reducing the economic return. Feed utilization efficiency 
was higher than with the other breeds, and also better than with feeding system 2. 
With feeding system 2, which was supplemented with ground maize at rates of 
30% between the age of 0-3 weeks and 50% at the age of 4-6 weeks, the chickens 
reached the same size two weeks later. During the first eight weeks, the 4-line 
crossbreed had greater body weight gain when fed with commercial hybrid 
broiler feed. However, during the fattening period (8-12 weeks) it was beneficial 
to add 12% dietary protein (feeding system 2). For the 3-line crossbreed, growth 
performances with feeding system 1 and feeding system 2 were similar; but the 
trend was slightly steeper with feeding system 1. However, the overall growth 
performance was still lower than for the 4-line crossbreed. The feed intake rate of 
the 4-line crossbreed was clearly higher than the 3-line crossbreed, as was feed 
utilization efficiency. The 4-line crossbreed grew faster and reached a marketable 
size (1,200-1,400 g/bird) at the age of nine weeks, whereas the 3-line crossbreed 
required another 1-2 weeks to reach the same body weight. 
 
 
   Native chickens raised with feeding system 2 had good growth, feed utilization 
efficiency and carcass quality. The body weight of native chickens reached 
marketable size by week 15, 3-4 weeks later than the 3- and 4-line crossbreeds. 
The percentage of the total carcass of the native chickens was not significantly 
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different from the crossbreeds, but the trend was higher and the carcass contained 
lower total fat. Locally available feed, such as maize, also provides a favorable 
alternative for small farmers to increase farm productivity and family income. 

 
 

  The study showed that the two feeding regimes tested had significant influences 
on growth, feed utilization efficiency and carcass quality for all four types of 
chickens. For each type of chicken, the response was different, sometimes 
significantly. The results show that there are feasible options for profitable 
chicken rearing for small-scale farmers without sophisticated and expensive pens 
or cages. Particularly, if the feed resources available on the farm (i.e., not 
purchased) can be integrated into the rearing system. This would certainly 
contribute to an enhancement of the livelihoods of small farmers.  

 
  With supplemented local feed, hybrid broilers reached marketable size at the 
age of 5-7 weeks. Crossbred native chickens (3- or 4-breed crossing) – depending 
on the type of crossbreed – reached marketable size at the age of 9-12 weeks. 
Native chickens reached marketable size at the age of 15-20 weeks. 

  
  The advantage of native chickens – and to a certain degree also of the 
crossbreeds – is their good adaptation to environmental conditions on 
smallholder farms, and their relatively high resistance to diseases. 

 
  The growth performance of the chickens was linked to their genetic potential 
and their adaptive capacity to the environment. Birds with high genetic potential 
(e.g. hybrid broilers) only showed a superior performance under suitable 
environmental conditions. Native chickens tolerate poor environments (such as 
on smallholder farms); they tend to respond positively to slight improvements in 
feed and the keeping system. This makes the raising of native chickens are an 
economically promising option for small farmers. In the study area, native 
chicken feeding is based on maize products. Feed quality can be improved 
significantly by supplementing maize with formulated feed from feed mills. To 
maintain the growth performance and feed utilization efficiency, the level of 
dietary protein is important.  

 
  All types of chickens had better rearing environment when they were raised on 
a bamboo slat floor covered with netting. The slat floor kept the chickens away 
from the feces, which improved hygiene; there was a certain amount of 
temperature control, and manure was easily collected. A roost inside the pen 
reduced the stress on the chickens caused by fighting for space and often 
cannibalism. The chickens could freely fly, jump, walk and run and rest inside 
the pen, which improved general animal health and welfare. The accumulated 
manure underneath the pen floor should be removed frequently, depending on the 
condition of the manure; broiler manure should be removed more frequently 
because it contains more moisture and creates ammonia gas. The manure of the 
crossbreeds and the native chicken was rather dry.  

. 
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  At a stocking density of 8.9 birds/m2, the rearing period for hybrid broilers 
should not exceed five weeks by such stocking density. Because of the rapidly 
increasing body size, floor space and access to the drinking devices are limited 
after this period. Whereas, at the same stocking density, the crossbreeds and the 
native chickens could use the extra space provided by the roost inside the pen. 
For the hybrid broilers and the native chickens, the roosts improved space 
utilization, increasing the yield per unit area under the ad libitum feeding system.  

 

Recommendations 

 

• Other feed sources such as paddy rice for all types of chicken should be 
investigated for small-scale farmers. 

• The quality of meat should be investigated in order to reveal customer 
preference. 

• Strategies to utilize collected chicken manure should be investigated for 
use as crop fertilizer. 

• Analyse the return of investment in terms of economic analysis to evaluate 
the system. 

• Investigate the nutrient flow performance from feed to meat, manure and 
crop uptake and retention in the soil and loss to the atmosphere.  

• Develop a marketing system for native chickens comprising several 
marketing channels with linkages among the consumers and producers, 
within the country and abroad. The current marketing system is based on 
middlemen involvement. A better marketing system would benefit small-
scale farmers in rural areas. 

• The availability of a large numbers of native chicks at the village level 
would promote the raising of native chickens. Chick production and 
reducing the cost of native chicks should be studied. Promoting the 
rearing of native chickens would support genetic conservation. 

• A proper free-range system taking into account animal health welfare 
could be developed for better flock control and maintenance. 

• Improving native chicken hygiene could be underscored to control disease 
outbreaks and parasite infections. Vaccination should be emphasized and 
a vaccine-supply network should also be developed.   
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7 สรุปผลการศึกษา  

 

