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The present study was undertaken to investigate the effects of phenolic monomers on
the enzymes and fermentation activities of a rumen fungus, Neocallimastix frontalis,
and to evaluate the ability of the fungus to colonize and degrade guinea grass which
contained large amount of phenolic monomers. From 115 isolates of N. frontalis,
15 isolates of Piromyces mae and 3 isolates of Orpinomyces joyonii obtained from
rumens of cattle and buffalo, a representative isolate of each species was selected for
further studies on its cellulolytic activity. Neocallimastix frontalis B15, P. mae B6
and O. joyonii C3 were selected based on their good growth in straw and ball-milled
filter paper media, and on their ability to maintain zoosporogenesis and viability in
the subcultures. '*C-labelled bacterial (4. xylinum) cellulose was used to determine
the cellulolytic activity of the three rumen fungal species and the effects of phenolic
acids (p-coumaric and ferulic acids) on the activity. The results showed that M.
frontalis B15 had the highest cellulolytic activity, and the phenolic acids had an
inhibitory effect on the activity. Other N. frontalis strains isolated from buffalo (B9),

cattle (C20) and goat were (G8) further characterized for their cellulolytic activities,
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and a strain, N. frontalis B9, which showed the highest activity was chosen for

subsequent studies.

The enzymes produced by N. frontalis B9 grown in filter paper or guinea grass media
included, CMCase, FPase, xylanase, B-glucosidase and B-xylosidase. The maximum
production of all the enzymes was at 72 h of incubation. The activities of the
enzymes in filter paper media in descending order were: CMCase > xylanase >
FPase > [-glucosidase, and in guinea grass media were: xylanase >
carboxymethylcellulase > FPase > p-xylosidase > B-glucosidase.  Phenolic
monomers were found to inhibit the production of the enzymes and fermentation
activity of N. frontalis B9 in varying degrees. Of the four phenolic monomers,
p-coumaric and ferulic acids were the most inhibitory and vanillin the least. The
fermentation end-products were also inhibited by the phenolic monomers.
Observations using scanning electron microscopy showed that N. frontalis B9 in
control cultures without phenolic monomers could extensively colonise and degrade
various tissues of guinea grass, but treatments with the phenolic monomers
significantly reduced the colonization and degradation of the grass fragments.
Phenolic monomers, particularly p-coumaric acid and ferulic acid also inhibited the
dry weight loss and reduction in the textural strength of the grass fragments by
N. frontalis B9, which indicated a reduction in the degradation of the grass
fragments. Neocallimastix frontalis B9 produced esterases that released ferulic and
p-coumaric acids from their methyl esters and guinea grass. Production of feruloyl
and p-coumaroyl esterases, coupled with the penetrative ability provided by fungal
rhizoids, provided a mechanism for the breakdown and subsequent utilization of the

phenolic ester-linked carbohydrates present in plant cell walls.

il
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KESAN MONOMER FENOLIK TERHADAP AKTIVITI ENZIM
DAN PENGHADAMAN OLEH KULAT RUMEN,
NEOCALLIMASTIX FRONTALIS
Oleh
WAN ZUHAINIS SAAD

Mei 2006

Pengerusi : Profesor Norhani Abdullah, PhD

Fakulti : Bioteknologi dan Sains Biomolekul

Kajian ini bertujuan untuk melihat kesan monomer fenolik terhadap aktiviti enzim
dan fermentasi kulat rumen, Neocallimastix frontalis dan melihat keupayaan kulat
ini menghadam rumput guinea yang mempunyai kandungan fenolik monomer yang
tinggi. Daripada 115 strain N. frontalis, 15 strain Piromyces mae dan 3 strain
Orpinomyces joyonii yang dipencil dari rumen lembu dan kerbau, tiga strain kulat
telah dipilih sebagai mewakili setiap spesies kulat untuk mengkaji aktiviti selulolitik
kulat tersebut. Neocallimastix frontalis B15, P. mae B6 dan O. joyonii C3 dipilih
berdasarkan pertumbuhan yang baik di dalam media jerami padi dan kertas turas,
serta keupayaan zoosporogenesis mereka. Penggunaan radiolabel "¢ ini bertujuan
untuk menentukan aktiviti selulolitik serta kesan monomer fenolik terhadap kulat
rumen tersebut. Keputusan kajian menunjukkan ketiga spesies kulat adalah
selulolitik, dengan N. frontalis menunjukkan aktiviti selulolitik yang tertinggi.

