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The optimum inclusion of palm kernel meal in broiler diets is reported about 20% 

without having any detrimental effect on the performance and health of broilers. The 

addition of enzyme in palm kernel mealdiet for broilers isnecessary in promoting 

growth performances of the broilers through increase in feed efficiency and 

digestibility.  Since, previous study only focusing on their effect on growth 

performance; therefore, the present study was conducted to study the effect of 

enzyme supplementation in palm kernel mealdiet on caecal fermentation profiles, 

early growth performances and caecal bacteria population of broilers. The in-vitro 

analysis was carried out by incubating the formulated diets with caecal digesta of 

broilers for 72 hours at 39±5
o
C. The gas production and end products of the 

fermentation were examined. The gas production rate of unsupplemented and 

enzyme-supplemented palm kernel meal diet observed was similar in trends. 

However, it was found that the amount of acetate was significantly (P<0.05) reduced 

with enzyme supplementation, whilst the in-vitro dry matter degradability of both, 

starter and finisher diet were improved (P<0.05), with more outstanding result 

observedfollowing xylanase supplementation at 11.09 and 17.59%, respectively.In 

the feeding trial, 75 broiler chicks were randomly allocated to three dietary treatment 

groups receiving diet containing 20% of palm kernel meal with or without xylanase 

and cellulase supplementation. The individual body weight and feed intakewere 

recorded weekly, and at day 35, broilers were slaughtered for ceacal digesta 

collection. Both enzyme addition did not improve the average daily gain of broiler at 

starter phase (1- 21 days), but had improved at grower phase (22-35 days), where 

broilers fed with xylanase supplementation had improved their body weight by 7% 

compared to control diet (61.98 g/bird). The similar result was also observed in the 

final body weight of broilers, where xylanase-supplemented group was the highest 

followed by control and cellulase-supplemented group which values is 1495.2, 

1436.8 and 1367.8 kg, respectively. In the enumeration of caecal bacteria population, 

lactic acid bacteria and Salmonella spp. population were reduced, by 4.1 and 1.9% in 
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xylanase supplemented group, and 8.3 and 7.9%in cellulase supplemented group, 

respectively. In contrast, the caecal bacteria population quantified using real-time 

PCR analysis revealed that enzyme supplementation had reduced the number of total 

bacteria, lactic acid bacteria, enterococcus, enterobacteria, Escherichia coli, 

bifidobacteria and Salmonellaspp., respectively compared to unsupplemented palm 

kernel meal diet. Apart from that, significant negative correlation (P<0.01) was 

observed between the population of coliform bacteria (-0.97) and Salmonella spp. (-

0.84) with n-butyrate in caecal digesta of broilers. The current data show that n-

butyrate have a toxic effect on coliform bacteria and Salmonella spp. In conclusion, 

enzyme supplementation in 20% palm kernel meal diet was only effective in 

improving the body weight of broilers at growing phase but not in the starter phase. 

So, reducing the amount of palm kernel meal in the starter broiler diet is 

recommended; since, body weight of broilers fed 20% palm kernel meal diet was not 

improved, even with enzyme addition.  
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Tahap kemasukan optimum mil isirong sawit dalam diet ayam pedaging dilaporkan 

sebanyak 20% tanpa memberi kesan mudarat terhadap prestasi tumbesaran dan 

kesihatan ayam pedaging. Penambahan enzim dalam diet mil isirong sawit adalah 

penting bagi meningkatkan prestasi tumbesaran ayam pedaging melalui peningkatan 

kecekapan dan pencernaan makanan. Oleh kerana kajian sebelum ini hanya memberi 

tumpuan kesannya terhadap prestasi tumbesaran ayam pedaging, maka kajian ini 

dijalankan untuk mengkaji kesan suplemen enzim dalam diet mil isirong sawit 

terhadap profil fermentasi sekum, peringkat awal tumbesaran dan populasi bakteria 

sekum ayam pedaging.  Analisis in-vitro telah dijalankan dengan mengikubasi 

rumusan diet berserta digesta sekum ayam pedaging selama 72 jam pada suhu 

39±5
o
C. Kadar pengeluaran gas dan produk akhir fermentasi diperiksa. Kadar 

pengeluaran gas diet mil isirong sawit dengan suplemen enzim atau tidak adalah 

sama. Walau bagaimanapun, didapati jumlah asid asetik telah berkurang secara nyata 

