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Abstract of the thesis presented to the Senate ofUniversiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy 

URINARY PURINE DERIVATIVES EXCRETION AS A METHOD FOR 
ESTIMATION OF RUMEN MICROBIAL PROTEIN PRODUCTION IN 

SWAMP BUFFALOES AND ZEBU CATTLE 

By 

OPART PIMPA 

January 2002 

Chairman: Associate Professor Liang Juan Boo, Ph.D. 

Faculty: Agriculture 

Prediction equations based on urinary purine derivatives (PD) excretion rate as an 

index to predict rumen microbial protein production have been developed for 

European cattle and sheep. However, there is evidence to suggest that those equations 

may not be applicable directly to tropical swamp buffaloes (Bubalus bubalis) and zebu 

cattle (Bos indicus). To establish similar equations for the above two species of 

ruminant, five studies were conducted. In the first study, endogenous PD excretion 

rate determined by fasting procedure for swamp buffaloes and the Malaysian 

indegenous KK. cattle (zebu cattle) were 199 and 300 Ilmol/kgO.75 /day, respectively. 

Urinary PD excretion rate per kg digestible organic matter intake (DOMI) for 

buffaloes (8.19 mmollkg DOMI) was significantly lower than that for KK. cattle 

(15.45 mmollkg DOMI). The second study examined the relationship between daily 

urinary PD excretion (Y, mmol) and exogenous purine bases (PB) supply via duodenal 

infusion (X, mmol/day). The relationship obtained were Y = O. I 2X+ 12.78 (r2= 0.45) 

for buffaloes and Y = 0.85X + 7.15 (r2= 0.62) for KK. cattle, suggesting that 12% and 

85% of the supplied exogenous purine were excreted in the urine of buffaloes and 
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zebu cattle, respectively. In the third study, labelled [8_14C] uric acid marker was used 

to test the hypothesis that the lower recovery rate of urinary PD in swamp buffaloes 

was due to their higher recycling of plasma PD as compared to KK cattle. The 

averaged non-renal PD loss of plasma PD for swamp buffaloes and KK cattle did not 

differ significantly. The result thus rejected the above hypothesis. A follow-up study 

was conducted to examine whether the lower urinary PD excretion rate for buffaloes 

could be due to lower absorption in the small intestine as compared to cattle. The 

results indicated that purine absorption rate for buffaloes as percent of disappearance 

of the first segment of small intestine was not significantly different from that of zebu 

cattle. However a significantly larger quantity of digesta and PB was noted in the last 

3 segments of the small intestine of buffaloes than of cattle. The above results 

suggested that the lower urinary PD excretion rate in the buffaloes could be partially 

due to their lower absorption rate in the small intestine as compared to cattle. Based on 

the endogenous and PD excretion rate obtained in this thesis, the relationships 

between daily urinary PD excretion (Y, mmol) and daily microbial purine supply (X, 

mmol) were Y = 0.12X + 0.20 kgo.75 for buffaloes and Y = 0.85X + 0.30 kgo.75 for 

zebu cattle. The equation for zebu cattle is similar to those published for European 

cattle. Due to the extremely low recovery rate ( 1 2%), the proposed equation for 

buffaloes should be used with great caution. Based on the above equations, microbial 

N yield for buffaloes and zebu cattle can be calculated from the following equation; 

Microbial N (gN/day) = X (mmol/day) x 70 

0.073 x 0.83 x 1000 
1.1 6 X 

In the above equation, digestibility of microbial purine was assumed to be 0.83 and N 

content of purine was 70 mg N/mmoI. The ratio of purine N: total N in mixed rumen 

microbes was taken as 7.3: 100 for buffaloes and zebu cattle. 

IV 



Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk Ijazah Doktor Falsafah 

TERBITAN PURINA URINA SEBAGAI SATU KAEDAH UNTUK 
MENGANGGARKAN PENGHASILAN PROTEIN MIKROB RUMEN KERBAU 

DAN LEMBU ZEBU 

Oleh 

OPART PIMPA 

Januari 2002 

Pengerusi: Prof. Madya Dr. Liang Juan Boo 

FakuIti : Pertanian 

Kadar pengeluaran terbitan purina dalam urina (PD) telah digunakan sebagai indeks bagi 

menganggar penghasilan protein mikrob rumen temakan ruminan. Persamaan dihasilkan 

untuk lembu dan bebiri Europah tetapi ia tidak boleh digunakan secara lang sung pada 

kerbau (Bubalus bubalis) dan lembu (Bos indicus) tropikal. Oleh itu, lima eksperimen 

telah dijalankan bagi mendapatkan persamaan untuk kerbau dan lembu. Dalam 

eksperimen pertama, kadar pengeluaran PD endogenus untuk kerb au dan lembu KK yang 

ditentukan dengan prosedur berpuasa adalah 1 99 Jlmol/kg 0.75/hari, dan 300 Jlmol/kg 

0.75/hari, masing-masing. Kadar pengeluaran PD urin per kg bahan organik hadaman 

(DOMI) kerbau (8.1 9 mmollkg DOMI) didapati lebih rendah (P<0.05) dari lembu KK 

( 15.45 mmollkg DOMI). Eksperimen yang kedua mengkaji pertalian di antara 

pengeluaran PD urin harian (Y, mmol) dan bes purina eksogenus (PB) yang di suntik 

melalui infusi duodenal (X, mmol/hari). Pertalian yang didapati bagi kerbau adalah Y = 

