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A series of experiments was conducted to study various aspects of nutrition of 

lesser mouse deer to determine their dietary energy and protein requirements for 

maintenance and growth in captivity. When given a choice of feeds male mouse deer 

preferred sweet potato, while the female preferred carrot in terms of fresh weight. 

However, in terms of dry matter (OM) intake, the rabbit pellet (90% OM) was 

consumed the most by both male and female mouse deer. The daily intakes of OM, 

organic matter (OM) and gross energy (GE) were significantly (P<0.05) higher in 

male than female when given these feeds, but the OM intake was similar when they 

were fed only rabbit pellet. The crude protein (CP) intake was similar between male 

and female -mouse deer when fed various types of feed or only pellet. The ability of 

male and female mouse deer to digest OM, OM and GE of feed were also similar. 

In the energy expenditure and activity study, it was observed that both male 

and female mouse deer spent most of their time sitting (926.0 min/d), followed by 

standing (491.5 min/d) and eating (22.5 min/d). Heat production (HP) for male and 
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female (0 .44 and 0.43 kJ/kg WO 75/min, respectively) was the highest during eating 

followed by standing (0.37 and 0.33 kJ/kg WO 75/min, respectively) and sitting (0.26 

and 0.26 kJ/kg WO 75/min, respectively) . The HP for morning to afternoon and 

afternoon to evening periods were significantly higher than the night and early 

morning periods . The overall HP of males during morning to afternoon and afternoon 

to evening periods was significantly (P<0.05) higher than that of females. 

When the mouse deer were fed diets containing 5% to 20% of fiber, the 

digestibil ity values of DM, OM, CP and GE were significantly (P<0.05) decreased 

with an increase in fiber level . Positive nitrogen balance and body weight gain was 

obtained when the levels of fiber were in the range of 5% - 1 0%. The passage rate 

constants of solid and fluid were significantly increased when more than 10% fiber 

was in the diet. On the other hand, the mean retention time of solid and fluid decreased 

with increasing levels of fiber in the diet. 

Metabolisable energy requirements for maintenance in growing and mature 

mouse deer were in the range of 418.0 kJ/kg WO 75/d - 424.9 kJ/kg WO 75/d. Efficiency 

of utilisation of energy requirement for maintenance was 0.52 for growing mouse deer 

and 0.44 for mature mouse deer. Maximum nitrogen balance was achieved at 20% 

metabolisable energy above maintenance. The protein requirement for maintenance of 

growing male, mature male and mature female was 0.33, 0.25 and 0.28 g N/kg W0 75/d 

or 6.4%,5.4% and 5 .3% CP in the diet, respectively and for growth was 0.93 , 0.94 and 

0.98 g N/kg W0 75/d or 18.2%,18.8% and 18.7% CP in the diet, respectively. 
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Satu siri eksperirnen telah dijalankan untuk rnengkaji berbagai aspek 

pemakanan pelanduk untuk rnenentukan keperluan tenaga dan protein keperluan 

hidup asas dan tumbesaran dalarn peliharaan. Apabila pelanduk diberi berbagai jenis 

rnakanan segar, pelanduk jantan lebih suka ubi kentang sedangkan pelanduk betina 

lebih suka lobak merah, tetapi dalarn bentuk bahan kering (BK), pelanduk jantan dan 

betina lebih banyak mernakan pelet amab (90% BK) . Pengarnbilan harian BK, bahan 

organik (BO) dan tenaga (T) pelanduk jantan lebih dari pelanduk betina bila diberi 

berbagai jenis makanan, tetapi bila hanya diberi pelet amab, jurnlah pengarnbilan BK 

pelanduk jantan adalah sarna dengan pelanduk betina. Pengambilan protein kasar 

(PK) pelanduk jantan dan betina adalah sarna bila diberi berbagai jenis rnakanan atau 

diberi pelet sahaja. Penghadaman BK, BO dan T pelanduk jantan dan pelanduk betina 

adalah sarna. 

Dalam kajian aktiviti dan penggunaan tenaga, peianduk jantan dan betina 

menghabiskan masa untuk duduk selama 926 min/hari, diikuti dengan berdiri selama 
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491min/hari dan makan selama 22.5 minlhari. Penghasilan haba pelanduk jantan dan 

betina adalah paling tinggi semasa makan (0.44 dan 0.43 kJ/kg Wo 75/min), diikuti 

semasa berdiri (0.37 dan 0.33 kJ/kg WO 75/min) dan duduk (0.26 and 0.26 kJ/kg 

WO 75/min). Penghasilan haba dari pagi hingga tengahari dan dari tengahari hingga 

petang adalah lebih tinggi dari malam hingga awal pagi. Penghasilan haba secara 

keseluruhan pelanduk jantan dari pagi hingga tengahari dan dari tengahari hingga 

petang adalah lebih tinggi daripada pelanduk betina. 

Apabila diberi makanan yang mengandungi 5% - 20% serat kasar, nilai 

penghadaman BK, BO, PK dan T menurun dengan meningkatnya kandungan serat 

kasar. Keseimbangan nitrogen dan pertambahan berat badan adalah positif bila 

kandungan serat kasar dalam lingkungan 5% - 10%. Pengaliran butir-butir kecil 

digesta dan cecair rumen lebih cepat apabila kandungan serat kasar melebihi 10%. 

Waktu retensi butir-butir kecil digesta dan cecair rumen menurun dengan 

meningkatnya kandungan serat kasar. 

