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Abstract 

 

Broiler production is seen as critical to socio-economic development within the tropics.  

With the higher and rising temperatures of the tropics, heat stress is a major challenge of 

the industry.  Of the many approaches used to alleviate heat stress, nutritional strategies 

have been seen as more economically viable in comparison to non- nutritional strategies 

used to alleviate heat stress.   

The current study was done to assess both the combined and specific impact of diet density 

(high fat versus low fat diets) and diet form (mash versus pelleted diets), on alleviating heat 

stress in broilers.  Biological responses were monitored through growth performance and 

digestibility data.   

The experimental design used in the study was a 2 x 2 x 2 factorial arrangement of 

treatments from day 10 to day 34 of the trial period. Birds were subject to one of eight 

treatments which included a combination of one of two different temperatures (normal or 

elevated), one of two different diet types (high fat or low fat) and one of two different diet 

forms (mash or pellet).  These treatments included Low Fat Mash under Normal 

Temperature conditions (LMN), Low Fat Mash under Elevated Temperature conditions 

(LME), Low Fat Pellet under Normal Temperature conditions (LPN), Low Fat Pellet under 

Elevated Temperature conditions (LPE), High Fat Mash under Normal Temperature 

conditions (HMN), High Fat Mash under Elevated Temperature conditions (HME), High 

Fat Pellet under Normal Temperature conditions (HPN) and High Fat Pellet under Elevated 

Temperature conditions (HPE). 

 



iii 
 

Pellet fed birds had a higher growth performance under elevated temperature and in phase 2 

(day 21 to 34), had the highest (P = 0.016) feed intake (166.9 g/b/d) compared to other 

treatments which were all statistically equivalent.  With respect to ileal nutrient intakes, the 

intake of fat for the overall period and the intake of AME for phase 2 was highest (P = 

0.045 and P = 0.018 for fat and AME respectively) on pellet fed birds housed under 

elevated temperature.  Also, these birds had the highest (P = 0.048) growth efficiency (16.8 

MJ/kg per kilogram gain) compared to mash fed birds (18.8 MJ/kg per kilogram gain).   

  



 
 



iv 
 

 

ACKNOWLEDGEMENTS 

I truly rejoice this day over the completion of my Thesis which could not have been 

possible without the many hands that supported me throughout the unfolding process, 

including New Zealand Development Scholarship Programme (NZAID), Massey Staff, 

friends and family. 

Firstly I would like to thank NZAID for granting me the resources needed to pursue studies 

in New Zealand. Without the financial support as well as the generous council, guidance, 

patience and kindness of the NZAID staff, the initiation of this process would have been 

almost impossible. 

I would also like to thank my main supervisor Professor Patrick Morel who has been a 

faithful and supportive mentor throughout the process.  One thing I really appreciated about 

Professor Morel is the safety I felt in his continuous availability and willingness to help 

each time I needed the help.  I would also like to thank my secondary supervisor Dr. Reza 

Abdollaha who was always very patient and approachable each time I went to him for 

assistance.  Also I would like to thank the Staff of the Poultry Unit including Mr. Don 

Thomas, Mr. Edward James and others who offered their assistance during my trial.  

Without their expert advice and guidance the process would not have been as smooth and 

problem free as it was.  

I would also like to thank the staff at the Massey University Nutrition Laboratory for their 

diligence in analysing and reporting on my samples.   I make special mention to Mrs Wibha 

Desai and Derek Body who took the time to explain the different standard procedures used 

in the Lab for analysis of samples. 



v 
 

Last but not least, I would also like to thank my family and friends for the consistent and 

unfailing prayer and emotional support throughout the process. 