0. 1 2X + 1 2.78 (l = 0.45) manakala bagi lembu KK adalah Y = 0.85X + 7. 1 5  (r2 = 0.62), 

mencadangkan bahawa 12% purina eksogenus yang dibekalkan dikeluarkan oleh kerbau, 
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sementara lembu mengeluarkan 85%. Dalam kajian ketiga, asid urik berlabel (8_14C) 

digunakan bagi menguji hipotesis yang menyatakan bahawa kadar pemulihan bagi PD 

urina kerbau disebabkan kitaransemula plasma PO yang lebih tinggi berbanding lembu 

KK. Purata nilai kehilangan bukan-renal untuk kerbau dan lembu tidak berbeza. Oleh itu, 

keputusan ini menolak hipotesis tersebut. Kajian seterusnya dijalankan untuk meneliti 

sarnada kadar pengeluaran PD yang rendah pada kerbau disebabkan oleh penyerapan 

purina yang rendah di usus kecil kerbau. H asil kajian menunjukkan bahawa kadar 

penyerapan purina kerbau tidak berbeza dengan lembu. Walaupun begitu, kuantiti PD 

dalarn digesta kerbau didapati lebih tinggi berbanding lembu pada tiga bahagian akhir 

usus kecil. Keputusan ini mencadangkan bahawa perbezaan di antara kedua spesis 

ruminan ini mungkin disebabkan oleh kadar penyerapan purina yang rendah di usus kecil 

kerbau. Berdasarkan keputusan terse but, pertalian di antara pengeluaran harian PD dalarn 

urin (Y, mmol) dan bekalan harian purina mikrobial (X, mmol) bagi kerbau adalah Y = 

0. 1 2X + 0.20 kg 0.75 dan bagi lembu adalah, Y = 0.85X + 0.30 kgO.75• Berdasarkan kedua 

persarnaan di atas, penghasilan N mikrob boleh dianggarkan dengan persarnaan di bawah: 

Mikrobial N (gN/hari) = X (mmoJlhari) x 70 = 1 . 16  X bagi kerbau dan lembu 

0.073 x 0.83 x 1000 

Persarnaan ini menganggap penghadarnan purina mikrobial adalah 0.83 dan kandungan N 

purina adalah 70 mg N/mmol. Nisbah kadar N purina : N keseluruhan dalarn carnpuran 

mikrob rumen diambil sebagai 7.3 : 1 00 bagi kerbau dan lembu. Persarnaan bagi 

pembekalan purin mikrobial dengan menggunakan pengeluaran PD dalarn urin untuk 

lembu KK adalah sarna dengan persarnaan untuk lembu Europah, Oleh kerana kadar 

kedapatan semula untuk kerbau ( 1 2%) sangat rendah maka, persarnaan ini pedu 

digunakan secara berhati-hati. 

VI 



ACKOWLEDGEMENTS 

I would like to express my deepest appreciation and sincere gratitude to my supervisor, 

Associate Professor Dr. Liang Juan Boo for his invaluable guidance, constructive 

criticisms, and constant encouragement throughout the course of my study. My 

appreciation and gratitude also go to Associate Professor Dr. Zainal Aznam Bin Mohd. 

lelan and Associate Professor Dr. Norhani B1. Abdullah, members of my Supervisory 

Committee for their invaluable guidance and suggestions. 

I wish to express my deepest appreciation to Professor Dr. Metha Wanapat for 

encouraging me to pursue this study. I would like to thank my fellow students, 

particularly Mr. Thongsuk Jetana, Mr. Bodee Khamseekhiew and Miss Latiffah Zakaria 

for their help in accomplishing this thesis. I would like to thank Dr. M. Y. Loqman, Dr. 

G.K. Mohd Azam Khan and many of the veterinary students for their help in preparing 

the rumen-duodenal fistulated animals for my studies. Thanks are also due to the 

technicians of the Department of Animal Science. I also like to thank Dr. Nashriyah of 

the Malaysian Institute for Nuclear and Technology (MINT) for her assistance in the 

tracer analysis, and Dr. lothi Malar Panamdam and Mr. Ahmad Shokri b. Othman for 

their assistance in statistical analysis. 

I specially thank the Director, Livestock Research Center of MARDI and the Head of 

Department of Animal Science, UPM for providing the research facilities. I am grateful 

to the Ministry of Science, Technology and Environment, Malaysia and the Joint 

F AOIIAEA Division of Nuclear Techniques in Food and Agriculture, International 

VB 



Atomic Energy Agency, Vienna, for jointly financing my study. Appreciation goes to 

Naresuan University, Ministry of University Affairs, Kingdom of Thailand for granting 

me the study leave. 

My special thanks to my beloved wife Benchamapom Pimpa for her inspiration, moral 

encouragement and sacrifices during the course of this study. Finally, I am grateful to 

the cattle and buffaloes used in this study. 

VllI 



I certify that an Examination Committee met on 15th January 2002 to conduct the 
final examination of Opart Pimpa on his Doctor of Philosophy thesis entitled 
"Urinary Purine Derivatives Excretion as a Method for Estimation of Rumen 
Microbial Protein Production in Swamp Buffaloes and Zebu Cattle" in accordance 
with Universiti Pertanian Malaysia (Higher Degree) Act 1 980 and Universiti 
Pertanian Malaysia (Higher Degree) Regulations 1 981. The Committee recommends 
that the candidate be awarded the relevant degree. Members of Examination 
Committee are as follows: 

HO YIN WAN, Ph.D. 
Professor 
Faculty of Science and Environmental Studies 
Universiti Putra Malaysia 
(Chairperson) 

LIANG JUAN BOO, Ph.D. 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Member) 

ZAINAL AZNAM BIN MOHD. JELAN, Ph.D. 
Associate Professor 
Faculty of Agriculture 
Universiti Putra Malaysia 
(Member) 