Aktiviti selulolitik N. frontalis dari 3 perumabh iaitu, kerbau (B9), lembu (C20) dan
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kambing (G8) tidak menunjukkan perbezaan yang signifikan tetapi aktiviti selulolitik
N. frontalis (B9) dari kerbau adalah lebih tinggi dari strain yang lain, oleh itu strain

tersebut telah dipilih untuk kajian seterusnya.

Neocallimastix frontalis B9 menghasilkan enzim berikut karboksimetilselulase,
filterpaperase, xilanase, B-glukosidase dan B-xilosidase apabila menghadam selulosa
media kertas turas dan rumput guinea. Perembesan enzim ini adalah maksimum
pada 72 jam waktu pengeraman kulat. Keaktifan enzim ini dalam media kertas turas
adalah karboksimetilselulase > xilanase > filterpaperase > B-glucosidase manakala
bagi media rumen guinea adalah xilanase > karboksimetilselulase > filterpaperase, >
B-xilosidase > P-glukosidase. Secara amnya, asid p-kumarik dan asid ferulik

perencat yang kuat dan vanilin adalah perencat yang terendah.

Dari ujikaji yang telah dijalankan, didapati N. frontalis B9 dapat mengkolonikan tisu
tumbuhan termasuk tisu berlignin dengan aktif dan baik bila tiada monomer fenolik.
Walau bagaimanapun, daripada ujikaji terhadap peratus kehilangan berat kering dan
kekuatan tekstur, monomer fenolik seperti asid p-kumarik dan asid ferulik didapati
merencat degradasi rumput guinea. Ini menunjukkan p-kumarik dan asid ferulik
adalah perencat yang lebih kuat dari p-hidroksibenzaldehide dan vanilin. Kajian ini
mendapati N. frontalis B9 mengeluarkan enzim-enzim esterase yang meleraikan
ikatan asid p-kumarik dan ferulik dari bentuk metil-ester masing-masing. Keupayaan
mengeluarkan enzim ini serta rizoid yang dapat menembusi tisu tumbuhan memberi
satu mekanisma untuk penggunaan karbohidrat yang terikat ke fenolik ester yang

hadir dalam tisu tumbuhan.



ACKNOWLEDGEMENTS

I wish to express my deepest appreciation and most sincere gratitude to the chairman
of the supervisory committee, Professor Dr. Norhani Abdullah, for her unending
patience, invaluable guidance, advice, helpful suggestions and critical comments
during the preparation of this thesis. She has also encouraged and motivated me, and

given me support throughout the course of this study.

I am also deeply grateful and indebted to Professor Dr. Ho Yin Wan for her
guidance, support, critical comments, constructive criticisms, advice, encouragement,
bright ideas, and exquisite attention to details throughout the course of my study and
during the preparation of this thesis. I am also deeply grateful to Professor Dr. Abdul

Razak Alimon for his kind assistance, and support during the course of my study.

My heartfelt appreciation goes to Mdm Haw Ah Kam, an agriculture officer at the
Digestive Microbiology Unit, Institute of Bioscience, who is also my dear friend, for

her support and kind assistance especially in the GC analysis.