ไกเปนสัตวเศรษฐกิจที่มีความสําคัญตอประเทศไทย 

ทั้งเพ่ือการบริโภคภายในประเทศเเละสงออก 

จนนับไดวาเปนประเทศหนึ่งที่มีบทบาทสําคัญตอตลาดไกเน้ือของโ

ลก 

โดยใชเทคโนโลยีที่กาวหนาเเละเนนการผลิตในเชิงอุตสาหกรรม  

สําหรับการผลิตในประเทศไทยนั้น รอยละ 86  เปนไกเน้ือลูกผสม 

และ รอยละ 13  เปนไกพันธุพ้ืนเมือง 

โดยมีพ้ืนที่เลี้ยงไกสวนใหญในภาคตะวันออก (40% ) รองลงมาคือ 

ภาคกลาง ( 35  %) ภาคเหนือ( 12 %) และภาคตะวันออกเฉียงเหนือ 

(13%)  สำหรับการเลี้ยงเพ่ือการสงออกนั้น รอยละ 80  

เปนผลผลิตจากไกเน้ือลูกผสม 

เเละดําเนินการผลิตโดยบริษัทขนาดใหญ 

เน่ืองจากการสงออกเน้ือไกนั้นตองใชเทคโนโลยีที่กาวหนา 

และตองการผลผลิตที่มีคุณภาพตามที่ตลาดตองการ 

ในขณะที่เกษตรกรรายยอยยังมีขอจํากัดในการลงทุนเเละความสา

มารถในการจัดการดานการผลิต 

ทําใหไมสามารถที่จะเปนผูผลิตที่ยั่งยืนได  

นอกจากนี้ประเทศตางๆในแถบยุโรปมีขอกําหนดในการเลี้ยงไกที่มี

มาตราฐาน และการดูแลสุขภาพที่ดี 

ซึ่งการจัดการที่ไดมาตรฐานตองการการลงทุนเเละวิทยาการที่เหมา

ะสม ความละเอียดเเละการเอาใจใสในกระบวนการผลิตทุกขั้นตอน 

ซึ่งสวนใหญจะดําเนินการโดยผูผลิตรายใหญเพ่ือการคา 
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การบริโภคเนื้อไกในประเทศไทยนั้น 

พบวาประชาชนในเขตเมืองนิยมบริโภคไกเน้ือทางการคาเปนสวนม

ากเนื่องจากหาซื้อไดในทองตลาดเเละราคาไมสูงนัก 

ในขณะที่ไกพ้ืนเมืองน้ันเปนนับวาเปนแหลงโปรตีนที่ความสําคัญตอ

ประชาชนในพื้นที่ชนบท 

ซึ่งมักจะเลี้ยงกันอยูทั่วไปเกือบทุกครัวเรือน 

มีจํานวนไมมากเเละมีราคาคอนขางสูงเตเปนที่นิยมบริโภคกันทั่วไป 

อยางไรก็ดีเน่ืองจากไกพันธุพ้ืนเมืองเจริญเติบโตชา 

และมีปริมาณไมมากเเละไมเเนนอน 

สวนใหญมีการซื้อขายในหมูบานเเละในตลาดทองถ่ิน  

ประมาณกันวาในเเตละปประเทศไทยมีประชากรไกซึ่งผลิตไดประม

าณ 90-120 ลานตัว โดยที่สวใหญ ของประชากรไกที่  

เลี้ยงในภาคตะวันออกเฉียงเหนือ (45%) โดยที่ประชากรสวนใหญ 

(80%) เลี้ยงไวเพ่ือบริโภคในครัวเรือน และเพื่อขาย 

ขณะที่เกษตรกรจํานวนมากเลี้ยงไกเพ่ือความสวยงามเเละเลี้ยงเพ่ือ

การกีฬา 

อยางไรก็ตามประเทศไทยถือวาเปนประเทศที่ประสบความสําเร็จใน

การปรับปรุงเเละพัฒนาการผลิตของไกพ้ืนเมืองโดยการผสมขามกั

บไกพันธุเน้ือเเละพันธุไขจากตางประเทศทั้งน้ีเพ่ือเพ่ิมศักยภาพการ

ผลิตของไกพ้ืนเมืองใหสูงขึ้นเเละยังไดรับการยอมรับจากเกษตรกร

ผูเลี้ยงเเละผูบริโภคสวนหนึ่งถือเปนทางเลือกอีกทางหนึ่งใหกับกษต

รกรผูสนใจเเตอยางไรก็ดีไกพ้ืนเมืองลูกผสมก็ยังไมเปนที่ยอมรับขอ

งเกษตรกรในระดับรายยอยทั่วไป 

จึงมีผลไกพ้ืนเมืองยังชนิดสัตวปกที่เลี้ยงโดยทั่วไปของเกษตรรายย

อย 
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ขณะเดียวกันความไกพ้ืนเมืองยังเปนที่ตองการของตลาดผูบริโภคเ

ปนอยางมากเเตปริมาณที่มีขายในตลาดยังไมเเนนอนเเละมีปริมาณ

ที่จํากัดเน่ืองเกษตรกรผูเลี้ยงยังขาดการจัดการที่เปนระบบ 

เเตก็มีความพยายามอยางมากจากหลายๆฝายที่เก่ียวของในระยะเว

ลากวา 20 ปที่ผานมา 

ในการพยายามหาเเนวทางการผลิตที่เหมาะสมในการเลี้ยงไกพ้ืนเมื

องใหกับเกษตรกรรายยอย 

ทําใหการเลี้ยงไกพ้ืนเมืองยังเปนการเลี้ยงเเบบธรรมชาติเพ่ือการยัง

ชีพโดยการพึ่งพาทรัพยากรอาหารที่มีในระบบครัวเรือนเปนหลัก 

โดยการนําใชผลพลอยไดจากผลผลิตขาวซึ่งถือวาเปนอาหารหลัก

ที่สําคัญขณะเดียวกันไกพ้ืนเมืองไดรับอาหารอื่นๆ 

จากการหากินตามธรรมชาติ 

จึงทําใหการเลี้ยงไกของเกษตรกรขึ้นอยูกับผลพลอยไดหรือเศษเห

ลือจากการเกษตร  
 

การศึกษานี้มีเปาประสงคในการที่จะปรับปรุงวิถีชีวิตของเกษตรกรร

ายยอยโดยการผสมผสานการเลี้ยงการเลี้ยงไกเขากับระบบไรนาข

องเกษตรกร 

ในการหาทางเลือกใหกับเกษตรกรเพ่ือการพัฒนาการเลี้ยงไกทั้งหก

เน้ือทางการคา ไกลูกผสมพื้นเมือง เเละไกพ้ืนเมืองที่มีในชนบท 

โดยเฉพาะอยางยิ่งการเลี้ยงไกพันธุพ้ืนเมืองน้ันถือวาเปนชนิดไกที่มี

ความเหมาะสมกับสภาพอากาศในเขตรอน 

และปรับตัวเขากับสภาพความเปนอยูเละวิถีชีวิตของเกษตรกรรายย

อยไดเปนอยางดี ซึ่งนาจะดีกวาการเลี้ยงไกเน้ือลูกผสมๆ 

ตางเพ่ือการคา 
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นอกจากนี้การนําใชวัตถุดิบอาหารสัตวที่มีในระบบการเกษตรซึ่งมีก