(P<0.05) oleh diet dengan suplemen enzim, manakala kadar penguraian bahan kering 

diet bagi ransum pemula dan pembesar telah meningkat secara ketara (P<0.05), 

dengan kadar penguraian yang paling tinggi oleh diet dengan suplemen xilanase pada 

kadar 11.09 dan 17.59%. Dalam ujian perbandingan makanan, sebanyak 75 ekor 

anak ayam pedaging secara rawaknya dibahagikan kepada tiga kumpulan diet 

menerima diet 20% mil isirong sawit tanpa atau dengan suplemen enzim xilanase 

dan selulase. Berat badan dan pengambilan makanan individu telah direkodkan setiap 

minggu, dan pada hari ke-35, ayam disembelih bagi pengumpulan digesta sekum.  

Penambahan enzim tidak meningkatkan purata berat badan harian ayam pedaging 

pada fasa permulaan (1-21 hari), tetapi telah meningkat pada fasa pembesaran (22-35 

hari) oleh ayam pedaging yang diberi makan diet dengan suplemen enzim xilanase 

sebanyak 7% berbanding dengan diet tanpa enzim (61.98 g/ayam). Di akhir 

eksperimen,berat badan ayam pedaging yang diberi makan diet dengan suplemen 

xilanase adalah yang tertinggi, diikuti oleh ayam pedaging yang diberi diet tanpa 

enzim, seterusnya dengan suplemen selulase, masing-masing sebanyak 1495.2, 
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1436.8 dan 1367.8 kg.  Dalam penghitungan populasi bakteria sekum, bakteria asid 

laktik dan Salmonella spp.  telah berkurang sebanyak 4.1 dan 1.9% dengan suplemen 

xilanase manakala berkurang sebanyak 8.3 dan 7.9% dengan suplemen 

selulase.Sebaliknya analisa populasi bakteria sekum melalui kaedah „PCR‟ 

menunjukkan bahawa diet dengan suplemen enzim telah mengurangkan bilangan 

populasi bakteria total, bakteria asid laktik, enterokokus, enterobakteria, Escherichia 

coli, bifidobakteria dan Salmonella spp. berbanding diet tanpa suplemen enzim. 

Selain itu, korelasi negatif yang signifikan (P<0.01) didapati antara populasi bakteria 

koliform (-0,97) dan Salmonella spp. (-0,84) dengan asid n-butirik dalam digesta 

sekum ayampedaging.Data semasa menunjukkan bahawa asid n-butirikmempunyai 

kesan toksik terhadap bakteria koliform dan Salmonella spp. Kesimpulannya, 

suplemen enzim dalam 20% diet mil isirong sawit hanya dapat meningkatkan berat 

badan ayam pedaging pada fasa pembesaran tetapi tidak pada fasa permulaan.Oleh 

itu, adalah disyorkan untuk mengurangkan jumlah mil isirong sawit dalam diet fasa 

awal ayam pedaging, kerana berat badan ayam pedaging diberi makan 20% mil 

isirong sawit tidak meningkat walaupun dengan suplemen enzim. 



© C
OPYRIG

HT U
PM

v 

 

ACKNOWLEDGEMENTS 
 
 

First and foremost I offer my sincerest gratitude toward my supervisor, Dr. Anjas 

Asmara Samsudin, and co-supervisors, Prof. Madya Dr. Azhar Kasim and also Dr. 

Mohd Hezmee Mohd Nor, whose had supported me throughout my work and thesis 

with patience, knowledge, guidance and support. I attribute the level of my Master 

Degree to their encouragement and effort and without them this thesis, too, would 

not have been written or completed. 

 

 

 In the various laboratory that I have engaged for a few month, I would like to give 

my deepest thanks and gratitude to all lecturers and staffs of Department of Animal 

Science, Faculty of Agriculture, Universiti Putra Malaysia for their advises and 

technical assistance during the laboratory work. I would also like to extend my 

appreciation and thank to Dr. Muhammad Fasaleh Jahromi, from animal production 

laboratory of Institute Tropical Agriculture, UPM for assisting me in molecular work 

of determining bacterial quantification using qPCR analysis. Not to forget, I would 

also like to thank Agro-Biotechnological Institute (ABI), MOSTI, Malaysia for 

letting me use their laboratory facilities such qPCR machine. 

