
 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 

NUTRITIONAL EVALUATION OF UNTREATED AND UREA-
TREATED RICE STRAW FOR IMPROVED UTILIZATION BY GOATS 

 
 
 
 
 

ANDREW ALEK TUEN 
 
 
 
 
 

FPV 1992 2 



NUTRITIONAL EVALUATION OF UNTREATED AND UREA-TREATED 
RICE STRAW FOR IMPROVED UTILI ZATION BY GOATS 

By 

ANDREW ALEK TUEN 

Thesis Submitted in Fulf i lment of the Requirements for 
the Degree of Doctor of Phi losophy in the Faculty of 

Veterinary Medicine and Anima l Science , 
universiti Pertanian Ma lays i a  

June 1 9 9 2  



ACKNOWLEDGEMENTS 

I would l ike to express my s i ncere gratitude and 

appreciation to Professor Dr . Mohd Mahyuddin Dahan for 

h i s  guidance and supervis ion during the course of thi s  

study and a lso for giving me the opportunity to s erve in 

the Department of Anima l Science , UPM Serdang , where thi s  

study was conducted . 

I am grateful to my col leagues and espec ia l ly Drs . 

I<as s im Hamid and Tengku Azmi , formerly Heads of 

Department of Anima l Science , for their encouragement and 

permiss ion to use the fac i l ities in the department . I 

would a l so l ike to thank Dr . Pravee Vij chul ata for h i s  

supervis ion a t  the beginning of the program . 

Technica l assistance from En . Saparin Demin , En . 

Sharin Ahmad , cik Nor i z ah Adam , En . Ibrahim Moshin , En . 

Rahman and En . Bakari is grateful ly acknowledged . 

My special thanks goes to Dr . Ram l i  Othman , formerly 

Head of Radiobiology Section , PUSPATI , for providing the 

mutant rice straw ana lysed in chapter I I I  and for 

permiss ion to use some of his data on the phys ical 

attributes of the mutant straw . 

i i  



F inanc i a l  support from UPM 

I nternati ona l Atomic Energy 

I nternational Foundation for 

gratefully acknowledged . 

( Ma lays ian Government ) ,  

Agency ( Austri a )  and 

science ( Sweden) i s  

Fina l ly I would l ike t o  thank my wife Dr . Anna 

I nggriana , sons Chr istopher and Michael and my parents 

for their patience and understanding . 

i i i  



TABLE OF CONTENTS Page 

�<:lCNO���[)C;���N�� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . i i  

�I�� OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . x 

�I�� OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . x iv 

�IS� OF PLATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . xvi 

�IS� OF �BBR�VI��ION� . . . . . . . . . . . . . . . . . . . . . . . . .  . xvi i  

�B��AA<:� xx 

�B��AAlC xxi i i  

<:H�P��R 

I 

I I  

IN�RO[)U<:�ION 1 

�I��AA�UR� R�VI�� 4 

�traw [)escription and �erminology 4 

�va i l abi l ity and Potential Uses 
of Rice straw . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Ava i labi l ity . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Potential Uses . . . . . . . . . . . . . . . . . . . . . . . .  6 

Feeding Va lue of Rice �traw . . . . . . . . . . • . . . .  7 

<:oncept and �va luation <:riteria . . . . . . .  7 

Factors Affecting Nutr itive Value . . . . .  8 

Improving the Feeding Value of �traw . . . . . .  2 5  

�election and Breeding . . . . . . . • . . . . . . . .  2 5  

<:hemica l Pretreatment o f  �traw . . . . . . . .  2 6  

Other Pretreatment Methods . . . . . . . . . . . .  3 0  

�conomic Aspect of Pretreatment . . . . . . .  3 3  

�upplementation of �traw Based [)iet • . .  3 4  

[)igestion and �etabol i sm o f  �traw <:omponents 4 2  

�he Rumen �nviroment and its <:ontrol . .  4 2  

iv 



I I I  

IV 

Carbohydrates and Lipids . . . . . . . . . . . . . .  4 4  

Nitrogen Compounds 4 5  

Energy and Protein Interactions 
in the Rumen . . . . . . . . . . . . . . . . . . . . . . . . . .  4 8  