NORHANI ABDULLAH, Ph.D. 
Associate Professor 
Faculty of Science and Environmental Studies 
Universiti Putra Malaysia 
(Member) 

JOAQUIM BALCELLS, Ph.D. 
Faculty de Veterinaria 
Universidad de Zaragoza 
Spain 
(Independent Examiner) 

IX 

AINI IDERIS, Ph.D. 
Professor, 
Dean of Graduate School, 
Universiti Putra Malaysia 



The thesis submitted to the Senate of Universiti Putra Malaysia has been accepted as 
fulfilment of the requirement for the degree of Doctor of Philosophy. 

x 

AINI IDERIS, Ph.D. 
ProfessorlDean of Graduate School 
Universiti Putra Malaysia 

Date: 



DEC LARA TION 

I hereby declare that the thesis is based on my original work except for quotations and 

citations which have been duly acknowledged. I also declare that it has not been 
previously or concurrently submitted for any other degree at UPM or other 
institutions. 

Xl 

�� �--� 
OPART PIMPA 

Date: 14 February 2002 



TABLE OF CONTENTS 

Page 

ABSTRACT ... . ..... ... . . ... . ......... .... . .... . .. . . . ... .... . . .... . . . ... . . ... . . ... . . .... . . . " lli 
ABSTRAK...... . ..... .... ..... . .............. ... ... .. .......... .. . . .. . .. . . . . .... . ... .. . ...... v 
ACKNOWLEDGEMENTS.... . ....... ... . .. ... ..... .. . .. . . . . ... . . .. . . . .. . .. . ...... ... .... Vll 

APPROV AL SHEETS.. . .. .............. ..... ... ......... . . ....... . . .... ... ........ . . . . . ... IX 
DECLARATION FORM.. . ..... ..... .... . ... . ......... . . . ... . ... . . .. . . . . . .... . ..... . ... ... Xi 
LIST OF TABLES......... . . ....... ......... . ........ ...... . . .. . . ... ...... . ................. XVIll 
LIST OF FIGURES...... ........... ....... . .............. ...... .. . . .. . . . .......... . . ... . ... XXi 
LIST OF ABBREVIATIONS .................................................... ,. .... .... XXlll 

CHAPTER 

1 INTRODUCTION............................................. ....... . ....  ... ... 1 

2 LITERATURE REVIEW .................................................... ,. 4 

2 . 1  Buffaloes and Cattle Production in  Malaysia ................... ,. .... 4 

2.2 Comparative Efficiency of Feed Utilization by Buffaloes and 
Cattle... ... ..  ......... .... . . ...... .. ...... .... .. . .. . ........ ........ . . ...... 5 

2.3 Feed Resources ........ .......... . . . .... . .. . ... . ... . . .... . ... . . ... . ... . .. , 7 
2.4 Quantification of Rumina I Microbial Protein Synthesis... .. . . ..... 8 

2.4. l Internal Microbial Markers. . . ... .... . ... . . .. . . .. . . . ... .  ..... 8 
2.4.2 External Microbial Markers. . ........... ..... ........ ... ..... 1 0  

2.5 Estimation of Digesta Flow. . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 1  
2.6 Nucleic Acid (NA) Digestion in the Rumen... ... . . .. ............... 1 2  
2.7 The Ratio of Rumen Microbial Nitrogen and Purine Nitrogen... 13 

2.8 Digestion and Absorption of Microbial Nucleic Acids in the 
Small Intestine...  . . .  ...... . ... . ... .. ...... . .... ... . . . . . . . . .  . . . . . . .. . . ... 1 5  
2.8 . 1  The Nucleic Acid Metabolite Products in the 

Blood and Urine . .. . . . . . .. ...... ....... .... .... .... . ... . . .. '" 1 7  
2.9 Use of 14C Isotopes for the utilization of Microbial Nucleic Acid 1 8  

2.9.1 Use Isotopes e4C and 15N) to Study Recovery Rate of 
Purine Derivatives and Glomerular 
Filtration Rate (GFR)... .. . ... . . . ........... . . ................ 1 9  

2.1 0  Purine Anabolism.....  . .. . .. . .... ... .... . . . .  ........ ..... . .  ....... . . .. . . .. 20 
2. 10.1 Purine Synthesis de novo.................................... 20 
2. 1 0.2 Purine Salvage... ... . . . . . .... . . .. . . . . . . .. . .. ... ..... . . . .... .. . 2 1  

2.1 1 The Xanthine Oxidase Activity in Ruminants . .. . . ... . .. . ... .. .. , ... , 22 
2. 1 2  The Use of Purine Derivatives in Measuring 

Microbial Protein Synthesis. . . . .. . .. . . .. .. . . .. . . ... . ... . . . . . .. . .. . ... ... 23 
2. l 3  Purine Derivatives of Endogenous Origin... .. . .... . . . .. ............. 26 
2. 14  Difference between the Endogenous and Exogenous PD. . . . . . . . .. 29 

Xll 



2. 1 5  Urinary PD Components in Buffaloes and Cattle.................... 3 1  
2. 1 6  The Relationship of Urinary Purine Derivatives and 

Feed Intake........................ .................. ...... ....... ......... 33 
2 . 1 7  Recovery Rate of Exogenous Nucleic Acid (NA) 

Supply to Urinary Purine Derivatives.......... ....................... 36 
2. 1 8  Prediction of Rumen Microbial Outflow Based on 

