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Abstract 
 
The first two experiments of this thesis investigated the effects of conditioning 

temperature in relation to grain type (maize, wheat and sorghum) on the performance, 

nutrient utilisation and digestive tract development of broiler starters. The third 

experiment examined the influence of feed form (mash vs. pellet) and conditioning 

temperature in broiler starters fed wheat-based diets. The effects of improved pellet 

quality from the addition of a pellet binder or/and moisture to a wheat-based diet, and 

the effects of pellet diameter and pellet length on the quality of pellets and, 

performance, nutrient utilisation and digestive tract development of broilers were 

studied in fourth and fifth experiments, respectively. 

 In the first experiment discussed in Chapter 4, increasing conditioning 

temperatures decreased the weight gain and feed intake of broilers fed wheat-based 

diets, whereas birds fed maize-based diets conditioned at 60 and 90 ºC had higher 

weight gain and feed intake than those fed the diet conditioned at 75 ºC. Increasing 

conditioning temperatures increased the feed per gain in both grain-type diets. Pellet 

durability index (PDI) improved with increasing conditioning temperatures in wheat-

based diets, but was unaffected in maize-based diets. In wheat-based diets, increasing 

conditioning temperatures decreased the ileal digestibility of nitrogen (N) and starch. 

Ileal N digestibility of maize-based diets conditioned at 60 and 90 ºC was higher than at 

75 ºC. Starch digestibility was unaffected by conditioning temperature in maize-based 

diets. No effect of conditioning temperature was found for the apparent metabolisable 

energy (AME). 

 Data reported in Chapter 5 showed that birds fed maize- and sorghum-based 

diets conditioned at 60 ºC had a similar weight gain to those fed diets conditioned at 90 

ºC and higher than those fed diets conditioned at 75 ºC. In both grain-type diets, birds 

fed diets conditioned at 60 and 90 ºC tended to have higher feed intake than those fed 

diets conditioned at 75 ºC. Conditioning temperature had no effect on the feed per gain. 

Increasing conditioning temperatures caused gradual improvements in the PDI of 

maize-based diets, while the improvement was marked in the sorghum-based diet 

conditioned at 90 ºC. In both grain-type diets, pellet hardness increased with increasing 

conditioning temperatures, particularly at 90 ºC. In maize-based diets, ileal N 

digestibility was poorer at 75 ºC compared with 60 and 90 ºC whereas ileal starch 

digestibility was unaffected by conditioning temperature and AME was higher at 75 ºC 
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compared with 60 and 90 ºC. For sorghum-based diets, increasing conditioning 

temperatures resulted in linear reductions in the ileal N and starch digestibility and 

AME. 

Data reported in Chapter 6 showed that in mash diets, increasing conditioning 

temperatures above 60 ºC had negative effects on weight gain, feed per gain and 

nutrient utilisation of broiler starters. But the deterioration in performance parameters 

caused by conditioning at higher temperatures was restored when steam-conditioned 

mash diets were pelleted. Pellet durability and hardness increased with increasing 

conditioning temperatures. 

Data reported in Chapter 7 showed that the negative effect of higher 

conditioning temperature on weight gain, and to some extent feed intake, of broilers is 

not limited to the starter period (d 1 to 21), but can also be carried over the whole 

growth period (d 1 to 35). This study also illustrated possibilities for high quality pellets 

to be manufactured by the addition of pellet binder or/and moisture to a mash diet 

without the need for high conditioning temperatures. 

The final experiment (Chapter 8) demonstrated that increasing the pellet length 

from 3- to 6-mm during the grower period (d 10 to 21) positively influenced the weight 

gain and feed per gain of broilers. While the weight gain response disappeared as the 

birds grew older, improvements in feed per gain was maintained over the finisher (d 22 

to 42) and whole grow-out (d 10 to 42) periods in 4.76-mm diameter pellets. This study 

also showed that using a small diameter die hole and longer pellet length may have an 

additive effect on pellet quality, and provide opportunities to produce high quality 

pellets under low conditioning temperatures. 