Calcium and Phosphorus • . . . . . . . . . . . . • . •  4 8  

Concluding Remarks . . . . . . . . . . . . . . . . . • . . . . . .  5 2  

CHEMICAL COMPOSITION AND DEGRADABILITY 
OF UNTREATED RI CE STRAW . . . . . . . . . . . . . . . . . .  . 5 4  

I ntroduction . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 5 4  

Materi a l s  and Methods 5 5  

Experimental site and Straw Types . . . . .  5 5  

Sample Col lection and Ana lys i s  . . . . . . . .  5 5  

Resul t s  .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  5 9  

Phys ica l Attributes of Rice Straw . . . . .  5 9  

Chemical compos ition . . . . . . . . . . . . . . . . . .  6 2  

Solubil ity and Degradabil ity of 
Rice straw .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  6 3  

Correlation Between Phys ical 
Attributes ,  Chemica l Compos ition 
and Degradabi l ity . . . . . . . . . . . . . . . . . . . . .  6 7  

Discuss ion .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  6 7  

THE EFFECT O F  CHEMICAL PRETREATMENT ON 
CHEMICAL COMPOSITION , DEGRADABILITY AND 
PREFERENCE OF RICE STRAW BY GOATS . . . . . . .  . 7 2  

I ntroduction .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  7 2  

Materials and Methods . . . . . . . . . . . . . . . . . . . .  7 3  

Animal s  .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ..  7 3  

Chemical Treatments of Rice Straw . . . .  7 3  

Nutritive Evaluation of Rice Straw . . .  7 5  

v 



Preference Studies . . . . . . . . . . . . . . . . . . . 7 6  

statistical Ana lys is . . . . . . . . . . . . . . . . .  7 7  

Result . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 7  

Phys ical and Sensory Characteristics 7 5  

Chemica l Compos ition and Degradabi l ity 7 9  

Nitrogen content o f  Straw Treated with 
Ammonia and Urea . . . . . . . . . . . . . . . . . . . . .  8 2  

Preference of Chemical ly-treated and 
Untreated Rice Straw . . . . . . . . . . . . . . . . .  8 3  

Discuss ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 5  

The Effect o f  Treatment on Nutritive 
Va lue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 5  

The Effect of Treatment on Straw 
Acceptabi l ity . . . . . . . . . . . . . . . . . . . . . . . .  8 7  

V INTAKE , DIGESTIBILITY AND NITROGEN 
BALANCE STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . .  9 1  

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 1  

Materials and Methods . . . . . . . . . . . . . . . . . . . •  9 2  

Anima ls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 2  

D iets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 3  

Experimenta l  Des ign . • . . . . . . . . . . . . . . . .  9 4  

Measurement o f  Ad Libi tum I ntake . . . . .  9 5  

Measurement o f  In Vivo Digestibi l ity 9 6  

N itrogen Balance . . . . . . . . . . . . . . . . . . . . .  9 6  

Rumen Funct i on . . . . . . . . . . . . . . . . . . . . . . .  9 7  

Sample Col lect ion , Preparat ion 
and Analys is . . . . . . . . . . . . . . . . . . . . . . . . .  9 7  

statistical Ana lys is . . . . . . . . . . . . . . • . .  9 8  

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 0  

Anima ls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 0 0  

vi 



Dietary Character istics . . . . . . . . . . . . . .  1 0 0  

Intakes o f  OM and OM . . . . . . . . . . . . • . . . .  1 0 1  

Digestibi l ity of OM and OM . . . . • . . . . • •  1 0 2  

N itrogen Ba lance 1 0 4  

Rumen Function . . . . . . . . . . . . . . . . . . . . . . .  1 0 6  

D iscuss ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 7  

VI RUMEN FUNCTION AND RATES OF 

V I I  

PASSAGE STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 1  

I ntroduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 1  

Materials and Methods . . . . . . . . . . . . . . . . . . . .  1 1 2  

Anima l s , Diets and Experimenta l  
Des ign . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 12 