Urinary PD Excretions....... .......................................... 39 
2 . 19  Plasma PO in Relation to Urinary PO................................. 4 1  
2.20 Creatinine Excretion in Ruminants. ..... . ... . ... . . . . .. .  .... . . .. . .. . . . . .  43 
2.2 1 Glomerular Filtration Rate (GFR)........................ .. . .. . .... . . . . 46 
2.22 Use of the Purine Derivatives: Creatinine (PD: C) 

in Spot Urine Samples for Estimating of 
Rumen Microbial yield........................ ........... .............. 50 

2.23 The Saliva and Milk Purine Derivatives ........................... '" 5 1  

3 ESTIMATION OF BASAL PURINE EXCRETION AND 
RESPONSE OF PURINE EXCRETION TO FEED INTAKE ... .. . . . 54 
3.1 Introduction... ... ..... . ... . . . .... . .  . .. . . . . . .  . . . ... . .. . . . ... . . .  .... . .  . .. . . . 54 
3 .2 Experiment 1: Urinary Excretion of Endogenous 

Purine Derivatives (PD)............................... ...... ...... ...... 55  
3 .2. 1 Materials and Methods........................... ..... . . .  ..... . 55 

3.2.1 . 1  Animals and Their Management........ . ........ 55 
3 .2. 1 .2 Sample Collection............ . . . . . . . .. . . . . . . . . . . .. 56 
3 .2. 1 .3 Chemical Analysis................................... 57 

3 .2. 1 .3 . 1  Urine and Blood plasma Preparation 
for PD Analysis ............. ... . .... ... 57  

3 .2 . 1 .3.2 HPLC Instrumentation and 
Chromatographic Conditions...... . .. 57 

3.2. 1 .4 Calculation of Glomerular Filtration Rate 
(GFR)...... . ..... ......... ..... ........................ 60 

3 .2. 1 .5 Statistical Analysis................................... 60 
3 .2.2 Results.. ............ ........................................ . .  . ... 60 

3 .2.2. 1 Animal Condition.................................... 60 
3 .2.2.2 Endogenous Purine Derivatives (PD) Excretion. 6 1  
3 .2 .2.3 Glomerular Filtration Rate (GFR) ......... . . ...... 63 

3.2.3 Discussion..... . ... . ..... .......... .. .. . . .. . .............. .. . ..... 63 
3.2.3 . 1  Endogenous Purine Derivatives (PD) ........... . 63 
3 .2.3 .2 Creatinine and Glomerular 

Filtration Rate (GFR)............ ............ .... .... 66 
3 .3 Experiment 2: Urinary Excretion of Purine Derivatives in 

Response to Different Levels of Feed Intake........... . ..... . . .. . .. 67 
3 .3 . 1 Materials and Methods.. ..... .......................... . .. . . . . . 67 

3.3 . 1 . 1  Animals and Feeding .............................. , .  67 
3 .3 . 1.2 Sample Collection and Preparation........... . .... 68 
3 .3 . 1 .3 Chemical Analysis.... ............................... 7 1  

Xlll 



3 .3 . 1 .4 Calculation of Glomerular Filtration Rate 
(GFR), Tubular Load (TL) and 
Reabsorption (RB).. ....... . .. ..... .. . . .. . . . . . . . . . . . . . 72 

3 .3 . 1 .5 Statistical Analysis............. .. . .. . . . . . .... . . . ..... 74 
3.3 .2 Results... . . . . .. . ... . . . .. . . . .......... . .. . . . . . .. . . . . . ........ . .. . .. 74 

3 .3 .2. 1 Digestibility. . . ... . . . . ..... ..... . .. . ..... . . . . . . . . . . . . . .  74 
3 .3 .2.2 Urinary PD Excretion Rate.. . ... ....... . . . . . . .. . ... 75 
3 .3 .2.3 The Creatinine Excretion.. .. . . .. . .. ... ............. 75 
3 .3 .2 .4 Urinary Nitrogen Excretion......... .. . . . ...... .. ... 77 
3 .3 .2.5 The Relationships between Urinary PD 

Excretion Rates and DOMI........ ... .. .. . . ... . . .. 77 
3 .3 .2.6 Plasma Purine Derivatives...... ..... ...... . . . ... .. 79 
3 .3 .2.7 The Glomerular Filtration Rate (GFR), 

Tubular Load (TL) and Reabsorption (RB)..... 79 
3.3 .3 Discussion.. . .. . . . . . ... .... .. ... . . . . . ....... . . . ........ ... . ....... 82 

3 .3 .3 . 1  Dry Matter Intake (DMI) and Digestibility. ..... 82 
3 .3 .3 .2 The Response of Purine Derivatives Excretion 

to Feed Intake.. . . . . . .... . ..... ... . . .. . .. ...... . . ...  ... 82 
3.3 .3 .3 Creatinine Excretion... ...... ... .. . . ..... . .  ... ... .... 83 
3 .3 .3 .4 Urinary Nitrogen Excretion.................... ..... 83 
3.3 .3 .5 Glomerular Filtration Rate (GFR). ........... . . . . . 84 

3 .3.4 Conclusion 84 

4 RECOVERY RATE OF PURINE DERIVATIVES IN URINE OF 
KEDAH- KELANTAN CATTLE AND SWAMP BUFFALOES 
AFTER DUODENALLY INFUSED WITH INCREMENTAL 
AMOUNT OF PURINE BASES......................................... .... 85 
4 . 1  Introduction......... ......... ...... . .. ................. ................... 85 
4.2 Experiment 1: Urinary Excretion Rate of Duodenal Purine 

Derivatives in Kedah- Kelantan Cattle.............. . . ... ... . . ... ..... 86 
4.2 . 1  Materials and Methods....................... . . . .... ........... 86 