 

 

Last, but not least, I would like to express my special thank to my beloved parents, 

Mr. Ahmad Daud and Mrs. Salmiah Mohd Amin, family and friends whose had 

encouraged, advised and supported me from the initial of the project until it 

completed. Lastly, I offer my regards and blessings to all of those who directly or 

indirectly supported me in any respect during the completion of the project. 



© C
OPYRIG

HT U
PM

vi 

 

I certify that a Thesis Examination Committee has met on 22 December 2014 to 

conduct the final examination of Sharmila binti Ahmadon her thesis entitled " Effect 

of Xylanase and Cellulase Supplementation on Early Growing Stage, Caecal 

Bacterial Population and Fermentation Profiles of Broiler Fed with Palm Kernel 

Meal " in accordance with the Universities and University Colleges Act 1971 and the 

Constitution of the Universiti Putra Malaysia [P.U.(A) 106] 15 March 1998. The 

Committee recommends that the student be awarded the Master of Science.  

 

Members of the Thesis Examination Committee were as follows: 

 

Ismail bin Idris, PhD 
Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Chairman) 

 

Dahlan bin Ismail, PhD 

Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Internal Examiner) 

 

Wan Zuhainis binti Saad, PhD 

Senior Lecturer 

Faculty of Biotechnology and Biomolecular Sciences 

Universiti Putra Malaysia 

(Internal Examiner) 

 

Wan Zahari bin Mohamed, PhD 

Professor 

Universiti Malaysia Kelantan 

Malaysia 

(External Examiner) 

 
 

    ZULKARNAIN ZAINAL, PhD 

    Professor and Deputy Dean 

    School of Graduate Studies 

    Universiti Putra Malaysia 

 

 

    Date: 26 February 2015 

 



© C
OPYRIG

HT U
PM

vii 

 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Master of Science. The 

members of the Supervisory Committee were as follows: 

 

Anjas Asmara Samsudin, PhD 

Senior Lecturer 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Chairman) 

 

Azhar Kasim, PhD 

Associate Professor 

Faculty of Agriculture 

Universiti Putra Malaysia 

(Member) 

 

Mohd Hezmee Mohd Noor, PhD 

Senior Lecturer 

Faculty of Veterinary 

Universiti Putra Malaysia 

(Member) 

 

 

 

 

BUJANG BIN KIM HUAT, PhD 

    Professor and Dean 

    School of Graduate Studies 

    Universiti Putra Malaysia 

 

 

    Date:  

 



© C
OPYRIG

HT U
PM

viii 

 

Declaration by graduate student 

 

 I hereby confirm that: 

 this thesis is my original work; 

 quotations, illustrations and citations have been duly referenced; 

 this thesis has not been submitted previously or concurrently for any other 

degree at any other institutions; 

 intellectual property from the thesis and copyright of thesis are fully-owned 

by Universiti Putra Malaysia, as according to the Universiti Putra Malaysia 

(Research) Rules 2012; 

 written permission must be obtained from supervisor and the office of Deputy 

Vice-Chancellor (Research And Innovation) before thesis is published (in the 

form of written, printed or in electronic form) including books, journals 

modules, proceedings, popular writings, seminars papers, manuscripts, 

posters reports, lecture notes, learning modules or any other materials as 

stated in the Universiti Putra Malaysia (Research) Rules 2012; 

 there is no plagiarism or data falsification/fabrication in the thesis, and 

scholarly integrity is upheld as according to the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra 

Malaysia (Research) Rules 2012. The thesis has undergone plagiarism 

detection software. 

 

 

Signature:                                     Date:   

 

Name and Matric No.: Sharmila binti Ahmad (GS32836) 

 



© C
OPYRIG

HT U
PM

ix 

 

Declaration by Member of Supervisory Committee 

 

 This is to confirm that: 

 the research conducted and the writing of this thesis was under our 

supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia 

(Graduate Studies) Rules 2003 (Revision 2012-2013) are adhered to. 