The major finding of this thesis research was that the balance between the 

negative effect of high conditioning temperatures on nutrient availability and the 

positive effect on pellet quality is relevant in determining the broiler performance. The 

probability and magnitude of these two counteracting effects determine the performance 

of broilers. Another important finding was that the pre-conditioning addition of 

moisture and the use of small diameter die hole and longer pellet length can effectively 

address pellet quality concerns at low conditioning temperatures.  



iii 
 

Acknowledgements 
 

I would like to express my gratitude to my supervisor, Professor V. (Ravi) Ravindran, 

whose inspiration, expertise and understanding, added considerably to my graduate 

experience. I do appreciate his patience, vast knowledge and supervision in conducting 

and writing this thesis. 

I am heartily thankful to my co-supervisors, Dr. G. (Rana) Ravindran and Dr. 

Timothy J. Wester, whose encouragement, guidance and support enabled me to develop 

an understanding of the subject.  

I must also acknowledge Donald V. Thomas for his technical support, 

suggestions, and for helping me enrich my experience. 

I am grateful to the staff of the Massey University Poultry Research Unit, for the 

support they provided me through my entire project. My special appreciation goes to 

Colin Naftel, Edward James, Ricky Lee Te Huki and Kalwyn Pereka. 

I appreciate the staff of the IFNHH Nutrition, and Food Chemistry Lab for their 

assistance and patience. 

I wish to thank my student colleagues for helping me through my study. I am 

especially grateful to Ahmed M. Amerah and Piyamas Tancharoenrat. 

Lastly, and most importantly, I would like to thank my parents, who loved me, 

supported me and taught me to learn; and my wife, Faegheh Zaefarian, who meant the 

love for me and provided me the opportunity to study PhD; and my little angel, Aily, 

who brought more happiness and love to my life. Without their love, support and 

encouragement, I would not have made this achievement. To them I dedicate this thesis.  

 

 

 

 

 

 

 

 

 

 



iv 
 

Publications 
 

Studies completed during candidature, some of which are reported in this thesis have 

been presented in the following communications: 

 

Refereed scientific papers: 

Abdollahi, M.R., Ravindran, V., Wester, T.J., Ravindran, G. and Thomas, D.V. (2011) 
Influence of feed form and conditioning temperature on performance, apparent 
metabolisable energy and ileal digestibility of starch and nitrogen in broiler starters 
fed wheat-based diet. Animal Feed Science and Technology 168: 88-99. 

Abdollahi, M.R., Ravindran, V., Wester, T.J., Ravindran, G. and Thomas, D.V. (2010) 
Influence of conditioning temperature on performance, apparent metabolisable 
energy, ileal digestibility of starch and nitrogen and the quality of pellets, in broiler 
starters fed maize- and sorghum-based diets. Animal Feed Science and Technology 
162: 106-115. 

Abdollahi, M.R., Ravindran, V., Wester, T.J., Ravindran, G. and Thomas, D.V. (2010) 
Influence of conditioning temperature on the performance, nutrient utilisation and 
digestive tract development of broilers fed on maize- and wheat-based diets. British 
Poultry Science 51: 648-657. 

 

Conference proceedings: 

Abdollahi, M.R., Thomas, D.V., Wester, T.J., Ravindran, G. and Ravindran, V. (2011) 
Effects of a commercial pellet binder and moisture addition on pellet quality and, the 
performance and nutrient utilisation of broilers. Proceedings of the Australian Poultry 
Science Symposium 22: 61-64. Sydney, Australia. 

Abdollahi, M.R., Wester, T.J., Thomas, D.V., Ravindran, G. and Ravindran, V. (2011) 
Influence of feed form and conditioning temperature on the performance and nutrient 
utilisation of broiler starters fed wheat-based diet. Proceedings of the Australian 
Poultry Science Symposium 22: 209-212. Sydney, Australia. 