4.2. 1 . 1  Animals and Their Management............... . . .  86 
4.2. 1 .2 Experimental Design.. . ............................. 88 
4.2. 1 .3 Measurement of Basal Purine in Duodenal 

Digesta.. . ... . ..... . . . . ........ . ...... . . ....... ........ 90 
4.2. 1 .4 Purine Bases (PB) Infusion... . . . ... ..... .. .... . .. . .  90 
4.2. 1 .5 Urine and Blood Sampling... . . . ... . .... ... . . . . . . .. 91  
4.2. 1 .6 Chemical Analysis........ . . . . ... .... ..... ... ... . .... 93 

4.2. 1 .6. 1 Purine derivatives Analysis...... ....... 93 
4.2. 1 .6.2 Co and Yb Marker Analysis. . . . . . . .. . .. 93 
4.2. 1 .6.3 Purine bases Analysis..... ........... . ... 94 

4.2. 1 .  7 Duodenal PB Flow Rate Calculation.... .. . .. .. ... 95 
4.2. 1 .8 Calculation of Glomerular Filtration Rate 

(GFR), Tubular Load (TL) and Reabsorption 
(RB)... ........ . . .. . . . . ......... ... . .. .... . ...... . .. .. .  97 

4.2. 1 .9 Data and Satatistical Analysis... .......... ...... . .  97 
4.2.2 Results.. ... . . .. .. . .. .. .. ... .. . ... . ..... ... . ..... . . . . .......... . ... 98 

XIV 



4.2.2. 1 Condition of Cattle.................................. 98 
4.2.2.2 Basal Purine in Duodenal Digesta................ 98 
4.2.2.3 Purine Derivatives Recovery.................... ... 10 1 

4.2.2.4 Purine Derivatives Excretion in Relation to 
Purine Supply ......................... ,. . .. .. . . . . . . ... 10 1 

4.2.2.5 The Concentration ofPD in Plasma............... 10 1 

4.2.2.6 Glomerular Filtration Rate (GFR), Tubular 
Load (TL) and Reabsorption (RB)............ .... 103 

4.2.3 Discussion....................................................... 103 
4.2.3. 1 Basal Purine in Duodenal Digesta................. 103 
4.2.3.2 Purine Derivatives Recovery.................. ...... 105 

4.2.3.3 The Relationship between 
Total PD Excretion and PB Absorption ......... 105 

4.2.3.4 The Concentration ofPD in Plasma.. ....... ...... 107 
4.2.3.5 Glomerular Filtration Rate (GFR), Tubular 

Load (TL) and Reabsorption (RB)............ .... 107 
4.3 Experiment 2: Urinary Purine Derivatives in Swamp Buffaloes 

after Purine Bases Infusion into the Duodenum ........ .. , . . .. .. . . . . . . .. 108 
4.3.l Materials and Methods...................................... .... 108 

4.3. 1.1 Purine Bases (PB) Infusion......................... 1 10 

4.3. 1.2 Urine and Blood Sampling.......................... 1 12 

4.3. 1.3 Analytical Methods......... .... ..................... 112 

4.3. 1.4 Calculation of Glomerular Filtration Rate 
(GFR), Tubular Load (TL) and Reabsorption 
(RB).................................................... 1 13 

4.3. 1.5 Satatistical Analysis................................. 113 
4.3.2 Results... ... .................. ......... ........................ .... 1 13 

4.3.2. 1 Condition of Buffaloes... .............. ....... ...... 1 13 

4.3.2.2 Purine Derivatives Recovery.................. ..... 1 14 
4.3.2.3 The Concentration of Plasma PD and 

Creatinine. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . 1 14 

4.3.2.4 Glomerular Filtration Rate (GFR), Tubular 
Load (TL) and Reabsorption (RB)................. 1 18 

4.3.3 Discussion.................... ...................... ...... ........ 1 18 
4.3.3. 1 The Urinary PO and Creatinine Excretion........ 1 18 
4.3.3.2 The Relationship between Total Urinary PO 

Excretion and PB Infusion. .. . .. ...... ...... . . . . . ... 12 1 
4.3.3.3 The Concentration of PO and Creatinine in 

Plasma................................................. 122 
4.3.3.4 Glomerular Filtration Rate (GFR), Tubular 

Load (TL) and Reabsorption (RB)......... ...... . 123 
4.3.4 Conclusions...... ........... . .................. ...... ......... ... 125 

5 RECOVERY RATE OF PLASMA PURINE DERIVATIVES IN 
THE URINE OF SWAMP BUFFALOES AND KEDAH-
KELANTAN CATTLE BY TRACER STUDIES........................ 126 

5. 1 Introduction ......... . . ....... ....................... . ... " .. .. ... .. . . . . .. 126 

xv 



6 

5.2 Experiment 1: Recovery of Plasma Purine Derivatives in the 
Urine of Swamp Buffaloes and Kedah-Kelantan Cattle at 
Two Levels of Feed Intake ...................................... , . . . .. . 
5.2.1 Materials and Methods ......................................... . 

5.2.1.1 Sample Collection and Preparation ............... . 

5.2.1.2 Analytical Methods ................................. . 
5.2.1.3 Data Analysis ........................................ . 

5.2.2 Results ........................................................... . 
5.2.2.1 Plasma Isotope Dilution ........................... . 

5.2.2.2 Recovery of Tracer in Urine ...................... . 
5.2.3 Discussion ...................................................... . 