Rumen Function Studies . . . • . . . . . . • . . . .  1 1 3  

Rates o f  Passage Studies . . . . . . . . . . . . .  1 1 3  

Sample Preparation and Analys i s  . . . . . .  1 14 

Statistical Ana lys is . . . . . . . . . . . . . . . . .  1 1 6  

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 8  

Rumen pH , Ammonia-N and Volati le 
Fatty Acid Concentration • . . . • . . . . . . . .  1 1 8  

Rates o f  Passage . . . . . . . . . . . . . . . . . . . . .  1 2 2  

D iscuss ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 3  

Rumen Enviroment and Function . • . . . . . .  1 2 3  

Rates of Passage 1 2 5  

CALCIUM AND PHOSPHORUS UTILI ZATION . . . . . .  . 1 2 8  

I ntroduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 8  

Materials and Methods . . . . . . . . . . . . . . . . . . . .  1 2 9 

Anima l s , Diets and Experimental Design 1 2 9  

vii 



VII I  

Calcium and Phosphorus Balance . . . . • . •  1 3 0  

Measurement of Endogenous Excretion o f  P 1 3 1  

Sample Preparat ion and Ana lys i s  . . . . . .  1 3 3  

stat istical Ana lys is . . . . . . . . . . . . . . . . .  1 3 4  

Resul t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 4  

Calcium and Phosphorus Concentrati on 
in Feeds . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 4  

Calcium Ba lance . . . . . . . . . . . . . • . . • . . . . .  1 3 5  

Phosphorus Ba lance . . . . . . . . . . . . . . . . . . .  1 3 8  

Endogenous Excretion and Absorpt ion 
of Phosphorus . . . . . . . . . . . . . . . . . . . . . . . .  1 4 0 

Liveweight Changes . . . . . . . . . . . • . . . . . . .  1 4 5 

D iscuss ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 6  

NITROGEN AND MINERAL SUPPLEMENTATION 
OF GOATS FED UREA-TREATED RICE STRAW 

Introduction 

1 5 1  

1 5 1  

Materials and Methods . . . . . . . . . . . . . . . . . . . .  1 5 2  

Exper imenta l Anima ls and Housing . . . . .  1 5 2  

D iets and Feeding Management . . . . . . . . .  1 5 2  

Experimenta l Design . . . . . . . . . . . . . . . . . .  1 5 3  

Average Dai ly Gain , Intake , 
D igestibi l ity and Ba lance Measurements 1 5 4  

Endogenous Excretion and Ava i labil ity 
of Ca lcium . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 4  

Sample Preparation and Analys is . . . . . .  1 5 7  

Statistical Analys is . . . . . . . . . • . . • . . . .  1 5 9  

Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 9  

Chemica l composition of Dietary 
Components . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 9  

viii  



I X  

X 

Average Da i ly Gain , Intake 
and Digestibil ity . . . . . . . . . . . . . . . . . . . .  1 6 0  

Nitrogen , Calcium and Phosphorus 
Bal ances . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 2  

Endogenous Excretion and Ava i lab i l ity 
of Calcium . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 6  

D iscuss ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 8  

compos ition o f  Diets . • . . . . . • . . . . . • . . .  1 6 8  

Effects on Growth , Intake and 
Digestibil ity . . . . . . . . . . . . . . . . . . . . . . . .  1 6 8  

Effect on C a  and P Metabol i sm . . . . . . . .  17 0 

GENERAL DISCUSSION AND CONCLUSION . . . . . . .  . 1 7 4  

REFERENCES • • . • . • . • . . • • • • • • . • • • • • • • • • • • • • •  1 8 0  

X I  APPENDICES 

X I I  

A 

B 

Chemical Compos ition of Chemica l ly 
Treated Rice Straw ( g/ kg OM) . . . . . . . .  . 