Keperluan as as tenaga metabolik pelanduk yang membesar dan dewasa adalah 

418.0 - 424.9 kJ/kg W075/hari. Kecekapan penggunaan tenaga untuk keperluan asas 

adalah 0.52 bagi pelanduk yang membesar dan 0.44 bagi pelanduk dewasa. 

Keseimbangan nitrogen yang maksimum diperolehi bila tenaga metabolik makanan 

melebihi 20% keperluan asas. Keperluan asas protein untuk pelanduk yang sedang 

membesar, jantan dewasa dan betina adalah 0.33,0.25 and 0.28 g N/kg WO 75/hari atau 

6.4%, 5.4% dan 5.3% PK makanan dan untuk pertumbuhan adalah 0.93, 0.94 and 0.98 g 

N/kg W075/hari atau 18.2%, 18.8% and 18.7% PK makanan. 

v 



ACK1�OWLEDMENTS 

I wish to express my sincere appreciation and gratitude to Assoc. Prof. Dr. 

Norhani Abdullah, chairman of the supervisory committee for her invaluable 

guidance and untiring assistance throughout the period of my studies. Sincere 

thanks are also due to Professor. Dr. Ho Yin Wan and Assoc. Prof. Dr. Liang Juan 

Boo for serving as members of the supervisory committee and for their invaluable 

advice, suggestion and comments during the course of my work and in the 

preparation of the thesis. 

I would like to thank the Malaysian government for the financial assistance 

given to me during my study in UPM, the University of Jambi for granting 

permission for leave of absence to undertake this study, Institute of Bioscience 

and the Department of Animal Science, Faculty of Agriculture, Universiti Putra 

Malaysia for providing the research facilities. 

I am also grateful to Professor Tan Sri Dr. Syed Jalaludin Syed Salim for 

his invaluable advice and encouragement, Professor Dr. Dahlan Ismail for allowing 

me to use a few of his mouse deer, Dr. Bagus Purwanto of the Animal Science 

Department, Institut Pertanian Bogor, Indonesia for his advice and suggestions in 

the energy expenditure study and the Department of Wildlife and National Parks of 

vi 



Malaysia (PERHILITAN) for approval to maintain the mouse deer colony at 

Universiti Putra Malaysia. 

Sincere appreciation is extended to all my colleagues and staff of Digestive 

Microbiology Laboratory, Latiffah Zakaria, Kalavathy Ramasamy, Lan Gan Qiu, 

Sieo Chin Chin, Thongsuk letana, Vickneswary Dharmadas, Wan Zuhainis, S ideig 

Adam Abdalla, Khairul Kamar Bakri, Madam Haw Ah Kam, livanathan 

Arumugam, Nagaya Muniandy and Paimon Lugiman for their cooperation and 

assistance. Sincere appreciation is also extended to all the staff in the Nutrition 

Laboratory, Ibrahim Mohsin, Bakari Abd. Rahman and Saparin Denim, for their 

help. 

Finally, I would like to express my sincere gratitude and affection to my 

loving wife Dra. Mardiani for her love, prayers, patience and encouragement 

throughout the duration of my study and, above all, to Almighty Allah S .W.T.,  

for blessings on me and my family. 

vii 



TABLE OF CONTENTS 

Page 

ABSTRACT . . . . . . . . . . . . . . . . . .  ... ......... ........................... ............ ... ... 11 

ABSTRAK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  IV 

ACKNOWLEDGEMENTS . . . . . . . . .  ... ............ ..................... ......... ... VI 

APPROV AL SHEETS ............................................................... Vlll 

DECLARATION FORM . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  x 
LIST OF TABLES . . . . .  , . . .  . .  . . . .  . . .  . . .  . . .  . . .  . . .  . .  . . . .  . . .  . . .  . . .  . . .  . . .  . .  . . .  . . . .  . . . . . .  . .  xv 
LIST OF FIGURES . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . .  xx 

CHAPTER 

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

2 

3 

LITERATURE RE"IE� ................................................. . 

2.1. Mouse Deer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
2.1.1. Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.1.2. Morphological Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.1.3 Feed Intake Studies in Mouse deer . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

2.1.4. Rumen Microorganisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

2.1.5. Reproduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.2. Feed Intake and Factors Affecting Feed Intake . . . . . . . . . . . . . . . . . . . . . . 

2.3. Diet Selection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

2.4. Feed Preference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.5. Digestion in Ruminant Animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.6. Passage Rate of Rumen Digesta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 
2.7. Energy Requirement and Utilisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.7.1. Energy Available to Animals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.7.2. Heat Production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  

2.7.3. Energy Requirement for Maintenance . . . . . . . . . . . . . . . . . . . . . . .  . 

2.7.4. Utilisation of Energy .......................................... . .  

2.7.5. Efficiency of Energy Utilisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

2.8. Protein Requirement and Utilisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 

2.8.1. Protein Digestion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

2.8.2. Protein Utilisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .  . .  
2.8.3. Protein Requirement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

PREFERENCE TEST ON FEED AND NUTRIENT INTAKES 
IN MALE AND FEMALE LESSER MOUSE DEER ............... . 