5.2.3.1 Plasma 14C PD Degradation ...................... . 
5.2.3.2 The Recovery of Labeled 14C PD in Urine ..... . 

5.3 Experiment 2: Recovery of Plasma Purine Derivatives in Swamp 
Buffaloes with Duodenual Purine Bases Infusion ...................... . 

5.3.1 Materials and Methods ........................................ . 

5.3.1.1 Blood Plasma and Urine Sampling .............. . 
5.3.1.2 Analytical Methods ................................ . 

5.3.1.3 Data Analysis ....................................... . 
5.3.2 Results .......................................................... . 

5.3.2.1 Plasma Isotope Dilution ........................... . 
5.3.2.2 Isotope Dilution in Urine .......................... . 

5.3.3 Discussion ...................................................... . 
5.3.3.1 The Plasma Isotoee Dilution Curves ............ . 
5.3.3.2 Recovery rate of 4C PD in Urine ............... ,. 

5.3.4 Conclusion ... ' "  ........ . ... .. ... . .. .. .... . .... . .... . ...... ... . . 

ABSORPTION OF NUCLEIC ACID IN THE SMALL 
INTESTINES OF SWAMP BUFFALOES AND KEDAH-
KELANT AN (KK) CATTLE ................................................ . 

6.1 Introduction ......................... , . .... ... . ... . . ... . .. . .... . ... . .... . .  . 

6.2 Meterials and Methods ......... " ... . . .. . ... .... . ...... ..... ...... . . .  ' "  

6.2.1 Animals and Feeding .......................................... . 

6.2.2 Collection of Digesta .. ' "  .... ........... .... .... ...... ... .. ... . 
6.2.3 Analytical Methods ............................................ . 

6.2.3.1 Determination of OM and Cr20) Marker in 
Digesta ................................................ . 

6.2.3.2 RNA and DNA Analysis ........................... . 

6.2.3.3 Purine Bases Analysis .............................. . 
6.2.3.4 Data Analysis ........................................ . 

6.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .  . 

6.3.1 Concentration of RNA and DNA ............................. . 
6.3.2 Concentration of Purine Bases in Digesta ................... . 

6.4 Discussion ................................................................ . 
6.5 Conclusions .............................................................. . 

XVI 

127 
127 
128 
129 
12 9 
130 

130 
134 
138 
138 
138 

140 

140 
141 

141 

142 

142 
142 
142 
146 
146 
149 
150 

152 

152 
153 
153 

154 
154 

154 
156 
157 
157 
158 
158 
160 
168 
171 



7 PURINE NITROGEN: TOTAL NITROGEN CONTENTS OF 
MIXED RUMEN MICROBIAL POPULATION IN SWAMP 
BUFFALOES AND KEDAH-KELANTAN CATTLE............. ..... 172 
7. 1 Introduction.. ... . .. . . . . . . . . . .. . . . .... . . . . . . . .. .. . . .. .. . ...... ......... ... 172 

7.2 Materials and Methods ........ , ......... '" ................. , .... ...... 173 
7.2. 1 Animal and Their Management.. . .. . . ... . . ... . . . . ... . .. . . .. .  173 

7.2.2 Experimental Methods. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 173 

7.2.3 Sample Preparation.. .. . . ... ... ............. ... ..... ...... ... ... 174 

7.2.4 Samples Analysis... . . .. . . . . . .. . . .. ...... ........ . ... .. . . . ...... 176 

7.2.5 Data Analysis...... ... . . ... . .............. . .. . . ... . . ..... . ...... 176 

7.3 Results. ... . . . . . .. ... . . . . . . . . . . . . . . ... . . . ... . . . . . . . . . . . . ... . . . . . . . . . . . . .. .. .  176 

7.3. 1 Chemical Composition of Rumen Microbial Extracts. .... 176 

7.4 Discussion..... .... ...... . ............... . . ............. ....... . . . ... ...... 178 
7.5 Conclusion.... . ... . . .. . . . ... . . .. . . . ... . .. . . . .. . . . . .. . .. . . .. .. . ... . . ....... 180 

8 GENERAL DISCUSSION AND CONCLUSION......................... 182 

BIBLIOGRAPHy............................................................ ... 187 

VITA................................................................................ 2 04 

XVII 



Table 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

3.1 

3.2 

3.3 

3.4 

LIST OF TABLES 

Purine-N: total-N ratios (%) in the rumen fluid-associated 
bacteria (FB) and rumen fluid-associated microbes (FM), the 
particle-associated bacteria (P AB) and particle-associated 
microbes (PAM) in the rumen and digesta liquid-associated 
bacteria (LAB) of ruminants fed on various diets of various 
roughage: concentrate (Con) .................. ' "  .................... . 

Xanthine oxidase activities in plasma J.lmol/minIL (unit/L), 
fresh liver tissue (unit/g) and intestinal (unit/g wet mucosa cell) 

Endogenous purine derivatives in different species 

(j.lmollkg o.75/day) ...................................................... . 

The proportion (%) of purine derivatives in different species 
and experiments ............................................... , ........ . 

The relationship between urinary purine derivatives excretion 
(mmol/day) and digestible organic matter intake (kg, DOMI) in 
difference species and experiments .................................. . 

The recovery of urinary purine derivatives by duodenal 
infusion of purines ..................................................... . 

The prediction equation for rumen microbial outflow based on 
urinary purine derivatives excretion in different species ........ . 

The creatinine excretion (J.lmollkgo.75/day) in different species .. 

The glomerular filtration rate (GFR, L/day) in ruminants ....... . 

Daily urinary excretion of purine derivatives (PD), GFR and 
PD tubular load in swamp buffaloes and cattle during pre-
fasting period ........................................................... .. 