Washing Loss and Degradabi l ity of 
Chemica l ly Treated Rice Straw Incubated 
Ins ide the Rumen of Goats ( g/ kg )  . . . . .  

BIOGRAPHICAL SKETCH . . . . . . . . . . . . . . . . . . . . .  . 

ix 

2 1 0  

2 1 1  

2 12 



Table 

1 

2 

3 

4 

5 

6 

7 

8 

9 

LIST OF TABLES 

Straw Production and Livestock 
units in Malays ia in 19 8 5  . • • . . . . . • • .  

Nutritive Value (gjkg DM) o f  Rice 
Straw Leaf and Stem . . . . • . . . . . . . . . . . .  

Dry Matter Intake ( DMI ) and 
D igestibi l ity ( DMD ) of Rice 

Page 

6 

1 0  

Straw i n  Ruminants . . . . . . . • . . . . • . • • . .  1 5  

Phys ical Attributes of MR8 4 , MR5 2  
and IR4 2 Variety of Rice straw . . . . .  . 

Phys ical Attributes of Mutant 
strains of Rice Straw . . . . . . . . . . . . . .  . 

Chemical compos ition of MR8 4 , MR5 2 
and IR4 2 Variety of Rice Straw 

5 9  

6 0  

(g/kg DM) . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  

Chemical Compos ition o f  Mutant 
stra ins of Rice straw ( g j kg DM) 

Solub i l ity and Degradabil ity of DM 
and OM of MR8 4 , MR5 2  and IR4 2 
Variety of Rice Straw ( gj kg )  . . . . . . .  . 

Solubi l ity and Degradabi l ity of DM 
and OM of Mutant strains of Rice 

6 2  

6 3  

straw ( gjkg )  . . . . . . . . . . . . . . . . . . . . . • . .  6 3  

1 0  Degradation Characteristics o f  
MR8 4  Straw and Stem Incubated in 
Nylon Bags Ins ide the Rumen of 
Goats . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 5  

x 



1 1  Correlation Coefficient Between 
Physical Attributes , Chemica l 
Composition and Degradab i l ity of 
Mutant stra ins of Rice Straw . • • . • . • .  

1 2  Chemical Composition of untreated 
and Chemical ly Treated Rice straw 

Page 

6 7  

( 9 / kg DM) . . • • • . • • • . . • • • . • • . . • • . • • • . .  8 0  

1 3  Washing Loss and Degradabi l ity of 
untreated and Chemica lly Treated 
Rice straw Incubated Ins ide the 
Rumen of Goats ( g/kg )  . . . . . . . . . . . . . . .  8 1  

14 Amount of straw Remaining in 
the Feed Basin at 2 4  Hours After 
Feeding as % of the Amount O ffered 8 5  

15 Al location of Treatment Diets to 
Goats ( 1  to 6 )  in a Dup l icated 3 x3 
Lat in Square Des ign . . . . • . . . . . . . . . . . .  9 5  

1 6  Sources o f  var iations and Their 
Respect ive Degrees of Freedom in 
the ANOVA of a Dup l icated 3x3  
Latin Square Des ign . . . . . . . . . . . . . . . . .  9 9  

17 Chemical Composition of Untreated 
and Urea-treated Rice Straw and 
Molasses ( g/ kg DM) . . . . . . . . . . . . . . . . . .  1 0 1  

18 Amount of DM and OM Offered and 
Consumed Da i ly by Goats Fed 
Rice straw During the Ad Libi tum 
Feeding Period . . . . . . . . . . . . . . . . . . . . . .  1 0 2  

1 9  Digestibi l ity of DM and OM and 
D igestible OM Intake ( DOMI ) by 
Goats Fed Rice straw During the 
Restricted Feeding Period . . . . . . . . . . .  1 0 3  

xi 



2 0  Intake , Excretion and Retention 
of Nitrogen in Goats Fed Rice 
straw During the Restricted 