Ravindran, V., Amerah, A.M. and Abdollahi, M.R. (2010) Influence of particle size, 
feed form and pelleting temperature on broiler performance. Proceedings of 4th 
International Broiler Nutritionists’ Conference, Poultry Beyond 2015, Pages 177-187. 
Convention Centre, Christchurch, New Zealand. 

Abdollahi, M.R., Ravindran, G., Wester, T.J., Thomas, D.V. and Ravindran, V. (2010) 
Influence of conditioning temperature and feed form on the nutrient utilisation and the 
performance of broilers fed wheat-based diets. Proceedings of the Massey Technical 
Update Conference, Volume 12, Pages 67-76. Monogastric Research Centre, Massey 
University, Palmerston North, New Zealand. 

Abdollahi, M.R., Wester, T.J., Ravindran, G., Thomas, D.V. and Ravindran, V. (2010) 
Conditioning temperature effects on performance and nutrient utilisation of broiler 
starters fed maize- and sorghum-based diets and on pellet quality. Proceedings of the 
XIIIth European Poultry Conference, France, August 2010.  



v 
 

Abdollahi, M.R., Ravindran, V., Ravindran, G., Wester, T.J. and Thomas, D.V. (2010) 
Influence of conditioning temperature on pellet quality and the performance and 
nutrient utilisation of broilers fed maize- and sorghum-based diets. Proceedings of the 
New Zealand Society of Animal Production, Volume 70, Pages 272-274. Palmerston 
North, New Zealand. 

Abdollahi, M.R., Ravindran, G., Wester, T.J., Thomas, D.V. and Ravindran, V. (2009) 
Conditioning temperature effects in maize- and sorghum-based diets. Proceedings of 
the Massey Technical Update Conference, Volume 11, Pages 36-44. Monogastric 
Research Centre, Massey University, Palmerston North, New Zealand. 

Abdollahi, M.R., Ravindran, V. and Thomas, D.V. (2009) Influence of pelleting 
temperature on the performance and nutrient utilisation of broiler starters. Proceedings 
of the Australian Poultry Science Symposium 20: 121-122. Sydney, Australia.  

Abdollahi, M.R., Ravindran, V., Wester, T.J., Ravindran, G. and Thomas, D.V. (2008) 
Broiler performance is adversely affected by higher pelleting temperatures. 
Proceedings of the Nutrition Society of New Zealand, Volume 33, Pages 153-158. 
Christchurch, New Zealand. 

Abdollahi, M.R., Ravindran, V., Thomas, D.V. and Amerah, A. M. (2008) Effect of 
pelleting temperature on broilers performance and pellet quality. Proceedings of the 
Massey Technical Update Conference, Volume 10, Pages 113-118. Monogastric 
Research Centre, Massey University, Palmerston North, New Zealand.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



vi 
 

Table of Contents 
Abstract .............................................................................................................................. i 
Acknowledgements .......................................................................................................... iii 
Publications ...................................................................................................................... iv 
Table of Contents ............................................................................................................. vi 
List of Tables..................................................................................................................... x 
List of Figures ................................................................................................................. xii 
List of Abbreviations...................................................................................................... xiii 
CHAPTER 1 ..................................................................................................................... 1 
General introduction.......................................................................................................... 1 
CHAPTER 2 ..................................................................................................................... 4 
Review of Literature ......................................................................................................... 4 