Daily urinary excretion of purine derivatives (PD), creatinine, 
GFR of PD in swamp buffaloes and cattle during fasting 
period .................................................................... . 

Chemical composition of the ingredients used in feeding trial ... 

Treatment levels for feeding trial (kg DM/day) ................... . 

xviii 

Page 

14 

2 4  

28 

32 

35 

38 

40 

45 

49 

64 

65 

69 

70 



3.5 Effect of feed intake levels on dry matter (DM) and organic 
matter (OM) digestibility (%), digestible DM intake (kg/day) 
and digestible OM intake (kg/day) in swamp buffaloes and KK 
cattle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  73 

3.6 Daily PD excreted, creatinine (mmollkgo.75) and urine nitrogen 
(mg!kgO.7S) of swamp buffaloes and KK cattle in different 
feeding levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  76 

3.7 Mean blood plasma PD and creatinine (mmollL) of 
swamp buffaloes and KK cattle with different feeding levels . . .  80 

3.8 Effect of feed intake on glomerular filtration rate (GFR, Llday) 
tubular load (TL, mmol/day) and net reabsorb (RB, mmollday) 
ofPD in swamp buffaloes and KK cattle . . . . . . . . . . . . . . . . . . . . . . . . .  8 1  

4. 1 Estimated daily flow rate of digesta, purine bases (PB) 
concentration in digesta and daily PB flow* . . . . . . . . . . . . . . . . . . . . . . .  9 9  

4.2 Daily excretion of urinary PD, creatinine, urine nitrogen and 
recovery rates as derivatives in urine in the different treatments 
in KK cattle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  102 

4.3 PD and creatinine concentrations in plasma, glomerular 
filtration rate (GFR), tubular load (TL) and net re-absorption 
(RB) of purine in KK cattle in different treatments . . . . . .. . . . . .  104 

4.4 Daily excretion of urinary PD and creatinine (mmol/day) in 
swamp buffaloes after duodenally infusion with five levels of 
purine bases (mmol/day) . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .  1 15 

4.5 Daily excretion of urinary PD and creatinine (mmol/kgO.75) 
in swamp buffaloes after duodenally infusion with five levels 
of purine bases (mmol/day) .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .  1 17 

4.6 Plasma PD (mmollL) in swamp buffaloes in different 
treatments of exogenous purine bases infusion (mmollday) . . .  1 19 

4.7 Glomerular filtration rate (GFR, Llday), tubular load (TL) and 
reabsorption (mmol/day) in swamp buffaloes after duodenally 
infusion with five levels of purine bases, PB 
(mmol/day) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  120 

5. 1 The plasma 14C tracer PD (allantoin plus uric acid) recovery in 
different time after tracer injection (/lCi and in % of total 
injection) in swamp buffaloes and KK cattle . . . . . . . . .. . . . . . . . . . . . . . .  133 

XIX 



5.2 Urinary tracer 14CJ (allantoin plus uric acid and other form ) 
recovery (o/o±SE) in swamp buffaloes and KK cattle . . . . . . . . . . .  , .  1 35 

5 .3  Total urinary 14C tracer recovery (%) in swamp buffaloes and 
KK cattle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . .  . . . . .  . . . . . .  . . . . . . 1 37 

5 .4 Plasma 14C tracer PD (allantoin plus uric acid ) concentration 
(dprnlmL) in swamp buffaloes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 43 

5.5 Total urinary 14C tracer PD (allantoin plus uric acid ) recovery 
(% ) in swamp buffaloes at different time after tracer14C uric 
acid injection. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 45 

5.6 The urinary 14C tracer recovery (%± SEM) in swamp 
buffaloes . .. . . . . . . . . . . . . . . . . .  , . . .  . . .  . . . . . .  . . . . . .  . . .  . . .  . . . . . . . . .  . . . . . .  . . . . .  1 48 

6. 1 RNA and DNA concentrations (mg/mg Cr203) and absorption 
(% of disappearance from the first segment) in digesta from 
swamp buffalo and KK cattle at different segments of the 
small intestines (values are measured of 3 animals with their 
respective standard errors) . . . . . . . . . . . . . . . . . . . . . . . . . ,. . . . . . . . . .  . . . .  . . . . .  1 59 

6.2 Concentrations (J..LmoVmg Cr203) of purine bases in digesta 
from different segments of swamp buffalo and KK cattle 
small intestines (values are measured of 3 animals with their 
respective standard errors). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 64 

6.3 Percentage absorption (% disappearance from the first 
segment) of purine bases in digesta from different intestine 
segments of swamp buffalo and KK cattle (values are 
measured of 3 animals with their respective standard' 
errors). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 65 

6.4 The apparent degradation rates of RNA, DNA and the 
absorption rate of PB (Y, % of the first segment) from 
difference intestinal segments(x, cm) of swamp buffalo and 
KK cattle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 66 

6.5 The quantity of fresh digesta (g) and PB (J..Lmol) in each 
segment of small intestine of swamp buffaloes and KK cattle . . . 1 69 

7. 1 Purine (J..lmollg DM) and N (mg/g DM) contents in mixed 
rumen microbial population of swamp buffaloes and KK cattle 1 77 

7.2 Purine content and N contents in rumen microbial population of 
swamp buffaloes and KK cattle . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  , 1 79 

xx 



LIST OF FIGURES 

Figure Page 

2.l Summarize ofthe purine metabolism in ruminants (Nolan, 1 999).... 25 

3.1 Chromatogram of standard PD sample obtained using H PLC, Peak 
1 = allantoin; 2=uric acid; 3=creatinine; 4= hypoxanthine; 5= 
xanthine; 6= oxypurinol (internal standard).. . .... . . .... . . . ........ . ... . .  59 