Page 

Feeding Period ( gj d )  . . . . . . . . • . . • . . . .  1 0 4  

2 1  Correlation Between Dry Matter 
I ntake ( OMI ) and Intake , Faecal 
and urinary Excretion and 
Retention of Nitrogen in 
Goats Fed Rice straw ( n=1 8 ) . . . . . . . . .  1 0 5  

2 2  Ammonia-N , Total Volat i le Fatty 
Acid ( VFA) and Phosphorus 
Concentration in the Rumen Fluid 
of Goats Fed Rice straw • . . . . . . . . . . . .  1 0 6  

2 3  Mean Dai ly pH , Ammonia-N and 
Volatile Fatty Acid ( VFA) 
Concentration in the Rumen F luid 
of Goats Fed Rice straw . . . . . . . . . . . . .  1 2 1  

2 4  Fract ional Rate Constant ( k1 , k2 ) ,  
Transit ( TT )  and Mean Retention 
Time ( MRT) of Part icle Markers 
in the Gastrointestinal Tract of 
Goats Fed Rice straw . . . . . . . . . . . . . . .  1 2 2  

2 5  Calcium and Phosphorus Concentration 
in Untreated and Urea-treated Rice 
straw (mgjg OM) . . . . • . . . . . . . . . . . . . . . .  1 3 5  

2 6  The Rates o f  Calcium I ntake , 
Excretion and Retention in Goats 
Fed Rice straw . . . . . . . . • . . . . . . . . • . . . •  1 3 6  

2 7  The Rates o f  Phosphorus Intake , 
Excretion and Retention in Goats 
Fed Rice straw . . . . . . . . . . . . . . . . . . . . . .  1 3 9  

2 8  Endogenous Excretion (mgjkg W j d )  
and True Absorption (%) of Dietary 
Phosphorus in Goats Fed Rice straw 

xii  

1 4 1  



2 9  Al location o f  Goats ( 1-4 ) to 
D ietary Treatments (A-D) in a 

Page 

4x4 Latin Square Des ign • . . . . . . . . . . . .  1 5 3  

3 0  Chemical Composition of Urea­
treated Rice Straw , Molasses 
and Soya Bean Mea l ( g j kg DM) . . . . . . . .  1 6 0  

3 1  Liveweight , Average Da i ly Ga in 
( ADG) , Intake and D igestibi l ity 
of Urea-treated Rice Straw by Goats 1 6 1  

3 2  Intake , Excretion and Retention 
of Nitrogen by Goats Fed Urea-
treated Rice Straw ( g j d )  . . . • . . . . . . . .  1 6 2  

3 3  I ntake , Excretion and Retention 
( mg j d )  and Plasma Concentration 
(mg j l )  of Ca lcium and Phosphorus in 
Goats Fed Urea-treated Rice Straw . . .  1 6 3  

3 4  Rates Excretion and Absorption 
of Calcium in Goats Fed Urea­
treated Rice Straw (mgjkg W j d )  

x i i i  

1 6 6  



F igure 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

LI ST OF FIGURES 

Degradation Curve of Straw and 
Stem of Rice Straw from variety 
MR8 4 Incubated ins ide the Rumen 
of Fistulated Goats . . . . . . . . . . . . . . . . .  . 

Ammonia and Tota l N Concentration 
in Rice Straw Treated with Urea and 
Ammonium Hydroxide and Stored for 
1 0 , 20 and 3 0  days . . . . . . . . • . . • . . . . . . .  

The Length of Time ( h )  Untreated 
and Chemica l ly Treated Rice Straw 
Rema ined in the Feed Basin . . . . . . . . . .  . 