ารนําใชอยางไมเหมาะสมเเละมีประสิทธิภาพเพียงพอ  

การศึกษาวิจัยการเลี้ยงไกในครั้งน้ี 

จะเนนการเลี้ยงไกภายใตระบบประยุกตธรรมชาติ 

และใหความสําคัญกับสวัสดิภาพความเปนอยูตามพฤติกรรมของสัต

วเลี้ยง 

ระบบนี้จะมีการนําใชประโยชนสูงสุดของปจจัยการผลิตที่หาได 

มีความพยายามในการนําใชปจจัยการผลิตจากระบบภายนอกใหน

อยที่สุด และมีผลกระทบตอสิ่งแวดลอมนอยที่สุด 

แตกตางจากการผลิตเพ่ือการคา เชน 

การผลิตที่ครบวงจรของผูเลี้ยงรายใหญทั่วไป 

 

การศึกษานี้ดําเนินการในสถานีวิจัยที่ทําการทดสอบไกเน้ือชนิดตาง

ๆ  สายพันธุ คือ ไกพ้ืนเมือง ไกเพ่ือการคา ไกพ้ืนเมืองลูกผสม 3 

สาย และไกพ้ืนเมืองลูกผสม 4 สาย 

มีวัตถุประสงคหลักในการที่ทดสอบสมรรถนะของไกทางดานการเจิ

ญเติบโต ประสิทธิภาพการใชอาหาร เเละคุณภาพซาก ของไก 4 

ชนิด จากการใหอาหาร ทั้ง 2 รูปเเบบการทดลองคร้ังน้ีได  

โดยไกทั้ง 4 ชนิดในโรงเรือนยกพื้นสูง 

และพื้นที่คอกเปนพื้นปูดวยไมไผระเเนง และคลุมทับดวยเนื้ออวน  

ไกเเตละชนิดจะถูกเลี้ยงจนไดอายุเเละน้ําหนักที่ตลาดตองการ คือ 

7, 12 และ 20 สัปดาห ตามลําดับ โดยไดัรับอาหาร ไดรับอาหาร 2 

แบบ  คือ ระบบที่ 1) อาหารสําเร็จ รูปไกเน้ือเพ่ือการคา และ ระบบที่ 

2) ไดระดับอาหารผสมระหวางขาวโพดบด 

และอาหารสําเร็จรูปไกเพ่ือการคา  
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โดยที่แตละสูตรอาหารแบงระยะการใหอาหารแยกเปน 0-3, 4-6, 

และ 7-20 สัปดาหขึ้นไป จะมีอัตราปลอยเลี้ยง ที่ความหนาเเนน 8.9 

ตัวตอตารางเมตร (ลูกไกอายุ 1-3 วัน) หรือ (คอกละ 50 ตัว 

แตละคอกจะมีพ้ืนที่ 2.25x2.5 ตารางเมตร) 

ซึ่งไกแตละคอกจะไดกินอาหารตลอดเวลา เเละไดเสริมวิตามิน 

และเกลือแรในน้ําชวง 1-3 สัปดาหเเรก ตลอดชวงการเลี้ยง 

ไดทําการชั่งวัดไกเเตละตัวทุกคอกทุกๆ 

ตอสัปดาหเเละน้ําหนักสุดทายในสัปดาหสุดทาย 

ช่ังวัดอาหารที่ใหเเละอาหารเหลือทุกคร้ังที่มีการชั่งวัดนํ้าหนักตัวไก 

สุมอาหารเพื่อการวิเคราะหคุณภาพ 

เม่ือสิ้นสุดการทดลองจะทําการสุมเพ่ือชําแหละเเละชั่งวัดซากเเละตั

ดเเยกสวนตางๆ ตลอดจนเเยกเน้ือ กระดูกเเละหนัง 

ช่ังวัดเพ่ือศึกษาซาก 

 

ผลทีไดจากการศึกษาสามารถสรุปไดดังน้ี 

 

• การเลี้ยงไกดวอาหารสําเร็จรูปไกเน้ือลูก(ระบบที่ 1) พบวา ไกทั้ง 

4 ชนิดมีการเจริญเติบโตตามลําดับจากมากไปหานอยดังน้ี 

ไกเน้ือลูกผสมทางการคา ไกลูกผสมพื้นเมือง 4 สายพันธุ  3 

สายพันธุ  ตามลําดับ 

ขณะที่เม่ือเลี้ยงดวยอาหารผสมขาวโพดเเละ 

อาหารไกเน้ือทางการคา (ระบบที่ 2) 

ก็ยังพบวามีการเจริญเติบไปในรูปเเบบเดียวกัน 

โดยที่ไกพ้ืนเมืองมีการเจริญเติบโตชาที่สุด 

อยางไรก็ดีอัตราการเจริญเติบของไกทั้งสามชนิด 
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ที่ไดรับอาหารสําเร็จรูปทางการคามีการเจริญเติบโตดีกวาอาหาร

ผสมขาวโพดบดเเละอาหารไกเน้ือ เเตก็พบวาไกลูกผสมพื้นเมือง 

4 สายพันธุเเละ 3 สายพันธุ 

ที่ไดรับอาหารทั้งสองชนิดในชวงเวลา 8-12 สัปดาห 

มีการเจริญเติบโตไดดีไมเเตกตางกันจากเลี้ยงดวยอาหารระบบที่ 

1 จากการใหอาหารในระบบที่ 2 จะทําใหไกเน้ือลูกผสม 

ไกลูกผสมพื้นเมือง 3 สายพันธุ  เเละ 4 สายพันธุ   

ไกพ้ืนเมืองมีการเพ่ิมน้ําหนักตัวจนไดขนาดที่ตลาดตองการที่อา

ยุ 5-7, 9-12  เเละ 15-20 สัปดาห ตามลําดับ  

 

• การเลี้ยงไกดวยอาหารระบบที่ 1 พบวา ไกทั้ง 4 

ชนิดมีประสิทธิภาพการใชอาหารตามลําดับจากสูงจไปหาตํ่าดังน้ี 

ไกเน้ือลูกผสมทางการคา ไกลูกผสมพื้นเมือง 4 สายพันธุ  3 

สายพันธุ  ตามลําดับ 

โดยไกเน้ือลูกผสมทางการคามีอัตราการกินไดสูงกวาไกพ้ืนเมือง

ลูกผสมทั้งสองชนิดรวมทั้งมีอัตราเเลกเนื้อตํ่ากวาไกพ้ืนเมืองทั้งส

องชนิดอยางชัดเจน  สําหรับอัตราการเปลี่ยนอาหารเปนเนื้อ 

(FCR) ขณะที่เม่ือเลี้ยงดวยอาหารระบบที่ 2 

ก็ยังพบวามีประสิทธิภาพในการใชอาหารในรูปเเนวเดียวกัน 

เเมวาไกพ้ืนเมืองมีประสิทธิภาพในการใชอาหารดีใกลเคียงกันกั

บไกทั้งสามชนิดในชวงเวลาเดียวกัน 

เเตก็ยังเจริญโตชากวามากทั้งน้ีเน่ืองจากความสามารถในการกิ

นไดตํ่ากวาไกเน้ือทั้งสามชนิด  นอกจากนี้ไกพ้ืนเมืองลูกผสมทั้ง 

2 ชนิดยังมีอัตราเเลกเน้ือใกลเคียงกันมาก 

เเตพบวาไกพ้ืนเมืองลูกผสม 4 
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สายพันธุมีอัตราการกินไดสูงกวาไกพ้ืนเมือง 3 สายพันธุ 