I also wish to thank Mr. Khairul Kamar Bakri, Mr. Nagayah Muniandy, Mr.
Jivanathan Arumugam and Mr. Paimon Lugiman, staff of the Digestive
Microbiology Unit and Mr. Ibrahim Mohsin and Mr. Saparin Denim, staff of Animal

Nutrition Laboratory, for their technical support and kind assistance.

I must acknowledge the many friends [ have, whose friendship, hospitality,

knowledge and sense of humor have supported, enlightened and entertained me over

vi



the many years of my study. To my fellow labmates, my sincere thanks to
Chin Chin, Kala, Latiffah, Thongsuk, Darlis, Lan, Vicky, Lee, Fong Yee and Sidieq.

I will never forget the long rides and the long walks together.

Sincere thanks and appreciations are due to my mom, Miah binti Abdul Majid, dad,

sisters and Chi for their endless love and support.

There are people in everyone’s lives who make success both possible and rewarding.
Special thanks are due to my loving husband, M. Roslan Ismail, for his patience,
unconditional love, unending support and encouragement throughout the course of
this study. For my children who inspire and motivate me, this thesis is dedicated to
all of you: Amirul Afiqg Hamizan, Dayang Nur Syafiqah, Dayang Nur Arina, Dayang

Nur Zahira and Dayang Nur Nazihah.

Learning is an ornament in prosperity,
a refuge in adversity,
and a provision in old age.

Aristotle

vii



I certify that an Examination Committee has met on 18™ May 2006 to conduct the
final examination of Wan Zuhainis Saad on her Doctor of Philosophy thesis entitled
“Effects of Phenolic Monomers on Enzymatic and Fermentation Activities of
the Rumen Fungus, Neocallimastix frontalis” in accordance with Universiti Pertanian
Malaysia (Higher Degree) Act 1980 and Universiti Pertanian Malaysia (Higher
Degree) Regulations 1981. The Committee recommends that the candidate be
awarded the relevant degree. Members of the Examination Committee are as follows:

RAHA ABDUL RAHIM, PhD
Associate Professor
Faculty of Biotechnology and Biomolecular Sciences

Universiti Putra Malaysia
(Chairman)

ABDUL RANI BAHAMAN, PhD
Professor

Faculty of Veterinary Medicine
Universiti Putra Malaysia

(Internal Examiner)

ABDUL RAHIM ABDUL MUTALIB, PhD
Associate Professor

Faculty of Veterinary Medicine

Universiti Putra Malaysia

(Internal Examiner)

ABDUL JALIL ABDUL KADER, PhD
Professor

Faculty of Science and Technology
Universiti Kebangsaan Malaysia
(External Examiner)

HASANAH MOHD. GHAZALI, PhD
Professor/Deputy Dean

School of Graduate Studies

Universiti Putra Malaysia

Date:

viii



This thesis submitted to the Senate of Universiti Putra Malaysia and has been
accepted as fulfilment of the requirement for the degree of Doctor of Philosophy.
The members of the Supervisory Committee are as follows:

NORHANI ABDULLAH, PhD

Professor

Faculty of Biotechnology and Biomolecular Sciences
Universiti Putra Malaysia

(Chairman)

HO YIN WAN, PhD
Professor
Institute of Bioscience

Universiti Putra Malaysia
(Member)

ABDUL RAZAK ALIMON, PhD
Professor

Faculty of Agriculture

Universiti Putra Malaysia
(Member)

AINI IDERIS, PhD
Professor/Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

iX



DECLARATION

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.