4 
4 
4 
4 
8 
8 
9 
9 

1 2  
1 6  
18 
19 
2 2  
22  
2 4  
2 6  
28 
30 
30 
30 
3 2  

35 
3.1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
3.2. Materials and Methods . . . . . . . . . . . . . . . . . . . .  . . . . .  .. ....................... 36 

3.2.1. Experiment I : Feed Preference and Nutrient Intake . . . . . . .  36 

xi 



4 

5 

3.2.1.1. Animals . . . . . . . . . . . . . . ... ... . . . . . . . . . .. . . . . .  . .. . . . . . . . . . .  36 
3.2.1.2. Feeds and Experimental Procedures . . . . . . . . . . . . . . . .  37 
3.2.1.3. Chemical Analyses .. . .. . .. . .. . . . .. .. .. . . . .. . . . . . . . .  ... 38 
3.2.1.4. Statistical Analysis . . .  ............................... ... 45 

3.2.2. Experiment II : Selection of Feeds with Various Levels 
of Protein Offered Singly or in Pairs.. . . . . . . . . . .. .. . .... .. .... 45 
3.2.2.1. Animals . . . . . ... ... . . . . . . . . . . . ... . . . . .. .. . . .. .... . .. . .. .  45 
3.2.2.2. Feeding . . . . . .. . . . . . . . . . ... .. .. . . . .. . . . .. ... . . .... . . . .  ... 46 
3.2.2.3. Single Feed Offer . . . . . . . . . .. .  .... . ... ..... ...... .... ... 46 
3.2.2.4. Paired-Feed Offer. . . ............ ..................... 48 
3.2.2.5. Sample Analyses. . .. . . .. . . .. . . .. .. . .. .. . . . ... . .. ... .. . 49 
3.2.2.6. Statistical Analysis.. . ...... .................. ........ 49 

3.3. Results . . . . . . . . . . .. ... .... . ... . .. .. .. . . . . . . . .. . ... .. . .. . .... . .. . . . . . . .  ..... 49 
3.3.1. Feed Preference and Nutrient Intake ......................... 49 
3.3.2. Selection of Feed with Various Levels of Protein ... . . . . . . . . 55 

3.3.2.1. Single Feed Offered . . .  ......... ............... ........ 55 
3.3.2.2. Paired-Feed Offered . . .. .. ... . .. . . .. . .... . .. . .. . . ..... 57 

3.4. Discussion. .. . . .. . . . . . . . . . .. . . . . . . . . . .. . .. .. ... . . . . . . . . . . .. . ... . . . . . . . . . . .  60 

ENERGY EXPENDITURE IN RELATION TO ACTIVITY OF 
LESSER MOUSE DEER .................................................. . 
4.1. Introduction . . . . . . . . . . . . . . . . . . .. . . . . . . . .. .. . .. . . . . . . .. . . .. . . .. . . . . . . . . . .. . 
4.2. Materials and Methods . . . . . . . . ... . . . . . . . .. . . . . . .... ... . .. . . ... ... . . . .. . 

4.2.1. Animals and Feed ... .. .. . . . . . . . . .. .... . . .. .. . . . . . . . . . . .... . .. . . . . . . 

68 
68 
68 
68 

4.2.2. Measurement of Energy Expenditure . . . . . . .. . . . . .  ............. 69 
4.2.3. Statistical Analysis . . . . . . . . . .. ... .. .. . . . . . . . . . .. .................. 72 

4.3. Results . . ... .. .. . .. . .. . . . . . . . . . .. .. . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . 72 
4.4. Discussion .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . .. . . . . . . . . . . . .. ... 80 

EFFECTS OF FIBRE ON DIGESTIBILITY, NITROGEN 
BALANCE, FLOW RATE AND HEAT PRODUCTION IN 
LESSER MOUSE DEER .................................................. . 85 
5.1. Introduction............................... . . . ... .. . . .. ... ... ... ... ... ..... 85  
5.2. Materials and Methods . . . . . . .. . . .. . . .... .. .. ... . . .. . . . . ... .. . . ...... ... . 86 

5.2.1. Animals and Feeds ....... ,. ......... ... ... ............ ... ........ . 86 
5.2.2. Digestibility Trial. . . .. . . . . . . . . .. .. .. . .. . . . . .. . . .. . . . .. . . .. . . . . . . 88 
5.2.3. Solid and Fluid Flow Rate .................................. ... 88 

5.2.3.1. Preparation of Markers . . .. . . . .  ...... ... ... ... ......... 89 
5.2.3.2. Sampling . .. . .. .. . . .... . .. . . . . ..... .. .. ... .. . . . . . . ... .. . . 90 
5.2.3.3. Sample Analysis. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90 
5.2.3.4. Calculations ... . . . . . . . ... . . . . . . . . . . . . . . . . . . ... . . .. . . . . . . .  91 

5.2.4. Heat Production . . .. . . . . .. . . .. ... . . . . . . . .... .. . . . . . . .  ........ .... 92 
5.2.5. Statistical Analysis . . . . . ... .. . .. .. . . . . .. ...... ... . . .. .  . . . . . . .  .... 92 

5.3. Results ...... . . . . .  ......................................................... 93 

xii 



5 .3 . 1 .  Feed Intak e . . .. . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  93 
5 .3 .2 .  FaecaIOu tpu t. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  95 
5 . 3 . 3 .  Dig es tib il ity . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  9 5  
5 .3A. Dig es tibl e Nu tr ient Intak e . . . . . . . . . . . . . . . . .. . . . . . . . . ... . . . . . . . .  99 
5 . 3 . 5 .  Nitrog en Bal ance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  1 0 1  
5 .3 .6 .  Sol id Flo w R ate . . . . . . . . .. . . ......... . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . 1 03 
5 .3 .7 .  Flu id Flo w  R ate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  . . . . 1 08 
5 .3 .8 .  H eat Pro du ctio n . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . 1 1 2 