2.1. Feed processing technology ............................................................................... 4 

2.1.1. Introduction ................................................................................................. 4 

2.1.2. Receipt of the raw materials ........................................................................ 4 

2.1.3. Grinding (Particle size reduction) ............................................................... 5 

2.1.4. Proportioning and Mixing ........................................................................... 7 

2.1.5. Thermal treatments...................................................................................... 7 

2.1.5.1. Extrusion cooking ................................................................................ 7 

2.1.5.2. Expansion (Thermal pressure conditioning) ........................................ 8 

2.1.5.3. Pelleting process .................................................................................. 8 

2.1.6. Packaging, Warehousing and Loading ...................................................... 13 

2.1.7. Conclusions ............................................................................................... 13 

2.2. Effect of pelleting process on feed components ............................................... 14 

2.2.1. Introduction ............................................................................................... 14 

2.2.2. Starch......................................................................................................... 14 

2.2.2.1. Starch gelatinisation ........................................................................... 15 

2.2.2.2. Starch retrogradation.......................................................................... 18 

2.2.3. Protein ....................................................................................................... 19 

2.2.3.1. Protein denaturation ........................................................................... 19 

2.2.3.2. Maillard reaction ................................................................................ 20 

2.2.4. Non-starch polysaccharides (NSP) ........................................................... 20 

2.2.5. Energy ....................................................................................................... 22 

2.2.6. Destruction of feed ingredients cell wall .................................................. 24 



vii 
 

2.2.7. Enzymes .................................................................................................... 25 

2.2.8. Vitamins and Minerals .............................................................................. 27 

2.2.9. Enzyme inhibitors ..................................................................................... 28 

2.2.9.1. Trypsin inhibitors ............................................................................... 28 

2.2.9.2. Alpha-Amylase inhibitors .................................................................. 28 

2.2.10. Effect of pelleting on feed particle size..................................................... 29 

2.2.11. Conclusions ............................................................................................... 29 

2.3. Pelleting and bird performance ........................................................................ 30 

2.3.1. Introduction ............................................................................................... 30 

2.3.2. Effect of physical form and quality of feed on broiler performance......... 31 

2.3.3. Effect of conditioning temperature on broiler performance ..................... 33 

2.3.4. Effect of feed form on nutrient requirements of broilers .......................... 35 

2.3.5. Effect of pellet feeding on nutrient digestibility ....................................... 36 

2.3.6. Effect of pelleting on digestive tract development and morphology ........ 37 

2.3.7. Conclusions ............................................................................................... 39 

2.4. Physical pellet quality ...................................................................................... 40 

2.4.1. Physical pellet quality parameters ............................................................. 40 

2.4.1.1. Pellet durability .................................................................................. 40 

2.4.1.2. Pellet hardness ................................................................................... 41 

2.4.2. Possible manipulations to manufacture high physical quality pellets ....... 41 

2.4.2.1. Manipulating diet formulation ........................................................... 42 

2.4.2.2. Use of binding agents ........................................................................ 44 

2.4.2.3. Decreasing grain particle size ............................................................ 46 

2.4.2.4. Manipulation of steam-conditioning process ..................................... 47 

2.4.2.5. Manipulating pellet press settings ..................................................... 49 

2.4.2.6. Decreasing production rate ................................................................ 50 

2.4.2.7. Manipulating cooling and drying system........................................... 51 

2.4.3. Conclusions ............................................................................................... 51 

CHAPTER 3 ................................................................................................................... 52 
General Materials and Methods ...................................................................................... 52 

3.1. Birds and Housing ............................................................................................ 52 

3.2. Apparent metabolisable energy (AME) determination .................................... 52 

3.3. Ileal digesta collection ...................................................................................... 52 

3.4. Chemical analysis ............................................................................................. 53 



viii 
 

3.5. Calculations ...................................................................................................... 54 

3.6. Digestive tract measurements ........................................................................... 54 

3.7. Pellet durability ................................................................................................ 54 

3.8. Pellet hardness .................................................................................................. 55 

3.9. Statistical analysis ............................................................................................ 55 

CHAPTER 4 ................................................................................................................... 56 
Influence of conditioning temperature on the performance, nutrient utilisation and 
digestive tract development of broiler starters fed maize- and wheat-based diets .......... 56 

4.1. Abstract ............................................................................................................ 56 

