
 
 

 
INHIBITORY EFFECTS OF THE CRUDE EXTRACT FROM Xylaria sp. ON 

SEVERAL PATHOGENIC FUNGI 
 

 
 
 
 
 
 
 
 
 

 
NURUL ASYIQIN BINTI AZIZI 

 
 
 
 
 
 
 
 
 
 
 
 

FH 2019 46 



INHIBITORY EFFECTS OF THE CRUDE EXTRACT FROM Xylaria sp. ON 
SEVERAL PATHOGENIC FUNGI 

By 

NURUL ASYIQIN BINTI AZIZI 

A Project Report Submitted in Partial Fulfilment of the Requirements 

For the Degree of Bachelor of Forestry Science in the  

Faculty of Forestry 

Universiti Putra Malaysia 

2019 

© C
OPYRIG

HT U
PM



i 
  

DEDICATION 

 

“ Do not say it is wheat until you harvest it.” – Arabic proverb  

I am dedicating all of my hard works for my beloved family, Forestry Faculty 

and my friends, especially to the person who always be by my side and keep 

on motivating me to strive for excellence. Upon this completed thesis, I am 

cherishing over myself for my hard work and commitment. 

Dear my beloved: 

Dad, Azizi Bin Rosli and mum, Kornia Binti Ahmat 

Thank you for all the motivations, hard works, efforts and loves. I am lucky 

enough to be growing up in this family. My home is such a fortress, my 

safety hide-out, that I will always look for it whenever I feel unmotivated. 

 

Project supervisor, Prof. Dr. Rozi Mohamed 

Thank you for showing me what is a great and respected teacher looks like. 

I will never forget the first impression you left us in our first class. 

 

Baba (my late Grandpa) 

I am dedicating my Bachelor’s degree for you. This is your dream to see one 

of your grandchildren to have an achievement in the tertiary education. I 

thought that we still have much time to make you attend my graduation day. 

However, Allah loves you more than I can ever love you. 

 

  

© C
OPYRIG

HT U
PM



ii 
  

ABSTRACT 

The genus Xylaria belongs to the phylum Ascomycota from the kingdom 
Fungi. A majority of the Xylaria species are known plant endophytes. Some 
have properties against phytopathogenic fungi, however, scientific evidence 
on the presence of the active compounds in Xylaria spp. is limited. Here, the 
inhibitory effects of an isolate of Xylaria sp. were demonstrated against three 
species of phytopathogenic fungi.  Xylaria sp. crude extract (XCE) was 
obtained from a 14-day Potato Dextrose Broth (PDB) culture using ethyl 
acetate (EtOAc) as solvent. Non-volatile assays revealed that the XCE had 
the strongest inhibitory effect on the growth of Ceratocystis fimbriata from 
79% to 100% rate of antifungal activity (AFA), followed by Fusarium 
oxysporum, 26% to 53%. There was little to no inhibition against Phellinus 
noxius. The XCE was further purified using a silica gel column yielding six 
different eluents (XH, XHD, XD, XDM, XMH, XM) and tested against 
Ceratocystis fimbriata in disc-diffusion assay. XH gave the highest average 
AFA (26%), followed by XDM (21%), while the other eluents exerted 
between 9% to 17% inhibition. Further studies should identify the potential 
compounds in XH against C. fimbriata. 
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ABSTRAK 

Genus Xylaria berada di dalam filum Ascomycota yang terdiri daripada 
kumpulan Kulat. Majoriti spesis daripada genus Xylaria dikenali sebagai 
endofit tumbuhan. Sebahagian kulat dari genus ini mempunyai sifat 
melawan kulat patogenik yang menyerang tumbuhan, namun begitu, 
pembuktian saintifik mengenai kewujudan kompone aktif di dalam Xylaria 
spp. adalah terbatas. Maka, kajian ini mendemonstrasikan kesan 
penghalangan tumbesaran daripada ekstrak mentah isolasi Xylaria sp. 
terhadap tiga spesis kulat patogenik tumbuhan. Ekstrak mentah Xylaria sp. 
(XCE) ini diperolehi daripada kultur ‘Potato Dextrose Broth’ (PDB) selama 
14 hari dan diekstrak menggunakan etil asetat (EtOAc) sebagai pelarut. 
Ujian ‘non-volatile’ mendapati bahawa kesan penghalangan terbaik berlaku 
Ceratocystis fimbriata dengan kadar aktiviti antikulat (AFA) sebanyak 79% 
hingga 100%, diikuti dengan kesan sederhana AFA ke atas Fusarium 
oxysporum, 26% hingga 53%. Walaupun begitu, Phellinus noxius 
menunjukkan kesan AFA paling rendah hingga tiada kesan. Ekstrak EtOAc 
dilakukan pengasingan lanjut dengan menggunakan kolum gel silika Sep-
pak kepada enam eluen (XH, XHD, XD, XDM, XMH, XM). Keenam-enam 
eluen tersebut diuji menggunakan ‘disk-diffusion assays’ ke atas 
Ceratocystis fimbriata, memberi keputusan bahawa kesan AFA terbaik 
adalah daripada XH dengan catatan 26% kesan terhadap tumbesaran kulat, 
diikuti oleh XDM sebanyak 21% serta meninggalkan baki empat eluens lain 
dengan kadar AFA di antara 9% hingga 17%. Kajian lanjut perlu diadakan 
bagi mengenalpasti kompaun yang terdapat di dalam eluen XH terhadap C. 
fimbriata.  