SA. Dis cuss io n. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 3 

6 ENERGY REQUIREMENT FOR MAINTENANCE OF 

GROWING AND MATURE MALE LESSER MOUSE DEER.... 1 1 9 
6 . 1 .  Intro du ctio n. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . .  1 1 9 
6 .2 .  Mater ials and Metho ds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . .  1 20 

6.2 . 1 . A nim als . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . .  , . .  . . . 1 20 
6.2.2 .  Feeds and Feeding Lev els .. . .. . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . .  1 20 
6.2 . 3 .  Exp er im ental Pro cedur es . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . 1 22 
6.2A. Sampl e  A nalys es . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. 1 23 
6 .2 .5 .  Statis tical A nalys is . . . . . . . . . ... . . . . . . .  , . . .  . . . .  . .  . . .  . . . .  . . .  . . .  . . . 1 24 

6 .3 . R esul ts . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 1 24 
6A. Dis cuss io n . . . .. . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 39 

7 EFFECTS OF ENERGY AND PROTEIN LEVELS ON FEED 
INTAKE, NITROGEN BALANCE, NITROGEN REQUIREMENT 
AND FEED EFFICIENCY OF LESSER MOUSE DEER............. 1 44 
7. 1 .  Intro du ctio n. . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 44 
7 .2 .  Mater ials and Metho ds . . . . . .  . . .  . . .  . . .  . . .  . . . . . .  . . .  . . . . . .  . . .  . . .  . . . . . .  . . . .  1 45 

7.2. 1 .  A nim als . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . .  1 45 
7.2.2. Feed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1 45 
7.2 .3 .  Exp er im ental Pro cedur es . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .  1 45 
7.2A.  Statis tical A nalys is ... . . . . . .. .. . . . . .. . .. . . . . . . . . . . . .. . . .. . .. . . . . .  1 49 

7 .3 . R esul ts . . . . . .  . . .  . . .  . . . . . .  . . . . . . . . .  . . .  . . .  . . . . . .  . . .  . . .  . . . . . . . . . . . .  . . .  . . . . . . . . 1 50 
7 .3 . 1 .  Nu tr ient Intak e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . .  1 50 
7.3.2. Nutrient Output . . .... .. . . . . . . . . . . .. . . .... .. . . . . . ... .. . . . .. . .. .... 152 
7.3 . 3 .  Nu tr ient Dig es tib il ity . . . . . . .  , . . . .  '" . .  , . . .  . . .  . . . . . .  . . .  . . .  . .  . . . . .  1 54 
7.3 A.  Dig es tibl e Nu tr ient Intak e . . .  . . .  . . .  . .  . . .  . . . .  . . .  . . .  . . .  . . .  . . .  . . . .  1 57 
7 . 3 . 5 .  Nitrog en Bal ance . . . . . . . . . ... . . . .. . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  1 59 
7 .3 .6 .  E fficiency o f  Feed Util is atio n . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . .  1 64 

7.4 .  Dis cuss io n . . . . . . . . . . . . . .. . .. . . . . . . . . . .. . . . .. . . . . . .. . . . . . .. . . . . . . . . . . . . . . . .  1 69 

8 PROTEIN REQUIREMENTS FOR MAINTENANCE AND 

GROWTH IN GROWING MALE, MATURE MALE AND 

MATURE FEMALE LESSER MOUSE DEER....................... 1 75 
8 . 1 .  Intro du ctio n . . . . . . . . . .. .. . .. . . . .. . .. . . . . . . ... . . .. . . . . . . . . . . . . . . . . . . . . . . . .. 1 75 
8 .2 .  Mater ials and Meth o ds . ... . .. . . . . . . .. .. .. . . . . . . . .. . . . .. . . . . . . . . . . . . . . . 1 76 

xiii 



8.2. 1 .  A nim als . . . . . . . . .. . .. . . . . . . . . . . . . .. .. . .. . . . . . . . . . . . . . . . . . . . .. . . . . .  1 76 
8 .2 .2 .  Feed . . . . .. .. . . . . . . . . .. ... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . 1 76 
8 .2 .3 .  Exp erim ental P ro cedu res . . . .. . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . 1 76 
8 .2 .4 .  E ndog enous Uri nary Ni trog en (E UN) and Metaboli c 

Faecal Ni trog en (MFN) . . . .. . . . . . . . . . . .. . . . . . . . .. . . .. .. . . . . . . . . .  1 78 
8 .2 .5 .  Statis ti cal A nalysis .. . .. . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 79 

8 .3 .  R esul ts . . . .. . . . . . .. . . . . . . .. . . . . .. . .. . . .. . . . . . . . . . .. .. . . .. . . . . . . . . . . . . . . . . .. 1 79 
8. 3 . 1 .  Nu tri ent Intak e . . ... . . . . . .. . . .. . .. . . . . .. ... . ... . . . . . .. . . . . . . .. . . . 1 79 
8 .3 .2. Nu tri ent Ou tpu t. . . . . .  . . . .. . . . . .. .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . . . .  1 8 1  
8 .3 . 3 .  Nu tri ent Dig es tibili ty . . . . . . . . . . . .  . . . . . . . . . ... . . . . . . ... ... . . . . . . .  1 83 
8 .3 .4. Dig es tibl e Nu tri ent Intak e . . . . .. . . . ... .. . . . . . .. ... . . . . . .. . . . . . .  1 83 
8 .3 . 5 .  Ni trog en Bal ance . . . . . . . .. ... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . .  1 86 
8 .3 .6 .  E ffici ency o f  Feed Uti lis atio n . . . . . . . . . . . . .. . . . . . . .. . . .. . . . . . . .  1 9 1  
8 .3 .7 .  E ndog enous Uri nary Ni trog en and Metaboli c Faecal 