WAN ZUHAINIS SAAD

Date:



TABLE OF CONTENTS

Page

ABSTRACT il
ABSTRAK v
ACKNOWLEDGEMENTS vi
APPROVAL viii
DECLARATION X
LIST OF TABLES XVi
LIST OF FIGURES XiX
LIST OF ABBREVIATIONS XX1V
CHAPTER

1 INTRODUCTION 1

2 LITERATURE REVIEW 4
2.1 The Rumen 4
2.2 Rumen Microorganisms 4
2.3 Anaerobic Rumen Fungi 5
2.3.1 Types of Rumen Fungi 8
2.4 Fiber Degradation by Anaerobic Fungi 1
2.4.1 Colonization of Plant Tissues 1
2.4.2 Degradation and Physical Weakening of Plant

Tissues 12
2.5 Substrate Utilization 13
2.6 Fermentation and Energy Metabolism 16
2.6.1 Hydogenosomes 16
2.6.2 Fermentation End-Products 17
2.7 Plant Biomass-Degrading Enzymes 18
2.7.1 Cellulases 19
2.7.2  Xylanases 20
2.7.3 Pectin Degrading Enzymes 21
2.7.4 Esterases 22
2.7.5 Proteolytic Activity 23
2.8 Phenolic Compounds of Plant Cell Walls 23
2.8.1 Effects of Phenolic Compounds on Rumen
Microbes 26
2.8.2 Effects of Phenolic Compounds on Fiber
Degradation 28
2.8.3 Degradation of Phenolic Monomers 29

3 ISOLATION AND IDENTIFICATION OF

ANAEROBIC RUMEN FUNGI 31
3.1 Introduction 31
3.2 Material and Methods 32

3.2.1 Preparation of Culture Medium 32

3.2.2 Isolation and Identification of Anaerobic Rumen
Fungi 34

xi



3.3 Results

3.3.1

3.3.2

333

Morphological Characteristics of
Neocallimastix frontalis Isolates
Morphological Characteristics of Piromyces
mae Isolates

Morphological Characteristics of Orpinomyces

Jjoyonii Isolates

3.4 Discussion

36

36

41

43
44

DETERMINATION OF CELLULOLYTIC ACTIVITY

OF RUMEN FUNGI ON “C-CELLULOSE
4.1 Introduction

4.2 Materials and Methods

4.2.1
4.2.2
423
424

4.2.5

4.2.6

4.2.7

Growth and Culture Maintenance of
Acetobacter xylinum

Preparation of '*C-Cellulose

Harvesting of '“C-Cellulose

Determination of the Specific Activity of
"C-Cellulose

Determination of the Solubilization Rate of
C-Cellulose by N. frontalis B15, P. mae B6
and O. joyonii C3

Determination of the Solubilization Rate of
C-Cellulose by N. frontalis from buffalo, cattle
and goat

Effects of p-Coumaric and Ferulic Acids on the
Solubilization of *C-Cellulose by N. frontalis
from Buffalo

4.3 Results

4.3.1

432

433

4.3.4

Cellulose Production from Glucose by
Acetobacter xylinum

Solubilization Rate of '*C-Cellulose by

N. frontalis B15, P. mae B6 and O. joyonii C3
Solubilization Rate of "*C-Cellulose by

N. frontalis from buffalo, cattle and goat
Effects of p-Coumaric and Ferulic Acids on the
Solubilization of *C-Cellulose by N. frontalis
from Buffalo

4.4  Discussion

EFFECTS OF PHENOLIC MONOMERS ON THE
ENZYMES AND FERMENTATION ACTIVITY OF
N. FRONTALIS B9 GROWN IN BALL-MILLED
FILTER PAPER MEDIUM

5.1 Introduction

5.2 Materials and Methods

5.2.1
522

Preparation of Cultures
Growth and pH of Cultures

49
49
50
50
51
51

52

53

55

56

57

57

58

61

64
67

73
73
74
74
75

xii



5.23
524
5.2.5

Enzymes Assays
Analysis of Fermentation End-Products
Statistical Analysis

5.3 Results

5.3.1

532

5.33
534
5.35

Degradation of Ball-Milled Filter Paper by
N. frontalis B9

Effects of Phenolic Monomers on the
Carboxymethylcellulase, Filterpaperase,
Xylanase and B-Glucosidase Activities of
N. frontalis B9