 

 

Signature: 

Name of 

Chairman of 

Supervisory 

Committee: 

 

 

Signature: 

Name of 

Member of 

Supervisory 

Committee: 

 

Signature: 

Name of 

Member of 

Supervisory 

Committee: 

 

 



© C
OPYRIG

HT U
PM

x 

 

TABLE OF CONTENTS 

 

 Page 

ABSTRACT i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES xiv 

LIST OF FIGURES xv 

LIST OF ABBREVIATIONS xvi 

 

CHAPTER   

1 INTRODUCTION 1 

   

2 LITERATURE REVIEW 5 

 2.1 Poultry industry in Malaysia 5 
             2.1.1 Constraints/ limitations in poultry industry 5 

 2.1.1.1 Cost of feeding and feed availability 5 
 2.2       Fiber digestion in poultry 6 

 2.3       Poultry caecal development in relation to fiber 

feeding 

6 

 2.4 Palm kernel meal (PKM)  7 

             2.4.1 Production of PKM 7 

             2.4.2 Nutritional content of PKM 10 

             2.4.3 The use of PKM in poultry diets 11 

             2.4.4 Improving the nutritional value of PKM for  

                     poultry 

12 

 2.5 The use of non-starch polysaccharides (NSPs) 

enzymes in poultry diets 

15 

             2.5.1The use of xylanase in poultry diets 16 

             2.5.2The use of cellulase in poultry diets 17 

 2.6 Bacteria involvement in the fermentation of feed in 

poultry caecum 

18 

             2.6.1 Caeca and feed digestion in poultry 18 

             2.6.2 Bacterial population in poultry caeca 19 

             2.6.3 Caecal bacteria involve with caecal  

fermentation 

20 

                     2.6.3.1 Lactic acid bacteria (LAB) 20 

                     2.6.3.2 Fiber/NSPs degrading bacteria 21 

 2.7 Effect of enzymes supplementation on gut 

microflora of poultry 

21 

 2.8 Gastrointestinal tract microorganism identification 22 

 2.9 Method used to study and indentified the caecal 

bacterial community 

23 

              2.9.1 Culture dependent-method 23 

              2.9.2 Culture independent-method 23 



© C
OPYRIG

HT U
PM

xi 

 

 3.0        Conclusion 24 

   

3 GENERAL MATERIALS AND METHODS 25 

 3.1        Proximate analysis 25 
 3.1.1 Determination of dry matter (DM) 25 

 3.1.2 Determination of ash 25 
 3.1.3 Analysis of crude protein (CP) 25 
 3.1.4 Analysis of ether extract (EE) 26 

 3.1.5 Analysis of crude fiber (CF) 26 
 3.2 Quantification of volatile fatty acids 26 

             3.2.1Preparation of standard 26 
                     3.2.1.1 External standard 26 
                     3.2.1.2 Internal standard 27 

             3.2.2Volatile fatty acids determination using gas 

chromatography 

27 

 3.3       Quantification of ammonia 27 
             3.3.1Solution preparation 27 

                     3.3.1.1 Phenol solution 27 
                     3.3.1.2 Sodium nitroprusside 28 

                     3.3.1.3 Alkaline reagent 28 
                     3.3.1.4 Sodium hypochlorite 28 

                     3.3.1.5 Oxidizing solution 28 
             3.3.2Preparation of standard 28 
             3.3.3Quantification of ammonia using 

spectrophotometer 

28 

 3.4        Analysis of amino acid (AAs) 29 

 3.4.1 Preparation of feed samples 29 

                     3.4.1.1 Acid hydrolysis 29 

                     3.4.1.2 Perfomic oxidation 30 

                     3.4.1.3 Alkaline hydrolysis 30 

 3.5        Preparation of enzymes 30 
 3.6        Preparation of formulated diets 30 
 3.7        Statistical analysis 32 

   

4 IN-VITRODETERMINATION OF CAECAL 

FERMENTATION PROFILES OF PKM DIET IN 

RESPONSE TO XYLANASE AND CELLULASE 

SUPPLEMENTATION 

33 

 4.1 Introduction 33 

 4.2 Materials and methods 34 

             4.2.1 Preparation of caecal digesta 34 
             4.2.2Preparation of basal media 34 
       4.2.2.1 Media 34 
                      4.2.2.2 Basal solution 34 
       4.2.2.3Reducing agent 35 