ทําใหมีการเจิญเติบโตเร็วกวา 

อยางไรก็ดีประสิทธิภาพการใชอาหารของไกทั้งสามชนิด 

ที่ไดรับอาหารระบบที่ 1ดีกวาอาหารระบบที่ 2 

เเตก็พบวาไกลูกผสมพื้นเมือง 4 สายพันธุเเละ 3 สายพันธุ 

ที่ไดรับอาหารทั้งสองชนิดในชวงเวลา 8-12 สัปดาห 

มีการใชอาหารประสิทธิภาพใกลเคียงกัน 

 

• การเลี้ยงไกดวยอาหารระบบที่ 1 จะไดน้ําหนักตัวในชวง 1,000-

1,250 กรัม ที่อายุประมาณ 20-25 วัน 

ซึ่งเปนน้ําหนักที่ตลาดไกสดที่ทองถ่ินตองการ 

และเมื่อเลี้ยงจนถึงอายุ 7 สัปดาหจะไดน้ําหนักเฉลี่ยที่ 2,500 

กรัมตอตัว ในชวงหลังน้ีมีการเติบโตอยางรวดเร็ว 

เเตมีอัตราการตายสูง 

และทําใหมีผลตอการความเสี่ยงตอกําไรที่อาจลดลงเเละอาจขาด

ทุนได ในขณะเดียวกัน เมื่อเลี้ยงดวยอาหารระบบที่ 2 

พบวาไกมีการเจริญเติบโตไดดีเชนกันเเตชากวา 

เพราะที่น้ําหนักเดียวกันตองใชเวลาเลี้ยงนานกวาเดิมประมาณ 2 

สัปดาห  

นอกจากนี้ประสิทธิภาพการของไกเน้ือลูกผสมเมื่อไดรับอาหารระ

บบที่ 1 จะสูงกวาไกชนิดอ่ืนๆ และดีกวาอาหารระบบที่ 2  

ขณะที่ไกพ้ืนเมืองลูกผสม 4 สายพันธุที่ไดรับอาหารระบบที่ 1 

มีการเจริญเติ  บโตในชวงแรก (0-8) สัปดาห 

สูงกวาเม่ือไดรับอาหารระบบที่2 ขณะที่ในชวงอายุ 8-12 

สัปดาหพบวาไกพ้ืนเมือง 4 สายพันธุที่ไดรับอาหารระบบที่ 2 
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การเจริญเติบโตไดดีเเละไมแตกตางกับการไดรับอาหารระบบที่ 

1  ขณะที่ไกพ้ืนเมืองลูกผสม 3 สายพันธุเจริญเติบโตไดดี 

และไมแตกตางกันเมื่อไดรับอาหารระบบที่ 1 เเละ 2 

เเตแนวโนมการเจริญเติบโตของพ้ืนเมืองลูกผสม 3 

สายพันธุที่ไดรับอาหารระบบที่ 1 ดีกวา 

เเละสมรรถนะของการเจริญเติบโต,ประสิทธิภาพการใชอาหาร 

(ปริมาณการกินไดนอยกวา อัตราแลกเนื้อสูงกวา) 

นั้นยังดอยกวาไกพ้ืนเมืองลูกผสม 4 สายพันธุ  

ทําใหไกลูกผสมพื้นเมือง 4 สายพันธุมีน้ําหนักตัวสงตลาดได 

(1,200-1,400 กรัม) ที่อายุการลี้ยงต้ังแต 9 

สัปดาหไกลูกผสมพื้นเมือง 3 

สายพันธุตองใชเวลาในการเลี้ยงอีก 1-2 

สัปดาหเพ่ือจะใหน้ําหนักเดียวกัน  

 

• การเลี้ยงไกพ้ืนเมืองดวยอาหารระบบที่ 2 มีการเจริญเติบโตไดดี 

แตยังไมดีเทากับไกพ้ืนเมืองลูกผสม  ทั้ง 3 เเละ 4 สายพันธุ 

ทั้งทางดานประสิทธิภาพการใชอาหาร 

และคุณภาพซากของไกพ้ืนเมืองเม่ือไดน้ําหนักเดียวกับลูกผสมที่

ตลาดตองการ (1,200-1,400 กรัม) ที่อายุ 15 สัปดาห 

ซึ่งตองใชเวลามากกวาไกพ้ืนเมืองลูกผสม 3-4 สัปดาห 

อยางไรก็ตามเปอรเซ็นตซากที่ไดของไกพ้ืนเมืองไมแตกตางกัน

ที่ขนาดสงตลาด แตมีแนวโนมของเปอรเซ็นตซากสูงกวา 

และยังมีเปอรเซ็นตไขมันในชองทองตํ่ากวา 

จึงทําใหพบวาวัตถุดิบอาหารสัตวที่มีในทองถ่ิน เชน ขาวโพด 
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สามารถที่จะเปนทางเลือกสําหรับเกษตรกรในการนําใชเพ่ือเพ่ิม

ผลผลิตในระบบการเกษตร และรายไดในครัวเรือน 

 