4.2. Introduction ...................................................................................................... 57 

4.3. Materials and Methods ..................................................................................... 58 

4.4. Results .............................................................................................................. 60 

4.5. Discussion ........................................................................................................ 68 

4.6. Conclusions ...................................................................................................... 72 

CHAPTER 5 ................................................................................................................... 73 
Influence of conditioning temperature on the performance, nutrient utilisation and 
digestive tract development of broiler starters fed maize- and sorghum-based diets ..... 73 

5.1. Abstract ............................................................................................................ 73 

5.2. Introduction ...................................................................................................... 74 

5.3. Materials and Methods ..................................................................................... 76 

5.4. Results .............................................................................................................. 78 

5.5. Discussion ........................................................................................................ 91 

5.6. Conclusions ...................................................................................................... 95 

CHAPTER 6 ................................................................................................................... 97 
Influence of feed form and conditioning temperature on the performance, nutrient 
utilisation and digestive tract development of broiler starters fed wheat-based diets..... 97 

6.1. Abstract ............................................................................................................ 97 

6.2. Introduction ...................................................................................................... 98 

6.3. Materials and Methods ..................................................................................... 99 

6.4. Results ............................................................................................................ 103 

6.5. Discussion ...................................................................................................... 114 

6.6. Conclusions .................................................................................................... 119 

CHAPTER 7 ................................................................................................................. 120 
Effect of improved pellet quality from the addition of a pellet binder or/and moisture to 
a wheat-based diet conditioned at different temperatures on performance and nutrient 

utilisation of broilers ..................................................................................................... 120 



ix 
 

7.1. Abstract .......................................................................................................... 120 

7.2. Introduction .................................................................................................... 121 

7.3. Materials and Methods ................................................................................... 122 

7.4. Results ............................................................................................................ 125 

7.5. Discussion ...................................................................................................... 131 

7.6. Conclusions .................................................................................................... 134 

CHAPTER 8 ................................................................................................................. 135 
Influence of pellet diameter and length on the quality of pellets and, performance, 
nutrient utilisation and digestive tract development of broilers fed wheat-based diets 135 

8.1. Abstract .......................................................................................................... 135 

8.2. Introduction .................................................................................................... 136 

8.3. Materials and Methods ................................................................................... 138 

8.4. Results ............................................................................................................ 140 

8.5. Discussion ...................................................................................................... 147 

8.6. Conclusions .................................................................................................... 151 

CHAPTER 9 ................................................................................................................. 152 
General discussion ........................................................................................................ 152 

9.1. Introduction .................................................................................................... 152 

9.2. Influence of conditioning temperature on the NSP content ........................... 153 

9.3. Influence of conditioning temperature on the GS content.............................. 153 

9.4. Influence of conditioning temperature on the RS content .............................. 154 

9.5. Influence of pellet die on GS, RS and NSP contents ..................................... 155 

9.6. Influence of conditioning temperature on feed particle size .......................... 155 

9.7. Influence of conditioning temperature on starch and N digestibility ............. 156 

9.8. Influence of conditioning temperature on physical pellet quality .................. 157 

9.9. Pellet durability test or pellet hardness test, which one is best? ..................... 157 

9.10. Influence of conditioning temperature on broiler performance: A balance 
between nutrient availability and physical pellet quality .......................................... 158 

9.11. Possible solutions to manufacture high physical quality pellets ................ 159 

9.12. How can the broiler industry benefit from high physical quality pellets 
produced at low conditioning temperatures? ............................................................. 160 

9.13. Do we really need high conditioning temperatures? .................................. 161 

9.14. Summary and main conclusions ................................................................. 162 

REFERENCES .............................................................................................................. 164 

 



x 
 

List of Tables 

Table 4.1. Composition and calculated analysis (g/kg as fed) of the basal diets………59
Chapter 4 

 