                      4.2.2.4 Bicarbonate solution 35 
       4.2.2.5Vitamin/phosphate solution 35 
                      4.2.2.4 Bicarbonate solution 35 
             4.2.3 Substrate preparation 35 
             4.2.4Method of incubation 36 



© C
OPYRIG

HT U
PM

xii 

 

             4.2.5Samples collection for quantification of VFAs 

and ammonia 

36 

 4.3 Results 36 
 4.3.1 In-vitro fermentation profiles 36 
 4.3.1.1 Volatile fatty acids and ammonia production 36 

                      4.3.1.2Gas production profiles 38 

             4.3.2 Fermentation kinetics 39 

 4.4 Discussion 41 

 4.4.1In-vitro fermentation profiles and gas            

production 

41 

 4.4.2In-vitro fermentation kinetics and IVDMD 42 

 4.5 Conclusion 42 

   

5 EFFECT OF XYLANASE AND CELLULASE 

SUPPLEMENTATION ON EARLY GROWTH 

PERFORMANCE, VOLATILE FATTY ACIDS AND 

CAECAL BACTERIA POPULATION OF BROILER 

CHICKENS FED WITH PKM DIET 

43 

 

 5.1 Introduction 43 

 5.2 Materials and methods 44 

             5.2.1 Location 44 

             5.2.2 Birds and diets 44 
             5.2.3 Microbiological analysis 45 

       5.2.3.1Preparation of agar 45 

       5.2.3.2Preparation of bacterial enumeration 46 

 5.3 Results 46 

             5.3.1 Early growth performance 46 

             5.3.2 Caecal microbial count  48 

             5.3.3 Caecal VFAs profiles 48 

             5.3.4 Correlation between caecal bacteria and VFAs 49 

 5.4 Discussion 50 

             5.4.1 Early growth performance 50 

             5.4.2 Caecal bacterial enumeration  51 

             5.4.3 Caecal VFAs profiles 52 

             5.4.4 Correlation between caecal bacteria population 

and VFAs 

53 

 5.5 Conclusion 

 

54 

6 QUANTIFICATION OF CAECAL BACTERIA 

POPULATION IN RESPONSE TO XYLANASE AND 

CELLULASE SUPPLEMENTATION USING 

QUANTITAVTIVE REAL TIME-PCR ANALYSIS 

(qPCR) 

55 

 6.1       Introduction 55 
 6.2       Materials and methods 55 
             6.2.1 Preparation of caecal sample  55 
             6.2.2 Extraction of caecal DNA  56 

             6.2.3 Primers and SYBR Green of qPCR analysis 56 

             6.2.4 Preparation of standard curve 58 

 6.3       Results 59 



© C
OPYRIG

HT U
PM

xiii 

 

 6.4       Discussion 60 

 6.5       Conclusion 
 

61 

7 GENERAL DISCUSSION 63 

8 GENERAL CONCLUSION AND 

RECOMMENDATION 

65 

REFERENCES 66 

         APPENDICES 83 

         BIODATA OF STUDENT 86 

         LIST OF PUBLICATIONS 87 

 



© C
OPYRIG

HT U
PM

xiv 

 

LIST OF TABLES 

 

Table  Page 

 

2.1 Nutrient composition of solvent extracted and expeller  

pressed PKM 
 

10 

2.2 Amino acid contents and mineral contents of PKM 
 

11 

2.3 Recommended levels of PKM in broiler diets 
 

12 

2.4 Proximate analysis of raw PKM and fermented PKM of  

different fungal strain 

 

14 

2.5 Proximate composition (% dry matter) of raw and treated- 

PKM 

 

14 

3.1 Time and gradients pump setting for mobile phases used in 

HPLC 

29 

 

 

3.2 Ingredient composition and nutrient level (%) of PKM diet 

 

31 

4.1 In-vitrofermentation profiles of PKM diet supplemented with or 

without enzyme  

 

37 

4.2 In-vitro fermentation kinetics and IVDMD of PKM diet 

supplemented with or without enzyme  
 

40 

5.1 Growth performance (means ± SE) of broiler fed with 20% 

PKM diet supplemented with or without enzyme 
 

47 

5.2 The bacterial population in the caecal digesta (log10CFU/g 

digesta) fed 20% PKM diet supplemented with or without 

enzyme  
 

48 

5.3 The VFAs production in caecal digesta of broiler fed 20% PKM 

diet supplemented with or without enzyme 

 

49 

5.4 Correlation between VFAs and caecal bacteria population of 

broiler  

 

49 

6.1 The sequence of primers used targeting total bacteria, LAB, 

bifidobacteria, enterobacteria, E.coli and Salmonella spp. 