Faecal Excretion of Chromium After 
S ingle Dose of Chromium Mordanted 
Faeces into the Rumen of Goats 

Page 

6 4  

8 3  

8 4  

Fed Rice Straw . . . . . . . . . . . . . . . . . . . . . . .  1 1 5  

Chromatogram o f  Volat i le Fatty 
Ac ids in the Standard and Rumen 
Fluid of Goats Fed Rice Straw . . . . . . .  . 

Changes in the pH of Rumen Fluid 
of Goats Fed Rice Straw . . . • . . . . . . . . . .  

Changes in the Concentration o f  
Ammonia-N in Rumen Fluid of Goats 

1 1 7  

1 1 8  

Fed Rice straw . . . . . . . . . . . . . . . . . . . . . . .  1 1 9  

Changes i n  the Concentrat ion o f  
Volat i le Fatty Acid i n  the Rumen 
f luid of Goats Fed Rice Straw . . . . . . .  . 

A S imp l if ied Scheme of P Metabol i sm . .  

Relationship Between Faecal 
Excretion and Intake of Ca . . . . . . . . . .  . 

xiv 

1 2 0  

1 3 2  

1 3 7  



1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

17 

1 8  

��ecif ic Radioactivity Curves o f  
P After a Single Inj ect ion into 

the Jugular Vein of Goats Fed Rice 

Page 

straw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 0 

Relationship Between Endogenous 
Faeca l Excretion and I ntake of P 

Relationship Between Endogenous 
Faeca l Excret ion of P and Dry 

1 4 2  

Matter Intake . . . . . . . . . . . . . . . . . . . . . . . . 1 4 3 

Relationship Between Absorption 
and Retention of P . . . . . . . . . . . . . . . . . .  . 

A s implified Scheme of Ca Metabol ism 

��eci f ic Radioactivity Curves of 
Ca After single Inj ection into 

the Jugular Vein of Goats Fed 
Urea-treated Rice Straw . . . . . . . . . . . . .  . 

Relationship Between Faeca l 
Excretion and Intake of Ca in Goats 
Fed Urea-treated Rice straw . . . . . . . . .  . 

Relationship Between Absorption 
and I ntake of Ca in Goats Fed 
Urea-treated Rice Straw • . • • • . . . . . . . . .  

xv 

1 4 5  

1 5 5  

1 5 6  

1 6 5  

167 



LIST OF PLATES 

P late Page 

1 Materials for the Nylon Bag Technique 5 8  

2 Rice Straw Samples Which Were 
Pretreated with Chemical s  . . . . . . . . . . . . • . .  7 8  

3 Individua l Metabol ism Cage for Goat 9 2  

4 Ma le Goat Fitted with Faecal Bag , 
Harness and Urine Funnel . . . . . . . . . . . . . . .  . 9 3  

xvi 



A . F . R . C .  

A . O . A . C .  

A . R . C .  

AOF 

AN OVA 

ATP 

Ca 

Ca ( OH ) 2 

CP 

CPM 

Cr 

Cu 

OM 

OMO 

OMI 

OOMI 

F . A . O .  

GIT 

GLC 

HCl 

HN03 

IVOMD 

IVOMD 

LU 

ME 

ABBREVIATION LIST 

= Agricultural and Food Research Counci l  

= Association of Official Analytical Chemist 

= Agricultural Research Counci l  

= acid detergent fibre 

= ana lys is of variance 

= adenosine triphosphate 

= calcium 

= calcium hydroxide 

= crude protein 

= count per minute 

= chromium 

= copper 

dry matter 

= dry matter digestibi l ity 

= dry matter intake 

= digestible organic matter intake 

= Food and Agriculture Organisation 

= gastrointestina l tract 

= gas liquid chromatograph 

= hydrochloric acid 

= nitric acid 

= in vitro dry matter digestibil ity 

= in vitro organic matter digestibil ity 

= l ivestock unites ) 