Ni trog en .. . .. . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . .  . . .  . .  . .  1 95 
8 .4. Dis cussio n .. . .. . . . . . .. .. . . . . . . . .. .. .. . . . . . . . . . . . .. .. . . .. . . . . . . . . . . . . . . . . . .  1 99 

9 GENERAL DISCUSSION AND CONCLUSION........ . . . . . . . . . . . . .  203 
BIBLIOGRAPHy...................................................... ..... 2 1 2  
APPENDIX . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232 
VITA . .. .. . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  233 

xiv 



LIST OF TABLES 

Table Page 

1. Taxonomic relationship of Tragulus javanicus .................. . . . . .. . .. 5 

2. Mean retention times of digesta in the gut of different animal species. 2 1  

3. Heat production of different species and sizes of animals ............... 26 

4. Proportion (g/kg) of water, fat, CP and GE contents (MJ/kg) in empty 
body of lambs at different weights... ... ... ... ...... ... ... . .. ... ... .. . . . .... 29 

5. Ingredient composition of basal feeds L and H (dry weight basis) .... 47 

6. Chemical composition of experimental feeds...... ........................ 47 

7. The chemical composition of feeds offered............................... 50 

8. Fresh feeds consumed by male and female lesser mouse deer ......... 5 1  

9. Dry matter intake (DMI) of feed and their percentage proportions 
consumed by male and female lesser mouse deer........................ 52 

10. Feed. intake, digestibility, nitrogen balance and body weight gain of 
male and female lesser mouse deer.. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ... 54 

1 1. Dry matter intake (DMI), crude protein intake (CPI), body weight 
gain and feed conversion efficiency (FCE) of male and female mouse 
deer offered single feeds ...................................................... 56 

12. Feed H intake (FHI), dry matter intake (DMI), crude protein intake 
(CPI), body weight gain and feed conversion efficiency (FCE) of 
male and female mouse deer offered paired-feeds ....... ................. 58 

l3. Feed H intake by male and female mouse deer when feeds were 
placed in different positions................................................ 59 

14. Dry matter (DM), organic matter (OM), crude protein (CP) and gross 
energy (GE) intakes of male and female mouse deer in the respiration 
chamber ...... ... ... ......... ... ... ... ... ... ... ... ... ... ... ... ...... ... ... ... ... 74 

xv 



1 5 . Du ratio n (m inu te) o f  different activ ities o f  m ale and fem ale mous e 
deer in the resp iratio n chamb er (RC) and in an ou tdoo r enclosu re 

w ith a sm all s helter ( OD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .  75  

1 6 . H eat p ro du ctio n  o f  mous e deer fo r different activ ities in the 
resp iratio n chamb er .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .  76 

1 7 . H eat p ro du ctio n (k J/kg WO 75) o f  mous e deer at different p erio ds in 
the resp iratio n chamb er w ithin 24 h . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

1 8 . Ing redient compos itio n  o f  exp erim ental diets ( dry m atter b as is) . .. . . .  87 

1 9 . C hem ical compos itio n o f  exp erim ental diets . . . . . . . .  , . . .  . . .  . . .  . . .  . . .  . . . . . .  87  

20. Dry m atter (DM), cru de p ro tein (CP), o rg anic m atter ( OM), cru de 
fib re (C F) ,  neu tral deterg ent fib re (AD F) , acid deterg ent fib re (ADF) 
and g ross energy ( GE) intak es o f  mous e deer fed different lev els o f  
fib re . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . .. . . . . .. . . . . .. . . . . .. . . . . . .. .. . . .  . . . .  94 

2 1 .  Faecal dry m atter (DM), cru de p ro tein (CP) , o rg anic m atter ( OM), 
cru de fib re (C F) ,  neu tral deterg ent fib re (ADF) , acid deterg ent fib re 
(ADF) and energy (E) o f  mous e deer fed different lev els o f  fib re . . . . . 96 

22. Dig es tib ilities o f  dry m atter (DM), cru de p ro tein (CP), o rg anic m atter 
( OM), cru de fib re (C F), neu tral deterg ent fib re (ADF), acid deterg ent 
fib re (ADF) and g ross energy ( GE) in mous e deer fed different lev els 
o ffib re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  97 

23 . Dig es tib le dry m atter (DM), cru de p ro tein (CP), o rg anic m atter 
( OM), cru de fib re (C F), neu tral deterg ent fib re (ADF), acid deterg ent 
fib re (ADF) and energy (E) intak es o f  mous e deer fed different lev els 
o f  fib re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . .  1 00 

24. Nitrog en intak e ( NI) , faecal nitrog en ( FN), u rinary nitrog en (UN), 
nitrog en b alance (NB) and bo dy w eig ht g ain ( Gain) o f  mo us e  deer 
fed different lev els o f  fib re . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . 1 02 

25 . P ass ag e  rate co ns tant o f  p articu late m atter (k), m ean retentio n tim e  
(MRT) , poo l s ize (PS) and so lid flow rate ( FR) o f  mous e deer fed 
different lev els o f  fib re . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . 1 04 

26.  Water intak e  (WI), dilu tio n rate (k), m ean retentio n tim e (MRT), 
rum en vo lum e (R V) and flu id flow rate ( FR) o f  mous e deer fed 
different lev els o f  fib re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 1 09 

xvi 



27. Hea t pro du ction o f  mouse deer fe d differen t levels o f  fibre . . . . . . . . .  . . . .  1 1 2 

28 .  The ingre dien t compos ition o f  pelle ts ( dry ma tter bas is) . . .. . .. . . . . . . . . . .  1 2 1  