• ไกเน้ือลูกผสมมีเปอรเซ็นซากสูงกวาไกพ้ืนเมืองลูกผสมทั้งสองช

นิดเม่ือเลี้ยงดวยอาหารระบบที่ 1 ทางการคา 

เปอรเซ็นซากของไกทั้งสามชนิดก็ไมเเตกตางกันเมื่อเลี้ยงดวยอา

หารระบบที่2  

นอกจากนี้ไกเน้ือลูกผสมทางการคามีเปอรเซ็นไขมันในชองทอง

เเละมีการสะสมไขมันที่ผิวหนังสูงกวาไกพ้ืนเมืองลูกผสมทั้งสองช

นิด 

ไกเน้ือลูกผสมมีเปอรเซ็นเนื้ออกสูงกวาเเละยังมีเปอรเซ็นกระดูกร

วมนอยกวาไกทั้งสองชนิดเม่ือเลี้ยงดวยอาหารทั้งสองชนิดอยางไ

รก็ตามไกเน้ือลูกผสมมีปริมาณเนื้อรวมลดลง 6 % 

เเละน้ําหนักกระดูกเพ่ิมขึ้น 2% เม่ือเลี้ยงดวยอาหารระบบที่ 2  

เเมกระนั้นก็ตามไกเน้ือลูกผสมยังมีเปอรเซ็นเนื้ออกสูกวาไกชนิด

อ่ืนๆ 

 

• คุณภาพซากของไกพ้ืนเมืองเม่ือชําเเหละที่อายุ 20 

สัปดาหดีกวาคุณภาพซากของไกเน้ือลูกผสมที่อายุ 7 สัปดาห 

ไกพ้ืนเมืองลูกผสม 3 สายเเละ 4 สาย ที่อายุ 12 สัปดาห  

นอกจากนี้ไกพ้ืนเมืองเม่ือเลี้ยงดวยอาหารระบบที่ 1 

มีเปอรเซ็นซากสูงกวาไกลูกผสมพื้นเมืองที่เลี้ยงดวยอาหารระบบ

ที่ 2 ที่อายุเเละน้ําหนักสงตลาด 

อยางไรก็ดีองคประกอบของซากของไกเน้ือลูกผสมทางการคาดี

กวาไกพ้ืนเมืองเน่ืองจากมีอัตราสวนของเนื้อตอกระดูกสูงกวาซึ่ง

ก็หมายความวาไกพ้ืนเมืองมีสวนของกระดูกเปนองคประกอบใน
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ซากสูงกวา 

อยางไรก็ดีไกพ้ืนเมืองมีอัตราสวนของเนื้อตอไขมันในชองทองสู

งกวาไกเน้ือลูกผสมซึ่งเปนการชี้ใหเห็นวาไกพ้ืนเมืองมีไขมันเปน

องคประกอบในซากต่ํากวา 

 

• เปอรเซ็นซากของไกพ้ืนเมืองสูงกวาเเตไมเเตกตางกับไกลูกผสม

พ้ืนเมืองทั้งสองชนิดเม่ือเลี้ยงดวยอาหารระบบที่ 2 

เเละพบวามีคุณภาพซากดีกวาทั้งปริมาณเนื้อรวมที่มากกวาเเละไ

ขมันในชองทองตํ่ากวาโดยไกพ้ืนเมืองมีเนื้อรวม หนัง กระดูก 

ไขมันรวมเเละไขมันในชองทอง 36.11% 7.43% 20.13% 2.62% เเละ 

1.76% ตามลําดับ 

นอกจากนี้ไกพ้ืนเมืองเเละไกพ้ืนเมืองลูกผสมมีเน้ือรวมไมเเตกตา

งกันเมื่อเลี้ยงดวยอาหารระบบที่ 2 ตามลําดับ  

ไกพ้ืนเมืองจะตอบสนองตออาหารที่มีโปรตีนสูงไดดีเเตไมดีเทาไ

กพ้ืนเมืองลูกผสมทั้งสองชนิดเน่ืองจากมีขอจํากัดจากความสามา

รถทางพันธุกรรมตํ่ากวามาก 

เเมกระนั้นก็ตามคุณภาพซากของไกพ้ืนเมืองที่เลี้ยงดวยอาหารระ

บบที่ 2 

สูงใกลเคียงกับคุณภาพซากของไกพ้ืนเมืองลูกผสมที่เลี้ยงดวยอา

หารระบบที่ 1 ที่น้ําหนักเเละอายุตามที่ตลาดตองการ 

ดวยเหตุนี้การเลี้ยงไกพ้ืนเมืองดวยดวยอาหารระบบที่ 2 

จึงมีความเหมาะสมกวา 

 

• ที่อัตราการปลอยเลี้ยง 8-9 ตัว ตอตารางเมตร 

ถือวาเปนอัตราการปลอยที่สูงมากสําหรับการเลี้ยงไกพ้ืนเมือง 

และไกพ้ืนเมืองลูกผสม 
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แตอยางไรก็ดีสามารถลดความหนาแนนไดดวยการสรางคอนนอ

นเพ่ิมเติมในคอก 

แตสําหรับไกเน้ือลูกผสมเพื่อการคาถือวาไมหนาแนนมาก 

และเเตพบวาพ้ืนที่จะลดลง รวมทั้งขนาดไกที่โตขึ้นอยางรวดเร็ว 

ทําใหพ้ืนที่คอกลดลงมากการเสียพื้นที่สําหรับเเขวนถังอาหารแล

ะถังนํ้า 

ดังน้ันการเลี้ยงไกเน้ือในคอกขังมีความเหมาะสมที่อายุประมาณ 

5 สัปดาห และใหกินอาหารเต็มที่ตลอดเวลา 

 

• การเลี้ยงไกบนพื้นไมไผคลุมดวยอวน 

จะชวยลดปญหาการแปดเปอนมูลที่มีการขับถายออกมา 

ซึ่งเปนการชวยปรับปรุงความสะอาด และสุขาภิบาล 

ชวยในถายเทอากาศใหดีขึ้น และชวยลดอุณหภูมิของคอกลง 

และชวยใหมีการเก็บรวมรวมมูลไดงายขึ้น 

นอกจากการเพิ่มคอนนอนในคอกเปนการชวยเพ่ิมพ้ืนที่การเลี้ยง

ไกเพราะทําใหมีพ้ืนที่ในการเกาะยึดมากขึ้น 

และลดความหนาแนนลง ชวยลดความเครียดที่เกิดจากการตอสู 

จิกตีกัน นอกจากนี้ไกยังมีอิสระในการบิน กระโดด เดิน และวิ่ง 

หรือเกาะยึดเพ่ือการพักผอนในคอกขัง 

เปนการเพิ่มสวัสดิภาพความเปนอยูของสัตวเลี้ยงใหดีขึ้น 

นอกจากนี้มูลไกที่สะสมอยูใตคอกจะมีการเก็บรวมรวมออกไดงา

ยๆขึ้น 

ทั้งน้ีความถี่ในการรวบรวมมูลไกออกจากพ้ืนคอกนั้นใหพิจารณา

จากสภาพของมูลสัตว เชน 

มูลไกเน้ือลูกผสมทางการคาควรจะมีการเก็บรวบรวมบอยๆ 
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เน่ืองจากมีความช้ืนสูง 