Table 4.2. Influence of grain type and conditioning temperature on weight gain (g/bird), 
feed intake (g/bird), feed per gain (g feed/g gain) of broiler starters and PDI 
(%)…………………..………………………………………………………………..61 

Table 4.3. Influence of grain type and conditioning temperature on ileal N digestibility, 
ileal starch digestibility, AME (MJ/kg DM), digestible protein intake (g/bird) and 
AME intake (MJ/bird, 1-21 d posthatch) in broiler starters…………………………63 

Table 4.4. Influence of grain type and conditioning temperature on relative length 
(cm/kg body weight) and digesta content (g/kg body weight) of the digestive tract of 
broiler starters………………………………………………………………………..66 

Table 4.5. Influence of grain type and conditioning temperature on relative empty 
weight (g/kg body weight) of the digestive tract and relative organ weights (g/kg body 
weight) of broiler starters…………………………………………………………....67 

Table 4.6. Influence of grain type and conditioning temperature on insoluble, soluble 
and total NSP contents (g per 100 g, DM) of the diets……………………………..68 

Table 5.1. Composition and calculated analysis (g/kg as fed) of the basal diets...........77 
Chapter 5 

Table 5.2. Influence of grain type and conditioning temperature on weight gain (g/bird), 
feed intake (g/bird), feed per gain (g feed/g gain) of broiler starters and PDI (%) and 
pellet hardness (Newton).............................................................................................79 

Table 5.3. Influence of grain type and conditioning temperature on ileal N digestibility, 
ileal starch digestibility, AME (MJ/kg DM), digestible protein intake (g/bird) and 
AME intake (MJ/bird, 1-21 d posthatch) in broiler starters........................................81 

Table 5.4. Influence of grain type and conditioning temperature on relative length 
(cm/kg body weight) and digesta content (g/kg body weight) of the digestive tract of 
broiler starters..............................................................................................................85 

Table 5.5. Influence of grain type and conditioning temperature on relative empty 
weight (g/kg body weight) of the digestive tract and relative organ weights (g/kg body 
weight) of broiler starters.............................................................................................86 

Table 5.6. Influence of grain type and conditioning temperature on GS and RS contents 
(g per 100 g total starch, DM) of the diets..................................................................87 

Table 5.7. Influence of grain type and conditioning temperature on insoluble, soluble 
and total NSP contents (g per 100 g, DM) of the diets...............................................89 

Table 5.8. Influence of pellet die on GS and RS contents (g per 100 g total starch, DM) 
and total NSP content (g per 100 g, DM) of the diets................................................90 

Table 6.1. Composition and calculated analysis (g/kg as fed) of the basal diet..........101 
Chapter 6 

Table 6.2. Influence of feed form and conditioning temperature on the weight gain 
(g/bird), feed intake (g/bird), feed per gain (g feed/g gain), adjusted feed per gain (g 



xi 
 

feed/kg gain) of broiler starters, and feed hardness (KJ), PDI (%) and pellet hardness 
(Newton).....................................................................................................................105 

Table 6.3. Influence of feed form and conditioning temperature on ileal N digestibility, 
ileal starch digestibility, AME (MJ/kg DM), digestible protein intake (g/bird) and 
AME intake (MJ/bird, 1-21 d posthatch) in broiler starters.......................................107 

Table 6.4. Influence of feed form and conditioning temperature on relative length 
(cm/kg body weight) and digesta content (g/kg body weight) of the digestive tract of 
broiler starters.............................................................................................................111 

Table 6.5. Influence of feed form and conditioning temperature on relative empty 
weight (g/kg body weight) of the digestive tract and relative organ weights (g/kg body 
weight) of broiler starters...........................................................................................112 

Table 6.6. Influence of feed form and conditioning temperature on GS and RS contents 
(g per 100 g total starch, DM) and RS:GS ratio of the diets.....................................113 

Table 7.1. Composition and calculated analysis (g/kg as fed) of the basal diets.........124 
Chapter 7 