29. Chem ical compos ition o f  pelle ts .. . .. .. . . . . .  . . . . . .  . . . . . .  . . . . . . . . . . . . . .  . . . . . .  1 2 1  

30.  Dry ma tter (DM), orga nic ma tter ( OM) an d gross energy ( GE) 
in takes o f  grow ing an d ma ture male mouse deer fe d differen t levels 
o f fee d . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 25 

3 1 .  Fae cal dry ma tter (DM), organ ic ma tter ( OM) a nd energy (E), 
ur inary energy ( UE) an d me thane energy (M) o f  grow ing an d ma ture 
male mouse deer fe d differen t levels o f  fee d .. ... . . . . .  . . . . . . . . . . . .  . . . . . . . . .  1 27 

32.  Diges tib il ity o f  dry ma tter (DM), organ ic ma tter ( OM) an d gross 
energy ( GE) in grow ing an d ma ture male mouse deer fe d differen t 
levels o f  fee d .. .  . . .  . . . . . . . . . . . .  . . . . . .  . . .  . . .  . .  . . . .  . . .  . . .  . .  . . . .  . . . . . .  . . .  . . .  . . .  . . . . . 1 29 

33 .  Diges tible dry ma tter (DM), organ ic ma tter ( OM) an d energy (E) 
in takes o f  grow ing an d ma ture male mouse deer fe d differen t  levels 
o f  fee d  .. .. . , . . . . . . . . . . . . . .  , . . . . . . . . . . . . . .  , . . . . . . . . . . . . . .  , .  . . .  . . .  . . .  . . . . . . . . . .  . . . . 1 3 1  

34.  Me tabol isable energy in take (ME l), hea t pro du ction (HP) , energy 
re ten tion (ER) an d bo dy we igh t ga in (ga in) o f  grow ing an d ma ture 
male mouse deer fe d differen t levels o f  fee d, cal cula te d  us ing 
equa tion I (ME l  = 0.82 DE) . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . ... . . . . . . . . . . . .  1 32 

35 .  Me tabol isable energy in take (ME l), hea t pro du ction (HP), 
energy re ten tion (ER) o f  grow ing an d ma ture male mouse deer fe d 
differen t levels o f  fee d, cal cula te d  us ing equa tion II 
[ME l = GE l - (FE + UE + M) ] . . . . . . . . . . . . . . . . . . . . . . , .  . . .  . . .  . . .  . . . . . . . . .  . . . . . 1 33 

36 .  Linear rela tionsh ip be tween me tabol isable energy in take (ME l) an d 
energy re ten tion (ER) in mouse deer fe d differen t levels o f  fee d  . . . . . . . 1 3 8  

37.  Linear rela tionsh ip be tween bo dy we igh t change (BW) an d 
me tabol isable energy in take (ME l) in mouse deer fe d differen t levels 
o f fee d . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  138 

38 .  Ingre dien t compos ition o f  pelle ts . . . . ... .. . . .. .. .. . . . . .. . . . .. .. . . . .  , .  . . .  . . . .  1 46 

39 .  Chem ical compos itio n o f  pelle ts . . . . . .. .. . . . . . .. .. ... . . . . . . . . .. .. . . . . . . . .. . . 1 47 

xvii 



40. Dry m atte r (DM), o rg anic m atte r ( OM), cru de p ro te in (CP) and g ross 
e ne rgy ( GE) intakes o f  mouse dee r  fe d diffe re nt levels o f  e ne rgy and 
p ro te in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  :. . . .  1 5 1  

4 1 .  Fae cal dry m atte r (DM), o rg anic m atte r  ( OM), cru de p ro te in (CP) 
and e ne rgy ( OE) o f  mouse dee r  fe d diffe re nt levels o f  e ne rgy and 
p ro te in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 53 

42. Diges tib il ity o f  dry m atte r  (DM), o rg anic m atte r  ( OM), cru de p ro te in 
(CP) and g ross e ne rgy ( GE) in mouse dee r  fe d diffe re nt leve ls o f  
e ne rgy and p ro te in . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  1 55 

43.  Diges tible dry m atte r (DM) , o rg anic m atte r  ( OM), cru de p ro te in (CP) 
and e ne rgy (E) intakes o f  mouse dee r  fe d diffe re nt levels o f  e ne rgy 
and p ro te in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 58 

44. Nitroge n intake (NI), fae cal nitroge n (FN), u rinary nitroge n (UN) and 
nitroge n b al ance (NB) o f  mouse dee r  fe d diffe re nt leve ls o f  e ne rgy 
and p ro te in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 1 

45 .  Line ar rel atio nsh ips be twee n nitroge n intake (NI) and nitroge n 
b alance (NB) o f  mouse dee r  fe d diffe re nt leve ls o f  e ne rgy and 
p ro te in . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 64 

46. E ne rgy p ro te in ratio (EP), fee d  co nve rs io n ratio (CFR) , fee d  
co nve rs io n  e fficie ncy (FCE) and bo dy we igh t g ain ( Gain) o f  mouse 
dee r  fe d diffe re nt levels o f  e ne rgy and p ro te in . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 65 

47. Dry m atte r (DM), o rg anic m atte r ( OM), cru de p ro te in (CP) and g ross 
e ne rgy ( OE) intakes o f  g ro w ing m ale ( OM), m atu re m ale (MM) and 
m atu re fem ale  (MF) mouse dee r  fe d diffe re nt leve ls o f  p ro te in . . . . . . . . 1 80 