และมีกลิ่นเหม็นมากทําใหเกิดแกสแอมโมเนียไดงาย 

และมีผลตอการเจริญเติบโตของไกได ขณะที่มูลของไกพ้ืนเมือง 

และไกลูกผสมพื้นเมืองมีลักษณะคอนขางแหง 

และไมคอยมีกลิ่นเหม็นมากนัก 

ปริมาณจะสะสมแตละวันจะไมมาก 

การเก็บรวบรวมทําไดเปนชวงๆตามความเหมาะสม 

 

• ผลที่ไดจากการศึกษาแสดงใหเห็นวาแผนการใหอาหารทั้งระบบ

มีอิทธิพลแตกตางกันระหวางประสิทธิภาพการใชอาหารและคุณ

ภาพซาก 

ทําใหพบวาความเปนไปไดสูงสําหรับทางเลือกตางๆสําหรับเกษต

รรายยอยในการสรางรายไดจากการเลี้ยงไกเน้ือพันธุตางๆ 

และมีโรงเรือนที่ไมซับซอนและมีการลงมีการทุนตํ่า 

ถามีวัตถุดิบอาหารสัตวในระบบทําฟารมอยูแลวก็สามารถที่จะนํา

ใชหรือผสมผสานการผลิต 

ซึ่งจะชวยยกระดับการผลิตและความเปนอยูของเกษตรกรรายยอ

ยอยางยั่งยืนโดยเฉพาะไกพ้ืนเมือง 

และไกลูกผสมอื่นๆที่มีความสามารถในการตอบสนองของสิ่งแวด

ลอมในการเลี้ยงไดดีระดับหนึ่ง 

แตจะปรับตัวไดดีโดยเฉพาะในระบบการทําฟารมของเกษตรกรร

ายยอย และทนทานตอโรคและพยาธิ ทําใหมีอัตตราการรอดสูง 

และอยูไดในระบบสิ่งแวดลอมที่เปนธรรมชาติ 

 

• สมรรถนะการเจริญเติบโตของไกเน้ือนั้นขึ้นอยูกับพันธุกรรมและ

ความสามารถในการปรับตัวกับสิ่งแวดลอม 
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สําหรับสัตวปกที่มีการคัดเลือกยีนที่มีความสามารถสูง 

(เชนไกเน้ือลูกผสมทางการคา) 

สามารถที่จะเจริญเติบโตไดดีเม่ือยูในสภาพแวดลอมที่ดีตามศักย

ภาพของพันธุกรรม  

เชนไกพ้ืนเมืองมีความทนทานตอสิ่งแวดลอมที่มีความเเปรปรวนไ

ดดี (โดยเฉาะการเลี้ยงไกของเกษตรกรในชนบท) 

จากการศึกษาพบวาไกพ้ืนเมืองมีการตอบสนองที่ดีขึ้นอยางชัดเจ

นเมื่อมีการปรับปรุงอาหารที่ใชในการเลี้ยงและอีกระดับหนึ่ง 

ทําใหการเลี้ยงไกพ้ืนเมืองของเกษตรกร 

ในคอกขังเปนทางเลือกที่ดีที่จะใหผลตอบแทนที่เหมาะสมดานเศ

รษฐกิจ โดยเฉพาะในพื้นที่ศึกษา 

เกษตรกรไดมีการนําใชเมล็ดขาวโพดอาหารสัตวมาใชอาหารไก

เปนหลัก 

การเพ่ิมคุณภาพอาหารสามารถทําไดโดยเพิ่มอาหารสําเร็จรูปไก

เพ่ือทางการคา 

โดยเพิ่มในระดับโปรตีนที่ไกตองการตามชวงอายุ 

ทั้งน้ีเพ่ือเพ่ิมสมรรถนะการเจริญเติบโต 

และประสิทธิภาพของการใชอาหาร 

เเละไกเน้ือมีคุณภาพซากตามที่ผูบริโภคตองการ 

 

ขอเสนอแนะสําหรับการศึกษาตอไปในอนาคต 

1. การศึกษาการนําวัตถุดิบอาหารสัตวชนิดอ่ืนๆในการเลี้ยงไกทุ

กกชนิดสําหรับเกษตรกรรายยอยที่มีการเลี่ยงแบบขังคอก 

และบนระแนงไมไผ 
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2. การศึกษาคุณภาพของเนื้อไกแตละชนิดเพ่ือทดสอบความชอบ

ของผูบริโภค 

3. ศึกษาแนวทางการใชมูลไกสดที่เหมาะสมกับการปลูกพืชของเ

กษตรกร 

4. การวิเคราะหผลตอบแทนทางเศรษฐกิจของการเลี้ยงไกทั้ง 4 

ชนิดเเละการใหอาหารทั้ง 2 ระบบ  

5. ศึกษาการหมุนเวียนของแรธาตุที่สําคัญในการผลิต เชน 

จากอาหาร เนื้อไก มูลไก 

และการนําใชประโยชนจากพืชตลอดจนปริมาณที่หลงเหลือใ

นดิน และสูญหายในบรรยากาศ 

6. เเนวทางการพัฒนาระบบการตลาดของไกพ้ืนเมือง 

และไกลูกผสมพื้นเมือง 

ซึ่งประกอบไปดวยเครือขายการตลาดเพ่ือเปนทางเลือกใหกับ

เกษตรกร และผูบริโภค ทั้งภายในและตางประเทศ 

ขณะที่ปจจุบันการตลาดของไกพ้ืนเมืองในระดับทองถ่ินจะขึ้น

อยูกับคนกลาง 

ระบบการตลาดที่ดีจะเปนประโยชนโดยตรงตอเกษตรกรในช

นบท 

7. ความสามารถในการผลิตลูกไก 

ในระดับหมูบานจะชวยเสริมใหมีการเลี้ยงไกที่มากขึ้นโดยทา

งออม 

การผลิตลูกไกไดอยางเปนระบบในระดับหมูบานจะชวยลดตน

ทุนการผลิตลูกไกลง 

ควรมีการศึกษาและสงเสริมใหมีการผลิตที่ชัดเจน 
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และจริงจังซ่ึงจะชวยสงเสริมการเลี้ยงไก 