3.2 Chromatogram of PD from urine sample obtained using H PLC, 
Peak 1 = allantoin; 2= uric acid; 3= creatinine; 4= oxypurinol.. . . . .... 59 

3.3 Excretion of urinary purine derivatives in swamp buffaloes and KK 
cattle during last 5 days pre-fasting, and 6 days of a fasting 
period . ... , ... . .... . . . .... . ... . ..... .... , .  ..... . . .... .... . .  ....... ... .. . . . .. . .... 62 

3 .4 Relationship between urinary PD excretion in Swamp buffaloes, 
KK cattle and digestible OM intake (DOMI) ..... . .. .. . ......... ....... , 78 

4.1 KK cattle fitted with a ruminal and duodenal cannula.. . ... . ..... .... . .  87 

4.2 Schedule of experimental procedure .... . ........ ..... . ..... ...... ....... , 89 

4.3 The PB solution was continuously infused into duodenal cannulae 
via a vinyl tube.... . .... ... . .. . .......... . . ... . . .. . .. .  . . . . . . ..... .. . . . ... . .. .. 92 

4.4 Chromatogram of standard PB sample obtained using H PLC, Peak 
1 = guanine, 2=allapurinol (internal standard) and 3=adenine. . . .. . . . .  96 

4.5 Chromatogram of PB from duodenal digesta sample obtained using 
H PLC, Peak 1 = guanine, 2=allapurinol (internal standard) and 
3=adenine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. 96 

4.6 Urinary excretion of PD in relation to purine flows to duodenal in 
KK cattle given a duodenal infusion ofPB....... ..... ......... ......... 100 

4.7 Four buffaloes were kept in individual metabolism crates... . . . ....... 1 09 

4.8 The PB solution was infused into the duodenal catheter via vinyl 
tube.. . ......... . . . ... . . . ........ . . .. . .. . .. ......... . ... . .. . .. . . ..... ...... . .... I I I  

4.9 Urinary excretion of PD in relation to purine flows to duodenum in 
swamp buffaloes given a duodenal infusion of PB. . . . . . . . . . . . . . . . . ... 1 1 6 

XXI 



5 . 1 The concentration of plasma PD labeled with 14C (% of the 
concentration ofthe injected) in swamp buffaloes. .  . . . . . . . . . . . . . . . . . . .  1 3 1  

5 .2 The concentration of plasma PD labeled with 14C (% of the 
concentration of the injected) in KK cattle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 32 

5 .3  The recovery of tracer 14C1 (allantoin plus uric acid and other form) 
in 2 feeding levels of2 buffaloes . . . ... . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .  '" 1 36 

5.4 The recovery of tracer 14CJ (allantoin plus uric acid and other form) 
in 2 feeding levels of 2 KK cattle . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .  1 36 

5.5 The concentration of plasma PD labeled 14C (% of injected) in 4 
swamp buffaloes .. . . . . . . . . .... . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . 1 44 

5 .6 The recovery of PD labeled 14C in urine of swamp buffaloes . . . .. . . . 1 47 

6. 1 The small intestine of cattle and swamp buffalo tied with string at 
approximately 60 cm intervals... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155 

6.2 The RNA degradation in small intestine of buffaloes and KK 
cattle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .  . . . .  1 6 1  

6.3 The DNA degradation in small intestine of buffaloes and KK 
cattle .. . . . . .  . . . . . . . . .. . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  1 62 

6.4 The purine bases absorbed in small intestine from 
buffaloes and KK cattle.. .. .. . . . . . .. . . .... . . . . . . .... . . . . . . . . . . .. . . .. ... . . . . .  1 67 

7. 1 Procedure to isolate solid associated microbial (SAM) and liquid 
associated microbes (LAM) from rumen contents, (modified 
procedure ofIAEA- TECDOC, 1 997) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .  1 75 

XXll 



!lCi 
!lmol 
ADF 
ADG 
AEP 
ATP 
BCP 
BW 
C 
°C 
CF 
CMC 
Con 
CP 
Cr-EDTA 
CV 
DAPA 
DDMI 
DM 
DMI 
DNA 
DOM 
DOM! 
DOMR 
DOMS 
dpm 
EE 
FB 
FM 
GE 
GFR 
h 
HPLC 
IMP 
Kg 
Kgo.75 

KJ 
KK Cattle 
L 

LIST OF ABBREVIATIONS 

Micro Curi 
Micromol 
Acid Detergent Fiber 
Average Daily Gain 
2-aminoethylphosphonic acid 
Adenine Triphosphate 
Bacterial plus Protozoal Crude Protein 
Body Weight 
Creatinine 
Degree Celsius 
Crude Fiber 
Carboxy methyl Cellulose 
Concentrate 
Crude Protein 
Chromium-Ethylene diamine Tetra acetic acid 
Coefficient of Variation 
Diaminopimelic acid 
Digestible Dry Matter Intake 
Dry Matter 
Dry Matter Intake 
Deoxyribonucleic acid 
Digestible Organic Matter 
Digestible Organic Matter Intake 
Digestible Organic Matter apparently fermented in the Rumen 
Digestible Organic Matter in the Stomach 
Disintegrations per minute 
Ether Extract 
Fluid Associated Bacteria 
Fluid Associated Microbes 
Gross Energy 
Glomerular Filtration Rate 
Hour 
High Pressure Liquid Chomatography 
5-inosine-monophosphate 
Kilogram 
Metabolic Body Weight 
Kilo-Joule 
Kedah Kelantan Cattle 
Liter 

XXlll 