 
 

 

 



vi 
 

Table of Contents 

1 General Introduction ................................................................................................................1 

2 Literature Review .....................................................................................................................3 

2.1 Introduction ..........................................................................................................................3 

2.2 Poultry production within the tropics ...................................................................................5 

2.2.1 Significance of the industry ..........................................................................................5 

2.2.2 Production trends ........................................................................................................5 

2.2.3 Characteristics of the industry within the tropics ..................................................... 14 

2.3 Heat stress and production systems .................................................................................. 34 

2.3.1 Impact of heat stress on the biological and production systems of broilers ............ 37 

2.4 Understanding nutrition in broilers ................................................................................... 48 

2.5 Strategies used to address the challenge of heat stress within the tropics ......................... 55 

2.5.1 Nutritional strategies ................................................................................................ 55 

2.5.2 Non- nutritional strategies ........................................................................................ 69 

2.6 Conclusion ........................................................................................................................ 72 

3 Materials and Methods ......................................................................................................... 73 

3.1 Birds and Treatments ........................................................................................................ 73 

3.2 Growth and post growth data collection ........................................................................... 78 

3.2.1 AME ........................................................................................................................... 78 

3.2.2 Ileal collection and analysis ....................................................................................... 78 

3.2.3 Diet ............................................................................................................................ 79 

3.3 Chemical Analysis ............................................................................................................ 79 

3.4 Calculations ....................................................................................................................... 80 

3.5 Statistical Analysis ............................................................................................................ 82 

4 Results ................................................................................................................................... 84 

4.1 Mortality ........................................................................................................................... 86 

4.2 Live weight ....................................................................................................................... 88 

4.3 Feed intake ........................................................................................................................ 90 

4.4 Average daily gain ............................................................................................................ 90 

4.5 Feed conversion ratio ........................................................................................................ 91 

4.6 Coefficient of ileal apparent digestibility (CIAD) ............................................................ 95 

4.7 pNE and AME ................................................................................................................... 97 



vii 
 

4.8 Ileal nutrient intakes and growth efficiency .................................................................... 102 

5 Discussion ............................................................................................................................ 112 

5.1 Diet type (High fat or Low fat content) .......................................................................... 112 

5.2 Diet form (pellet or mash) ............................................................................................... 113 

5.3 Temperature (normal versus elevated) ............................................................................ 115 

5.4 Diet form x Diet type interaction .................................................................................... 115 

5.5 Diet form x Temperature interaction .............................................................................. 117 

5.6 Total collection method versus Indicator methods ......................................................... 117 

6 Conclusion ........................................................................................................................... 119 

7 References .......................................................................................................................... cxxi 

 

  



viii 
 

LIST OF ABBREVIATIONS 

AME Apparent Metabolisable Energy 

ADF  Acid Detergent Fibre 

ADG Average Daily Gain 

AMEdg AME require for a daily gain of one kilogram 

CIAD Coefficient of Ileal Apparent Digestibility 

DM Dry Matter 

FCR Feed Conversion Ratio 

FI Feed Intake 

GE Gross Energy 

KJ Kilo Joules 

ME Metabolisable Energy 

MJ Mega Joules 

NDF Neutral Detergent Fibre 

NE Net Energy 

PDI Pellet Durability Index 

RO  Reverse Osmosis  

cpNE Net Energy obtained from protein  

sNE Net Energy obtained from starch 

fNE Net Energy obtained from fat 

pNE Potential Net Energy 



ix 
 

LIST OF TABLES 

Table 2.1.  Production of different types of poultry meats within the major poultry 

producing countries ................................................................................................................ 7 

Table 2.2 Change in chicken meat production between the years 1990 and 2005 .............. 10 

Table 2.3  Poultry meat production for developed and developing nations ........................ 11 

Table 2.4 The consumption per capita of broiler meat in tropical and temperate countries. 13 

Table 2.5 Performance (metric) of broilers at 34 days of age .............................................. 15 

Table 2.6 Performance of broilers subject to high temperatures ......................................... 16 

Table 2.7 Feedstuffs used within poultry production of the tropics and their recommended 

inclusion level (%) in broiler starter and finisher diets ........................................................ 21 