48 .  Fae cal dry m atte r (DM), o rg anic m atte r  ( OM), cru de p ro te in (CP) 
and e ne rgy (E) o f  g ro w ing m ale ( OM), m atu re m ale (MM) and 
m atu re fem ale  (MF) mouse dee r  fe d diffe re nt levels o f  p ro te in. . . . . . . . 1 82 

49. Diges tib il ity o f  dry m atte r (DM), o rg anic m atte r ( OM), cru de p ro te in 
(CP) and g ross e ne rgy ( OE) in g ro w ing m ale ( OM), m atu re m ale 
(MM) and m atu re fem ale (MF) mouse dee r  fe d diffe re nt levels o f  
p ro te in . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 84 

50. Diges tible dry m atte r (DM), o rg anic m atte r ( OM), cru de p ro te in (CP) 
and e ne rgy (E) intakes o f  g ro w ing m ale ( OM), m atu re m ale  (MM) 
and m atu re fem ale (MF) mouse dee r  fe d diffe re nt levels o f  p ro te in . . .  1 85 

xviii 



5 1 .  Ni trog en i ntak e  (NI), faecal ni trog en (FN) uri nary ni tro gen (UN) and 
ni trog en bala nce (NB) o f  gro wi ng m al e  ( GM), m atur e mal e (MM) 
a nd m atur e  fem al e (MF) mous e deer fed di ffer ent l ev els o f  pro tei n . . .  1 87 

52 .  Li near r el atio nships b etw een ni trog en i ntak e (NI) and nitrog en 
bala nce (NB) o f  gro wi ng m al e, m atur e  m al e  a nd m atur e  fem al e 
mous e deer fed di ffer ent l ev els o f  pro tei n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 90 

53. Ni trog en (N) , di etary ni trog en (DN) and di etary cru de pro tei n (DCP) 
r equir em ents for gro w th o f  gro wi ng mal e, m atur e  m al e  a nd m atur e  
femal e mous e deer . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 90 

54. E nergy pro tei n  ra tio (EP), feed co nv ersio n r atio (CFR), feed 
co nv ersio n effici ency (FCE) and bo dy w eigh t gai n ( Gai n) o f  gro wi ng 

m al e  ( GM), ma tur e m al e  (MM) and m atur e  fem al e  (MF) mous e deer 
fed di ffer ent lev els o f  pro tei n . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 92 

55 .  Uri nary ni trog en (UN) and faecal ni trog en (FN) o f  gro wi ng and 
ma tur e m al e  mous e deer fed N-fr ee di et for 7 days . . . . . . . . .. . . . . . .. . . .  . . .  1 96 

56. Tru e dig es tibil i ty o f  ni trog en (TD), biologi cal v alu e (BV) and 
ni trog en r equir em ent for m ai ntena nce (Nm) o f  gro wi ng m al e, ma tur e 
m ale and m atur e  femal e mous e deer .. . . .  . . . .  . . .  . . .  . . .  . .  . . . .  . . . . . .  . .  . . . .  . . .  1 98 

xix 



LIST OF FIGURES 

Figure Page 

1 .  Matur e m al e  mou se deer (Tragulus javanicus) . .. . . . . . . . . . . . . . . . .  . . . . . .  7 

2 .  Matur e fem al e  mou se deer (Tragulus javanicus) . . . . . . . . . . . . . . . . .  . . . . . .  7 

3 .  A mo del o f  anim al factor s affecting feed intak e (Sour ce: Ly nch et 
al., 1 992) . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . .  . . . .  . . . . .  1 1  

4 .  Diagr amm atic r epr esentatio n o f  m ix tur es o f  feeds r equ ir e  to 
satisfy anim al dem ands for nu tr ients. ( a) two nu tr ients; (b) thr ee 
nu tr ients; ( c) four nu tr ients. Th e cir cl ed ar ea sho w s  th at th e 
anim al 's r equ ir em ents upo n th e nu tr ients ar e satisfied. A. B, C, D, 
E and F indicate typ es o f  feeds wh ich co ntent nu tr ients r el ated to 
th e po sitio n in th e diagr am (Sour ce: Emm ans, 1 99 1 )  . , .  . . . . . . . . . . . . . 1 3  

5 .  Interr elatio nsh ip s  b etw een v ar iou s form s o f  energy (Sour ce: 
McDo nal d et al. , 1 988) . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . .  . . . . . . .  23 

6 .  H eat pro du ctio n  m easur em ent for mou se deer . .. . . . . . .. , . . . .  . . . . . . . .  . .  70 

7 .  Th e mou se deer k eep in an ou tdoor enclo sur e w ith sh elter . . .  . . .  . . . .  73 

8. E nergy exp enditur es o f  m al e  and fem al e mou se deer in eating , 
standing and sitting po sitio ns . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 

9 .  Diu rnal p attern o f  h eat pro du ctio n  for mou se deer in r esp ir atio n 
ch amb er ov er 24 hour s . . . .  , .  . . .  . . .  . . .  . . .  . . . . . . . .. . . .  . . .  . . .  .. . . . .  . . .  . . .  . . . .  80  

1 0 . R el atio nsh ip s  b etw een fibr e  l ev el s  and dig estib il ity o f  DM (0), 
OM (A), CP (e) and GE (D) in mou se deer fed d iffer ent l ev els o f  
fibr e  . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . .. . .. , . .. . . . . . . . . . . . . . . . . . . .  . . . .  98 