= metabol isable energy 

xvii 



Mg 

MJ 

MRT 

MSAP 

N 

n 

Na 

NaOH 

NDF 

OMI 

P 

S 

SAS 

SE 

SG 

TCA 

TT 

USS 

UTS 

VF 

VFA 

= magnes ium 

= megaj oules 

= mean retention time 

= Malaysian Soceity of Animal Production 

= nitrogen 

= number of observation 

= sodium 

= sodium hydroxide 

= neutral detergent fibre 

= ammonia 

= ammonium hydroxide 

= organic matter 

= organic matter intake 

= phosphorus 

= sulphur 

= statistical Analys is System 

= standard error 

= specific gravity 

= trichloroacetic acid 

= transit time 

= urea supplemented straw 

= urea treated straw 

= rate of absorption ( of P or Ca ) 

= rate of endogenous faecal excretion ( of P or 
Ca ) 

= rate of faeca l excretion ( of P or Ca ) 

= volatile fatty acid 

xvi ii 



VI = rate of intake ( of P or Ca ) 

Vm = rate of excretion via the mi lk ( of P or Ca ) 

Vo+ = rate of deposition into stable pool ( of P or 
Ca ) 

Vo- = rate of remova l from stable pool ( of P or 
Ca ) 

Vu = rate of urinary excretion ( of P or Ca ) 

W = l iveweight 

xix 



Abstract o f  thes is submitted to the Senate o f  Universiti 
Pertanian Malaysia in fulf i lment of the requirements for 

the degree of Doctor of Phi losophy . 

NUTRITIONAL EVALUATION OF UNTREATED AND UREA-TREATED RICE 
STRAW FOR IMPROVED UTILI ZATI ON BY GOATS 

by 

ANDREW ALEK TUEN 

June 1992 

supervisor : Professor Dr . Mohd . Mahyuddin Dahan 
Faculty : Veterinary Medicine and Animal Science 

Rice straw is seldom used as goat f eed despite 

reports o f  h igher intake and digestibi l i ty o f  poor 

qual ity roughage by this species . Studies were conducted 

to evaluate loca l rice straw , def ine its l imitation and 

investigate means to improve its ut il izat ion by goats . 

Compositional and degradabi l ity studies showed that 

untreated rice straw is def icient in N and severa l 

mineral s  and is poorly degraded . Ca lcium hydroxide and 

sodium hydroxide treatment increased degradabi l ity but 

the treated mater ial was less acceptable to goats 

compared to rice straw treated with urea or ammonium 

hydroxide which has relative ly lower degradabi l ity . 

Treatment with nitric acid removed a l l  the hemice l lu lose 

and was total ly unacceptable to goats . 

The ad libitum intake and in vivo digestibi l ity o f  

urea-treated straw was higher than that of urea 

�U��lemented straw and untreated straw .  studies with 

y.y. 



f istulated goats indicated a sustained h igh leve l of 

ammonia and volatile fatty acids in the rumen f luid of 

goats fed with urea-treated rice straw . There was no 

s igni f icant difference in their rates of passage . I t  was 

concluded that the higher intake of urea-treated straw 

was due to improved rumen function and not due to h igher 

rates of passage . 

Radioisotope di lution studies showed that endogenous 

P secretion into the digestive tract of goats fed urea­

treated r ice straw was high . As a result goats fed urea­

treated straw require more P ( 7 6  mglkg Wi d )  than goats 

fed untreated or urea supplemented straw (28 and 3 0  mglkg 

Wid , respect ive ly ) . Clearly when an improved diet such as 

urea-treated straw is fed to animals their requirement 

for mineral is cons iderably increased . 

M ineral supplementation of goats fed urea-treated 

r ice straw increased feed intake , growth rate and Ca and 

P retention . Further supplementation with urea gave no 

additiona l response but growth rate was increased with 

soya bean mea l supplement . This shows that the supply of 

rumen ammonia to microbes has been met in goats fed urea­

treated r ice straw . Calcium retention was not improved 

with either urea or soya bean meal supplement . Phosphorus 

retention was increased with soya bean meal suppl ement 

due to the high concentration of phosphorus in this feed . 
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I t  was concluded from these studies that a l  though 

urea treatment increased the n itrogen content , organic 

matter intake and digestibi l ity of r ice straw by goats , 

further improvement in anima l growth can be obta ined by 

provid ing adequate minerals and protein . 
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Abstrak tesis yang dikemukakan kepada Senat Universiti 
Pertanian Malays ia sebagai memenuhi keperluan untuk 

izazah Doktor Falsafah . 