แลวยังเปนการอนุรักษณพันธุกรรมไกพ้ืนเมืองอีกดวย 

8. ศึกษาการเลี้ยงไกแบบปลอยแปลงอิสระใหมากขึ้น 

เพ่ือสงเสริมสวัสดิภาพของสัวเลี้ยง 

โดยการเนนการควบคุมฝูงและการจัดการที่ดีขึ้น 

9. การปรับปรุงระบบสุขาภิบาลในการเลี้ยงไก 

ควรจะมีการเนนหนัก ซึ่งจะชวยใหลดการเกิดโรคระบาดตางๆ 

รวมทั้งพยาธิตางๆที่อาจเกิดขึ้น นอกจากนี้การใหวัคซิน 

ควรมีการพัฒนาทางดานการจัดทําเครือขาย การจัดหา 

และจัดสงวัคซินไปยังชุมชนที่อยูหางไกลในชนบท  
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8 ZUSAMMENFASSUNG 
 

Studie über Masthuhn Produktion für Kleinbauern im Nordosten von  

Thailand 
 

Der weitaus größte Teil der Geflügelproduktion in Thailand, die vorwiegend 
exportorientiert ist, liegt in den Händen von Großbetrieben und bei 
Vertragsproduzenten. Über 85 % der Geflügelprodukte –insbesondere der 
Masthühner– stammen von Hybrid-Rassen. Etwa 13 % des Hühnerbestandes sind 
einheimische Rassen. Sie werden vorwiegend extensiv und auf Kleinbetrieben 
gehalten und dienen vor allem der Selbstversorgung. Wegen ihres langsamen 
Wachstums und der daraus resultierenden geringen Produktivität sind sie für eine 
kommerzielle Nutzung im größeren Rahmen uninteressant.  
 
Zur Verbesserung der Fleischleistung wurden Hochleistungsrassen mit 
einheimischen Rassen gekreuzt. Diese Kreuzungen werden von kleineren 
kommerziellen Betrieben gehalten. Bei den Kleinbauern fanden sie keinen 
Eingang. Auf Kleinbetrieben –oft sind dies Subsistenzbetriebe– sind die 
einheimischen Rassen dominierend. Sie erfordern ein Minimum and 
Haltungsaufwand. Sie laufen tagsüber frei herum. Einen Teil ihres Futters suchen 
sich die Tiere selbst; zugefüttert werden Ernterückstände und Küchenabfälle. Die 
Stallungen beschränken sich i.a. auf ein einfaches Nachtquartier unter oder neben 
dem Haus, das die Tiere schützt. Die Tiere haben im allgemeinen eine gute 
Resistenz gegen Geflügelkrankheiten.  
 
Die Nachfrage, insbesondere nach Fleisch von einheimischen Rassen, steigt. 
Verbraucher, insbesondere in den größeren Städten, sind bereit für höherwertige 
Produkte auch höhere Preise zu zahlen. Doch trotz der höheren Preise, die für 
Produkte einheimischer Rassen erzielt werden, ist das Angebot beschränkt. Die 
Haltung und Mast dieser einheimischen Rassen ist für die kommerzielle Haltung 
in größerem Maßstab nicht möglich. Die geringe Futterverwertung, die 
extensiven Haltungsansprüche (Platzbedarf) und das nicht regulierbare 
Nachzuchtverhalten dieser Rassen erschweren eine groß angelegte kommerzielle 
Nutzung.    
 
Diese Bedingungen eröffnen attraktive Produktionsnischen für Kleinbauern. Auf 
den Betrieben anfallende Ernterückstände und Rohprodukte, wie z.B. von Reis 
und Mais, sind wertvolle Futterressourcen für einheimische Rassen, die oft nicht 
optimal genutzt werden. Daraus ließen sich für Kleinbauern wesentliche 
Einkommenssteigerungen erzielen, unter tierfreundlichen –d.h. weitgehend 
natürlichen– Haltungsbedingungen. 
 
Das engere Ziel dieser Arbeit war, die Verwertung von Futterressourcen, wie sie 
für viele Kleinbetriebe in Thailand typisch sind, von verschiedenen Hühnerrassen 
und im Vergleich zu kommerziellem Futter zu erfassen. Wichtig war sowohl die 
Entwicklung des Körpergewichtes der Tiere als auch die Qualität des Fleisches.  
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Vier Rassen wurden in die Studien einbezogen: (i) eine einheimische Rasse, (ii) 
Hybrid-Masthühner, (iii) eine Dreilinien-Kreuzung und (iv) eine Vierlinien-
Kreuzung. Zwei beiden einbezogenen Futter-Regime waren: (i) kommerziell 
produziertes Mastfutter [Futter 1] und (ii) Futtermischung typischem 
Futtermaterial, das auf Kleinbetrieben anfällt (z.B. Reis, Mais, Mungbohnen) 
[Futter 2]. 
Die Futter-Regime wurden für drei Wachstumsphasen (Altersstufen) eingestellt, 
(i) 0-3 Wochen, (ii) 4-6 Wochen) und (iii) 7 Wochen bis Schlachtalter. Das 
Schlachtalter variierte, je nach Rasse, zwischen 7 Wochen (Hybriden), 12 
Wochen (Kreuzungen) und 20 Wochen (einheimische Rasse). 
Die Hühner wurden in Volieren (statistischer Block) mit jeweils 50 Tieren 
besetzt im Alter von 2-3 Tagen besetzt. Futteraufnahme war ad libitum mit 
Vitamin- und Mineralstoffzusätzen über das Trinkwasser.  
 
Die wesentlichen Ergebnisse können wie folgt zusammengefasst werden: 
 
Die Hybriden erbrachten mit Futter 1 nach 20-25 Tagen ein Gewicht von 1000-
1250 g.  Nach 7 Wochen wurde das Schlachtgewicht von 2500 g erreicht. Die 
Mortalität war hoch. Die Futternutzungseffizienz war höher als bei den anderen 
Rassen, und auch höher als mit Futter 2. Mit Futter 2, das Mais enthielt (30 % 
zwischen Woche 3-5; 50% zwischen Woche 4-6), erreichten die Tiere das 
Schlachtgewicht 2 Wochen später. Während der ersten 8 Wochen hatte die 
Vierlinien-Kreuzung größere Zunahmen mit Futter 1. Allerdings waren die 
Zunahmen zwischen Woche 8-12 besser mit Futter 2. Bei der Dreilinien-
Kreuzung waren die Unterschiede in der Gewichtszunahme zwischen Futter 1 
und Futter 2 insignifikant, obwohl Futter 1 bessere Ergebnisse zeigte.   
     