1 1 . Bu il d up curv es o f  Cr in th e faeces o f  m ou se deer fed differ ent 
l ev el s  o f  fibr e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 05 

1 2 .  Cumul ativ e  r ecov ery o f  Cr in th e faeces o f  mou se deer fed 
differ ent l ev el s  o f  fibr e  . . . . . ... . . .. .. .. . ... . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . 1 06 

1 3 .  Bu il d up curv es o f  C o  in th e faeces o f  m ou se deer fed differ ent 
l ev el s  o f  fibr e  .. . . . . . . . .. . . . . .. . . . . . . . .. . . . .  . . . . . . . . . . . . . . . . . . . .  . . . .  . .  . . .  . . . . 1 1 0 

xx 



1 4. Cumulative recovery of Co in the faeces of mouse deer fed 
different levels of fibre . . . . . .  . . .  . . .  . . .  . . .  . . .  . . .  . .  . . . . . . .  . . .  . . .  . . .  . . .  . . .  . . . .  1 1 1  

1 5 . Mean retention times of solid (_) and fluid (D) of mouse deer fed 
different levels of fibre . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 6 

1 6. Energy retention as a function of metabolisable energy intake for 
growing (_) and mature (D) male mouse deer fed different levels 
of feed calculated by using equation l, MEl = 0.82 DE . . .  . . . . . . .  . . . . . 1 36 

1 7. Energy retention as a function of metabolisable energy intake for 
growing (_) and mature (D) male mouse deer fed different levels of 
feed calculated by using equation II, MEl = GEl - (FE + UE + M).... 1 36 

1 8 . Body weight change as a function of metabolisable energy intake 
in growing (_) and mature (D) male mouse deer fed different 
levels of feed calculated by using equation I ,  MEl = 0.82 DE . . .  . . .  1 37 

1 9. Body weight change as a function of metabolisable energy intake in 
growing (_) and mature (D) male mouse deer fed different levels of 
feed calculated by using equation II ,  MEl = GEL - (FE + UE + M) . . .  1 37 

20. Changes in CP digestibility in mouse deer fed different levels of 
protein and energy {I.I M (0), 1 .2 M (_) and 1 .3 M( ... )} ............. 1 56 

2 1 .  Changes in digestible CP intake in mouse deer fed different levels 
of protein and energy {I.I M (D), 1 .2 M (_) and 1 .3 M ( ... )} ... . . . . . .. 1 60 

22. 

24. 

25 

Relationship between nitrogen intake and nitrogen balance of mouse 
deer fed different levels of protein and energy {I.I M (D), 1 .2 M 
(_ ) and 1 .3 M ( ... )} ........................................................ . 

Changes in EP ratio in mouse deer fed different levels of protein 

and energy {I.I M Co), 1 .2 M (_) and 1 .3 M ( '" )} .................... . 

Changes in feed conversion ratio in mouse deer fed different levels 
of protein and energy {l.l M (0), 1 .2 M (_) and 1 .3 M ( ... )} ........ . 

Changes in feed conversion efficiency in mouse deer fed different 

levels of protein and energy {1.1 M (0), 1 .2.M C-) and 
1 .3 M (  ... )} .................................................................... . 

26.  Relationship between energy protein ratio and body weight gain of 

mouse deer fed 1 .1 M Co), 1 .2.M C-) and 1 .3 M C"') energy levels 

1 63 

1 67 

1 68 

1 70 

and 8%, 13%, 1 8% and 23% protein levels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  1 74 

xxi 



27. Relationship between nitrogen intake and nitrogen balance in 
growing male ( .. ), mature male (e ) and mature female mouse 

deer (0) fed different levels of protein. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 89 

28 .  Relationship between feed conversion ratio and protein levels of 
growing male ( .. ) ,  mature male (e) and mature female (0) mOLlse 
deer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 94 

29. Faecal nitrogen (0) and urinary nitrogen (e) of growing male 
mouse deer fed N-free diet for 7 days . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  1 97 

30. Faecal nitrogen (0) and urinary nitrogen (e) of mature male mouse 
deer fed N-free diet for 7 days . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 97 

xxii 



CHAPTER 1 

INTRODUCTION 

The lesser mouse deer (Tragulus javanicus) is widely distributed 

throughout the primary and secondary forests of Southeast Asian countries such as 

Myanmar, Thailand, Kampuchea, Vietnam, Malaysia, Indonesia and the 

Philippines. It is considered to be one of the most primitive ungulates stil l  In 

existence (Morat and Nordin, 1 978; Kay et al. , 1 980; Medway, 1 983). 

Medway ( 1 983) reported that there are two species of mouse deer m 

Malaysia, namely, the lesser mouse deer (Tragulus javanicus) weighing about 

1 .2 - 1 . 8 kg and the larger mouse deer (Tragulus napu), weighing about 4 - 6 kg. 

Besides the two species, a number of subspecies such as Tragulus javanicus 

pumilus and Tragulus javanicus klossi are also recognized. 

The mouse deer is considered a ruminant. However, its stomach consists of 

only three compartments: the rumen, reticulum and abomasum. Hofmann and 

Stewards ( 1 972) classified the ruminant into three groups based on their feeding 

behaviour, i .e .  concentrate selector, bulk and roughage eaters and intermediate 

feeder. The mouse deer can be classified as a concentrate selector (Kay et al. , 

1 980; Agungpriyono et al., 1 992). In its natural habitat, the mouse deer feed on 