 

57 

6.2 Effect of xylanase and cellulase supplementation on cell counts 

of caecal bacteria (log10 of copy number/g DNA extract) 
59 



© C
OPYRIG

HT U
PM

xv 

 

LIST OF FIGURES 

 

Figure  Page 

 

2.1 Oil palm fruit and its shells 7 

 

2.2 The different type of oil palm fruits; E. guineensis fo. dura, E. 

guineensis var. pisifera and E. guineensis fo. tenera 

8 

 

 

2.3 Extraction of palm kernel oil 9 

 

4.1 Gas production profiles from fermentation of PKMdiet for 

starter and finisher supplemented or unsupplemented with 

xylanase or cellulase 

38 

 



© C
OPYRIG

HT U
PM

xvi 

 

LIST OF ABBREVIATIONS 

 

ADF Acid detergent fiber 

ADFCR Average daily feed conversion ratio 

ADFI Average daily feed intake 

ADG Average daily gain 

ADL Acid detergent lignin 

AME Apparent metabolizable energy 

CF Crude fiber 

CFCR Cumulative feed conversion ratio 

CFI Cumulative feed intake 

CFU Colony forming unit 

CP Crude protein 

CPKO Crude palm kernel oil 

CPO Crude palm oil 

Cq Quantification cycle 

CWG Cumulative weight gain 

DDGE Denaturing gradient gel electrophoresis 

DF Dietary fiber 

DNA Deoxyribonucleic acid 

E Amplification efficiency 

EE Ether extract 

g Gram 

GIT Gastrointestinal tract 

HCl Hydrochloric acid 

HFFS High fiber feedstuff 

hr Hour 

IVDMD In-vitro dry matter degradability 

LAB Lactic acid bacteria 

MPOB Malaysian palm oil board 

MU Million units 

NaOH Sodium hydroxide 

NDF Neutral detergent fiber 

NFE Nitrogen free extract 

NH3 Ammonia 

NSP Non-starch polysaccharide 

NTC No-template control 

PKM Palm kernel meal 

POS Palm oil sludge 

PPF Palm press fiber 

ppm Part per million 

qPCR Quantitative real-time polymerase chain reaction 

rRNA Ribosomal ribonucleic acid 

SBM Soybean meal 

spp Subspecies 

SSF Solid state fermentation 

TGGE Temperature gradient gel electrophoresis 

T-RFLP Terminal restriction fragment length polymorphism 

VFA Volatile fatty acid 



© C
OPYRIG

HT U
PM

xvii 

 

wt Weight 

X.L.D Xylose-lysine-Deoxycholate 
 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

1 
 

CHAPTER 1 
 

INTRODUCTION 
 

 

The used of agriculture by-products such as palm kernel meal (PKM) in broilers diet 

has been widely practiced worldwide. It could spare conventional feed ingredients 

such as maize and soybeans because it is relatively cheap, easily available (Onuh et 

al., 2010) and virtually has no competition between man and farm animals 

(Kperegbeyi and Ikperite, 2011). The PKM contains moderate amount of protein and 

energy (Alimon, 2004); however, the nutrient value of PKM is considered very low, 

due to poor amino acid contents particularly the essential amino acids such as lysine 

and methionine (Sundu et al., 2006) besides the high fiber content in the form of 

non-starch polysaccharides (NSPs) (Sekoni et al., 2008) contributed to its low 

inclusion in the broiler diet.  

 

 

It has been reported that, the optimum inclusion of PKM in broilers diet varied from 

one study to another. Sekoni et al. (2008) reported that PKM can be added in the diet 

of broilers up to 20%, without having any detrimental effect on their growth 

performances. In contrast, in a study conducted by Adrizal et al.(2011) found that the 

inclusion can be varied between 20 to 30%. In another study, Saenphoom et 

al.(2013) reported that 20% PKM can only be included in the grower diet of broilers, 

whilst they observed that 5% PKM can be added in the starter diet of broilers without 

impairing their growth performances. However, there is still lack of information on 

the optimum utilization of PKM in thestarter diet of broilers.  