Table 7.2. Influence of the dietary treatments on weight gain (g/bird), feed intake 
(g/bird) and feed per gain (g feed/g gain) of broilers during starter (d 1 to 21), finisher 
(d 22 to 35) and whole trial (d 1 to 35) periods.........................................................127 

Table 7.3. Influence of the dietary treatments on PDI (%), pellet hardness (Newton), 
AME (MJ/kg DM), ileal N and starch digestibility in broilers..................................129 

Table 7.4. Influence of the dietary treatments on relative empty weight (g/kg body 
weight) of proventriculus and gizzard of broilers......................................................130 

Table 7.5. Influence of the dietary treatments on GS and RS contents (g/100 g total 
starch, DM) of the diets.............................................................................................130 

Table 8.1. Composition and calculated analysis (g/kg as fed) of the basal diets..........138 
Chapter 8 

Table 8.2. Influence of pellet diameter (PD, mm) and pellet length (PL, mm) on the 
weight gain (g/bird), feed intake (g/bird) and feed per gain (g feed/g gain) of broilers 
during grower (d 10 to 21), finisher (d 22 to 42) and whole trial (d 10 to 42) 
periods........................................................................................................................142 

Table 8.3. Influence of pellet diameter (PD, mm) and pellet length (PL, mm) on GS 
content (g per 100 g total starch, DM), intact pellet weight (g), PDI (%) and pellet 
hardness (Newton) of the diets, and AME (MJ/kg DM), ileal N and starch digestibility 
in broilers....................................................................................................................145 

Table 8.4. Influence of pellet diameter (PD, mm) and pellet length (PL, mm) on relative 
length (cm/kg body weight) and empty weight (g/kg body weight) of the digestive 
tract of the broilers.....................................................................................................146 



xii 
 

List of Figures 
Chapter 2 
Figure 2.1. Maize kernel   .................................................................................................. 5
Figure 2.2. Hammer mill and roller mill   .......................................................................... 6
Figure 2.3. Typical flow diagram for pelleting system   .................................................... 9
Figure 2.4. Side view of pellet crumbler rolls   ................................................................ 12
Figure 2.5. Pellet screener   .............................................................................................. 13
Figure 2.6. Changes in the morphology of maize starch granules at different 
temperatures.   ................................................................................................................... 15
Figure 2.7. Aleurone cells present in the excreta.   ........................................................... 24
Figure 2.8. Cell wall breakage in aleurone cells present in the excreta   .......................... 25

Chapter 6 
Figure 6.1. Particle size distribution of mash diets   ....................................................... 103
Figure 6.2. Particle size distribution of pellet diets   ....................................................... 103



xiii 
 

List of Abbreviations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ADE Apparent digestible energy 
AME Apparent metabolisable energy 
AMEn Nitrogen-corrected apparent metabolisable energy 
ANOVA Analysis of variance 
BTU British thermal units 
cPs Centipoise 
d Days 
DDGS Distiller’s dried grains with solubles 
DM Dry matter 
DSC Differential scanning calorimetry 
g Gram 
GE Gross energy 
GIT Gastrointestinal tract 
GLM General linear model 
GS Gelatinised starch 
h Hours 
HT/ST High-temperature/Short-time 
IU International unit 
KJ Kilo joule 
kPa Kilo Pascal 
mg Milligram 
MJ Mega joule 
mm Millimetre 
N Nitrogen 
NE Net energy 
NRC National research council 
NSP Non-starch polysaccharide 
PD Pellet diameter 
PDI Pellet durability index 
PL Pellet length 
psig Pound-force per square inch gauge 
RDS Rapidly digestible starch 
RS Resistant starch 
SDS Slowly digestible starch 
SEM Standard error of mean 
Ti Titanium 
TMEn Nitrogen-corrected true metabolisable energy 
U Unit 
UV Ultra violet 