Table 2.8 A review of the various recorded efficiency of utilisation of carbohydrates, fats 

and proteins for different biological activities in animals .................................................... 51 

Table 2.9 The impact of pellet versus mash diets on performance ...................................... 58 

Table 3.1 Treatments for 2 x 2 x 2 factorial design ............................................................. 76 

Table 3.2 Ingredients and calculated composition of low and high fat diets ....................... 77 

Table 4.1 The chemical composition of low and high fat diets. .......................................... 84 

Table  4.2 The influence of the main effects of diet type, diet form and temperature on the 

rate of mortality in birds (Least square means + Standard Error (LSMEANS + SE)) ........ 87 

Table 4.3 The influence of diet type, diet form and temperature and their interactions on the 

live weight (g) of broilers at days 10,  21 and 34 (Least square means + Standard Error 

(LSMEANS + SE)). ............................................................................................................. 89 

Table 4.4 The influence of diet type, diet form and temperature and their interactions on 

feed intake (FI), average daily gain (ADG) and feed conversion ratio (FCR) of broilers for 



x 
 

phase 1 (d 10 – d 21), phase 2 (d 21- d 34) and an average of performance parameter for the 

entire period (d 10 – d 34) (Least square means + Standard Error (LSMEANS + SE)). ..... 93 

Table 4.5 The influence of diet type, diet form and temperature and their interactions on the 

coefficient of ileal apparent digestibility (CIAD) of ash, nitrogen (N),  fat and starch (day 

34) (Least square means + Standard    Error (LSMEANS + SE)......................................... 96 

Table 4.6 The influence of diet type, diet form and temperature and their interactions on 

apparent metabolisable energy (AME) coefficient, contents and Titanium Recovery 

(TiRecovery) measured with either the Indicator or the Total Collection Method (d 31 –   d 

34) (Least square means + Standard Error (LSMEANS + SE)). ......................................... 98 

Table 4.7 The influence of diet type, diet form and temperature and their interactions on the 

Ileal nutrient intakes of ash (g /b/d), nitrogen (g/b/d) fat (g /b/d) starch (g /b/d), (AME KJ 

/b/d) and the AMEdg (MJ/kg) for phase 1 of the broiler growth cycle (d 21 -d 34) (Least 

square means + Standard Error (LSMEANS + SE))…...……..………………….……….104 

Table 4.8 The influence of diet type, diet form and temperature and their interactions on the 

Ileal nutrient intakes of ash (g /b/d), nitrogen (g/b/d) fat (g /b/d) starch (g /b/d), (AME KJ 

/b/d) and the AMEdg (MJ/kg) for phase 2 of the broiler growth cycle (d 21 -d 34) (Least 

square means + Standard Error (LSMEANS+ SE)……………………………………..108 

Table 4.9 The influence of diet type, diet form and temperature and their interactions on the 

Ileal nutrient intakes of ash (g /b/d), nitrogen (g/b/d) fat (g /b/d) starch (g /b/d), (AME KJ 

/b/d) and the AMEdg (MJ/kg) for the overall growth period (d 21 -d 34) (Least square 

means + Standard Error (LSMEANS+ SE))..................………………………………...111 

 



xi 
 

LIST OF FIGURES 

Figure 2.1 Comparison of global meat production within each year between years 1970 and 

2005 ………………………………………………………………………………………8 

Figure 2.2 Changes in chicken meat production from the year 1990 to 2005 

…………………………………………………………………………………………......9 

Figure 2.3 Poultry meat production for developed and developing nations between the years 

1970 and 2005..………………………………………………………………………….12 

Figure 2.4  The stages of heat stress in broilers as temperature rises.………………….36 

Figure 2.5 Energy partitioning in the broilers ..………………………………………..53 

Figure 3.1 Daily temperature for both elevated and normal temperature 

treatments…………..................................................................................................75 

Figure 4.1 AME digestibility coefficients for Marker and Total collection 

methods…………………………………………………………………………………..101 