Insgesamt zeigte die Vierlinien-Kreuzung bessere Gewichtszunahmen. 
Entsprechend war die Futteraufnahme bei der Vierlinien-Kreuzung wesentlich 
höher als bei der Dreilinien-Kreuzung. Die Vierlinien-Kreuzung erreichte das 
typische Schlachtgewicht  (1200-1400 g) im Alter von 9 Wochen, während die 
Dreilinien-Kreuzung 1-2 Wochen länger brauchte. 
 
Die einheimische Rasse (Futter 2) zeigte gutes Wachstum, 
Futternutzungseffizienz und gute Fleischqualität. Die typische Schlachtreife 
wurde nach 15 Wochen erreicht, also 3-4 Wochen nach den Kreuzungen. Der 
Anteil des Schlachtkörpers am Lebendgewicht der einheimischen Rasse war 
nicht signifikant unterschiedlich zu den beiden Kreuzungen, obwohl absolut 
höhere Werte erreicht wurden. Der Fettgehalt des Schlachtkörpers war bei der 
einheimischen Rasse insgesamt niedriger. Dies zeigt, dass lokale, d.h. auf dem 
Betrieb erzeugte, Futtermittel eine echte Alternative zu gekauftem Futter 
darstellt.     
  
Die Untersuchungen zeigten, dass die beiden Futter-Regime, je nach 
Hühnerrasse, unterschiedlichen Einfluss auf Gewichtszunahme, Futtereffizient 
und Schlachtkörperqualität hatten. Die Ergebnisse zeigen machbare Alternativen 
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für eine profitable Haltung einheimischer Hühner auf Kleinbetrieben auf, ohne 
den Einsatz teurer Produktionsmittel. Insbesondere, wenn der Betrieb eigene 
Futterressourcen besitzt, die eingesetzt werden können. Dies kann die 
Einkommen von Kleinbauern wesentlich verbessern.  
Mit lokalem Futter erreichten Hybriden das Schlachtgewicht in 5-7 Wochen, die 
beiden Kreuzungen in 9-12 Wochen und die einheimische Rasse in 15-20 
Wochen. Ein großer Vorteil der einheimischen Rasse –teilweise auch der 
Kreuzungen- ist ihre gute Anpassung an die einfachen Haltungsbedingungen in 
Kleinbetrieben und ihre gute Resistenz gegen Krankheiten.  
 
Das Wachstumspotential der Hühner war geprägt durch ihr genetisches Potential 
und ihre Anpassungsfähigkeit an die Umwelt- und Fütterungsbedingungen. Tiere 
mit hohem genetischem Potential zeigten hohe Leistungen nur unter 
spezifischen, für sie günstigen, Umweltbedingungen. Einheimische Rassen 
tolerieren ungünstigere Umweltbedingungen –wie z.B. auf Kleinbetrieben– und 
reagieren eher positiv auf schon geringe Verbesserungen in den Haltungs- und 
Fütterungsbedingungen. Diese Eigenschaften machen die Haltung einheimischer 
Hühner zu einer ökonomisch attraktiven Alternative für Kleinbauern. 
Entsprechend der verfügbaren Futterressourcen –hier sind  eiweißreiche 
Futterstoffe besonders wichtig– kann durch gezielte Zugabe von zugekauften 
Futtermitteln und essentiellen Mineralstoffen und Vitaminen Futter erzeugt 
werden, das eine profitable Haltung einheimischer Hühner für die Kleinbauern 
ermöglicht. 
 
Bei der Aufstallung der Hühner ist es wichtig, darauf zu achten, dass die Hygiene 
nicht durch feuchte Fäkalien beeinträchtigt wird. Hier bietet sich für Kleinbauern 
z.B. ein einfacher Spaltenboden aus Bambus in der Kotecke an. Das allgemeine 
Wohlbefinden der Tiere hat insgesamt positive Auswirkungen auf die Leistung, 
wie z.B. ausreichend Auslauf, Schatten und Rückzugs- und Ruhemöglichleiten in 
der Voliere.   
 
Weiterer Forschungsbedarf besteht bei der Entwicklung von Volieren für den 
kleinbäuerlichen Betrieb, die sowohl die Erfordernisse der Bauern als auch der 
Tiere besser erfüllen. Wegen des besonderen Lege- und Brutverhaltens der 
einheimischen Rassen ist die Nachzucht der Tiere in ausreichender Zahl und zu 
den gewünschten Zeiten schwierig. Weitere Forschungen auf diesem Gebiet, 
unter Einbezug der sozioökonomischen Bedingungen, sind für eine weitere 
Verbesserung der kleinbäuerlichen Haltung einheimischer Hühnerrassen 
erforderlich. 
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Figure A-1   World poultry production of major country during 2000 to 2005 

Sources: USDA, * Thai Broiler Processing Exporters Association cited by Animal Feed 

Business Journal, 2005. (2004 preliminary; 2005: forecast) 
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Figure A-2   Trend of poultry production of major country producers during 2000 to 

2005 

Sources: USDA, * Thai Broiler Processing Exporters Association cited by Animal Feed 

Business Journal, 2005. (2004: preliminary; 2005: forecast) 
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Figure A-3   Trend of export volume of poultry meat of major country exporter during 

2000 to 2005 Sources: USDA, * Thai Broiler Processing Exporters Association cited by 

Animal Feed Business Journal, 2005. (2004: preliminary; 2005: forecast) 
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Figure A-4  Trend of poultry meat imported by major countries importer during 2000 to 

2005 Sources: USDA, * Thai Broiler Processing Exporters Association cited by Animal 

Feed Business Journal, 2005. (2004: preliminary; 2005:  forecast) 
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Figure A-5  Trend of poultry meat consumption by countries during 2000 to 2005 

Sources: USDA, * Thai Broiler Processing Exporters Association cited by Animal Feed 

Business Journal, 2005. 2004: )preliminary; 2005  forecast) 
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Figure A-6  Trend of poultry meat consumption rate (kg/person/year) by countries 

during 2000 to 2005 Sources: USDA, * Thai Broiler Processing Exporters Association 

cited by Animal Feed Business Journal, 2005. (2004: preliminary; 2005: forecast) 
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Figure A-7   Trend of poultry meat production and proportion of exporting and 

consumption of Thailand during 2001 to 2005.  Sources: USDA, * Thai Broiler 

Processing Exporters Association cited by Animal Feed Business Journal, 2005. 

(p)preliminary; (f) forecast 
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Figure A-8   Total processed poultry meat from Thailand imported by major countries 

during 1999 to 2004. Sources: USDA, * Thai Broiler Processing Exporters Association 

cited by Animal Feed Business Journal, 2005.    
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