VFA Production

Organic Acid Production

Formate Production

5.4 Discussion

EFFECTS OF PHENOLIC MONOMERS ON PLANT
CELL WALL DEGRADING ENZYMES AND
VOLATILE FATTY ACID PRODUCTION OF

N. FRONTALIS B9 GROWN IN GUINEA GRASS

MEDIUM

6.1 Introduction
6.2 Materials and Methods

6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.2.6

6.3 Results

6.3.1

Guinea grass

Preparation of Media

Enzyme Assays

Protein Determination
Determination of Volatile Fatty Acid
Statistical Analysis

Effects of Phenolic Monomers on the Activities

of Plant Cell Wall Degrading Enzymes of
N. frontalis B9

6.4 Discussion

EFFECTS OF PHENOLIC MONOMERS ON

PHYSICAL DEGRADATION OF GUINEA GRASS BY

N. FRONTALIS B9
7.1 Introduction
7.2 Materials and Methods

7.2.1
7.2.2

7.23

7.2.4

7.2.5

Preparation of Guinea Grass Segments
Determination of Dry Weight Loss of Guinea

Grass Segments Degraded by N. frontalis B9 in

Media With and Without Phenolic Monomers
Determination of Textural Strength of Guinea

Grass Segments Degraded by N. frontalis B9 in

Media With and Without Phenolic Monomers
Preparation for Scanning Electron Microscopy
(SEM)

Statistical Analysis

75
78
80
80

80

83
&9
90
92
94

101
101
101
101
102
103
104
104
104
105

105
116

122
122
123
123

123

124

125
126

xiii



7.3 Results 127
7.3.1 Effects of Phenolic Monomers on Dry Weight
Loss of Guinea Grass Segments Degraded by
N. frontalis B9 127
7.3.2  Effects of Phenolic Monomers on Textural
Strength of Guinea Grass Segments Degraded

by N. frontalis B9 128
7.3.3 Colonization and Digestion of Guinea Grass by
N. frontalis B9 131
7.4 Discussion 145

PRODUCTION OF PHENOLIC MONOMERS
IN VITRO BY N. FRONTALIS B9 AND IN VIVO IN

THE RUMEN 150
8.1 Introduction 150
8.2 Materials and Methods 151
8.2.1 Preparation of Culture Filtrate 151
8.2.2 Preparation of Substrates 151
8.2.3 p-Coumaroyl and Feruloyl Esterases Assays 153

8.2.4 Determination of The Amounts of Phenolic
Monomers Released by Treatment with Sodium

Hydroxide 154
8.2.5 Production of Esterases by N. frontalis B9

Grown in Various Plant Materials 155
8.2.6  Protein Determination 155
8.2.7 Estimation of Total Phenolic Monomers

Released in the Rumen 156
8.2.8 GC Analysis 157
8.2.9 Statistical Analysis 157

8.3 Results 157

8.3.1 Synthesis of Methyl p-Coumarate and Methyl

Ferulate (Methyl Esters) 157
8.3.2 Release of p-Coumaric Acid and Ferulic Acid

from Methyl Esters as Substrates 158
8.3.3 Released of p-Coumaric Acid and Ferulic Acid

from Guinea Grass Cell Wall as Substrates 159
8.3.4 Determination of Alkali-Labile Phenolic

Monomers Released by NaOH Treatment 160
8.3.5 Esterases Activities of N. frontalis B9 Culture

Filtrate Grown on Various Substrates 162
8.3.6 Production of Phenolic Monomers in the

Culture Supernatant of N. frontalis B9 in vitro 164
8.3.7 Production of Phenolic Monomers Released In

The Rumen 165

8.4 Discussion 168

X1v



9 GENERAL DISCUSSION AND CONCLUSION

9.1 General Discussion
9.2 Conclusion

BIBILIOGRAPHY
APPPENDICES
BIODATA OF THE AUTHOR 210

173

173
184

185
208

XV