PENlLAIAN JERAMI PADI YANG TIDAK DlRAWAT DAN YANG DlRAWAT 
DENGAN UREA UNTUK PENGUNAAN YANG LEBIH CEKAP OLEH KAMBING 

oleh 

ANDREW ALEK TUEN 

october 1 9 9 1  

Penyel ia: Professor Dr . Mohd . Mahyuddin Dahan 
Fakulti: Kedoktoran veterinar dan sains Peternakan 

Jerami padi j arang digunakan sebaga i makanan kambing 

walaupun ada laporan yang mengatakan kambing boleh 

memakan dan mencernakan bahan bergentian bermutu rendah 

dengan lebih sempurna . Kaj ian telah dibuat untuk 

menentukan had pemakanan j erami padi tempatan dan 

menyel idik kaedah untuk memperba iki kegunaan j erami o leh 

kambing . 

Kaj ian komposisi dan kebolehurai ( degradabil ity ) 

menunj ukkan bahawa j erami padi yang tidak d irawat 

kekurangan nitrogen dan zat gal ian serta sukar d iura i . 

Prarawatan dengan ka lsium dan natrium h idroks ida 

meningkatkan kebolehurai j erami padi , tetapi j erami yang 

dirawat itu kurang digemari oleh kambing berbanding 

dengan j erami yang dirawat dengan urea atau ammon ium 

h idroks ida wa laupun nilai kebolehurai nya agak rendah . 

Prarawatan dengan asid nitrik telah menghi langkan kesemua 

hemiselulos dari j erami dan j erami yang dirawat itu t idak 

d igemari o leh kambing . 
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Pengambi lan makanan ad l ibitum dan pencernaan in vivo 

j erami yang dirawat dengan urea adalah lebih tinggi 

berbanding dengan j erami yang ditambah dengan urea atau 

j erami yang tidak dirawat . Kaj ian dengan kambing 

berfistula rumen menunj ukkan paras ammonia dan asid lemak 

meruap yang berkeka lan tinggi dalam ceca ir rumen kambing 

yang memakan j erami rawatan urea . Perbez aan kadar 

pemindahan makanan pepe j a l  antara kumpulan perlakuan 

tidak nyata . Dengan ini boleh dis impulkan bahawa 

peningkatan pengambi lan makanan oleh kambing yang diberi 

j eram i  rawatan urea ada lah kerana fungsi rumen yang lebih 

baik dan bukan kerana kadar pemindahan makanan yang lebih 

cepat . 

pencairan 

ke sa luran 

Kaj ian 

fosforus 

j erami rawatan urea 

radioakti f  menunj ukkan rembesan 

pencernaan kambing yang memakan 

ada lah lebih tinggi . Akibatnya 

kambing yang memakan j erami rawatan urea memerlukan lebih 

banyak P ( 7 6  mg/h/kg )  berbanding dengan kambing yang 

memakan j erami yang tidak dirawat dan j erami yang 

d itambah dengan urea ( 2 8  dan 3 4  mg/h/kg mas ing-masing ) . 

Ada lah j e las bila makanan yang telah ditingkatkan 

mutunya , seperti j erami yang dirawat dengan urea , d iberi 

kepada ternakan, keperluan zat gal iannya akan bertambah . 

Suplementasi zat gal ian kepada kambing yang memakan 

j erami yang d irawat dengan urea meningkatkan pengambi lan 

makanan , kadar tumbesaran dan penyimpanan Ca dan P .  

Sup l ementasi lanj utan dengan urea tidak membawa apa-apa 
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