 

 

The used of high fiber feedstuff such PKM in the broiler diets can impair the 

digestibility of the diet due to fact that broilers have a limited capacity to assimilate 

dietary fiber because they lack of fiber digestive enzymic activity in their gastro-

intestinal tract. The digestibility of feed, particularly apparent nitrogen and calcium 

retention is found to decrease with the inclusion of PKM, although the feed intake is 

increased (Sundu et al., 2005). Reducing in apparent nitrogen digestibility for 

example, indicates that the protein of PKM is entrapped in the cell walls, making it 

unavailable and difficult for digestive enzymes to digest it and to be absorbed by 

broilers. Furthermore, contamination of PKM with the nut shell also contributed to 

the poor digestibility of PKM by broilers. Since the digestibility of PKM is very low, 

efforts are made to improve the digestibility and utilization of PKM by broilers. 

Previously, several studies have shown that the supplementation of exogenous 

enzyme in the PKM diet for example, could improve its nutritive quality and make it 

more available to the broilers through the enhance in the digestibility of nutrients 

entrapped in the cell wall of PKM (Chong et al., 2008; Sekoni et al., 2008). 

 

 

The research on feeding of high fiber feedstuffs to broilers is typically focusing on 

their detrimental effect on the digestibility of feed and performance of broilers. 

However, there is still lack of understanding on how fiber is actually degraded in the 

intestinal tract, particularly in the caeca, and the potential of feeding high fiber 
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feedstuffs such as PKM to broilers. It has been reported that, dietary fibers are 

fermented in the caeca by caecal microorganisms which produces end products such 

as volatile fatty acids (VFAs) that play an important role in controlling the 

proliferation of pathogenic bacteria such as Salmonella spp. (van der Weilan, 2000). 

The assessment of high fiber feedstuffs fermentability by caecal and/or faecal 

microorganism can be measured by measuring the gas production (Menke et al., 

1979), and a study conducted by McLean et al. (2004) showed that supplementation 

of enzymes in the high fiber diet had influenced the fermentation characteristic of the 

diet tested. Thus, it is also important to examine the extent of fiber fermentation in 

the caeca of broilers in response to enzyme supplementation, and it effects on 

microbial population in the caeca. 

 

 

In general, the basis of inclusion of enzyme in PKM diet of broilers is to reduce the 

effect of non-starch polysaccharides in PKM especially to promote their growth 

performance through the increases in broilers‟ feed efficiency and digestibility. 

However, there is no report on their effect on the fermentation profiles of PKM diet 

in the caeca of broilers and on caecal bacteria population. The use of exogenous 

enzymes could improved the nutritional value of broilers diet, facilitate the growth of 

beneficial gut microflora of broilers and consequently, improve the utilization of 

feeds by maximizing the conversion of dietary nutrients into broilers meat (Bedford 

and Coweison, 2012). Thus, this study was conducted to study the effect of dietary 

enzymes supplementation on early growth performance, caecal fermentation profiles 

and caecal bacteria population of broilers fed with PKM diet. 
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1.1 RESEARCH HYPOTHESIS 
 

 

The supplementation of xylanase and cellulase in PKM diet fed to broilers will 

influence the caecal fermentation characteristics of PKM diet, will improve the early 

growth performances of broilers, and will also reduce the population of pathogenic 

bacteria in the caecum. 

 

 

1.2 OBJECTIVES 
 

 

i. To examine the fermentation profiles of caeca in response to xylanase and 

cellulase supplementation. 

 

 

ii. To determine the effect of xylanase and cellulase supplementation in 

PKMdiet on the early growthperformance of the broilers. 

 

 

iii. To determine the effect of xylanase and cellulasesupplementation in 

PKMdiet on caecal bacteria counts and population through culture method 

and real-time PCR analysis. 

 

 

iv. To determine the effect of xylanase and cellulase supplementation in 

PKMdiet on the VFAs production of caecal digesta. 
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