 

 

 

 

 

 

 

 

 

 

 

  

© C
OPYRIG

HT U
PM



iv 
  

ACKNOWLEDGEMENTS 

 

I would like to express my endless gratitude to my supervisor, Prof. Dr. Rozi 

Mohamed for her guidance throughout this project. I was able to conduct 

and complete this study due to her support. I hope this study could be useful 

for the forest industry sector. Thank you for all the knowledge and time 

spent, guidance with patience and for the constructive advices to make us 

into a good student and researcher in the future. You are a great teacher 

that had all my respects since the first class I have learnt with you.  

I would like to thank my laboratory mate, Rasyiffa’ Hayati Binti Rasidan. We 

have spend our time and thought together, to figure out how to solve a 

problem, improving our skills and sharing the ideas throughout this project. I 

appreciate your hard work and commitments, we had go through thick and 

thin until we finish the project successfully. 

I am very grateful to have met Dr. Lee Syiou Yih, Muhammad Syahmi 

Hishamuddin, Ahmad Syazwan Samsuddin, Tuan Noraida Tuan Hamzah 

and Mdm. Noorfaizan Anuar (Science Officer). Thank you for all the tips, 

guidance, knowledge and advices since the first day I put my step into our 

beloved Forest Biotechnology Laboratory. These people have makes my 

day better, increase my knowledge greater and thought me to be nicer. 

Thank you for helping and guiding me with the laboratories works and help 

me improving the quality of my writing. I cherish all the knowledge that I had 

acquired from them to be use in the future. May Allah grant them with good 

deeds. 

Finally and foremost, I would like to thanks my family and friends for their 

extra ordinary support, including moral and physical supports throughout this 

research and the whole four years of study. May Allah grant us with His 

Grace and Mercy. 

 

 

© C
OPYRIG

HT U
PM



v 
  

APPROVAL SHEET 

I certify that this research project report entitled “Inhibitory Effects Of The 
Crude Extract From Xylaria sp. On Several Pathogenic Fungi” by Nurul 
Asyiqin Binti Azizi has been examined and approved as a partial fulfilment of 
the requirements for the Degree of Bachelor of Forestry Science in the 
Faculty of Forestry, Universiti Putra Malaysia.   

 

: 

 

 

 

______________________________________________ 

Prof. Dr. Rozi Mohamed 
Faculty of Forestry 
Universiti Putra Malaysia 
(Supervisor) 
 

 

 

 

_______________________________________________ 

Prof. Dr. Mohamed Zakaria Bin Hussin 
Dean 
Faculty of Forestry 
Universiti Putra Malaysia 
 

 

 

Date: May 2019  

 

 

  

© C
OPYRIG

HT U
PM



vi 
  

TABLE OF CONTENTS 

 Page 

DEDICATION i 

ABSTRACT ii 

ABSTRAK iii 

ACKNOWLEDGEMENTS iv 

APPROVAL SHEET v 

LIST OF TABLES viii 

LIST OF FIGURES ix 

LIST OF ABBREVIATIONS xii 

  
CHAPTER  
1    INTRODUCTION 1 

1.1 General Background 1 
1.1.1 Endophyte Fungi and Secondary Metabolites 1 
1.1.2 Secondary metabolites produced by Xylaria sp. 1 

1.2 Problem Statement 3 
1.3 Research Objectives 4 

  
2   LITERATURE REVIEW 5 

2.1 Fungi 5 
2.1.1 Endophytes Concept – Endophytic Fungi 6 
2.1.2 Phytopathogen Concept – Pathogenic fungi 9 

2.2 The Discovery of Functional Secondary Metabolites 11 
2.3 History of Natural Products for Drug Discovery 13 
2.4 Xylariaceae 16 

2.4.1 Background of Xylaria Hill ex Schrank 18 
2.4.2 Secondary metabolites produced by Xylaria sp. 19 

2.5 Pathogenic Fungi 23 
2.5.1 Ceratocystis fimbriata 23 
2.5.2 Fusarium oxysporum 25 
2.5.3 Phellinus noxius 28 

2.6 Methods of Experiments 30 
2.6.1 Plate cultures 30 
2.6.2 Liquid Cultures 30 
2.6.3 Liquid-Liquid Extraction (LLE) 31 
2.6.4 Antimicrobial Susceptibility Testing 32 
2.6.5 Gradient Elution Method 34 

  
3    MATERIALS AND METHODS 35 

3.1 Fungal Materials 35 
3.2 Media Preparation 35 
3.3 Subculturing 36 
3.4 Liquid culture of Xylaria sp. 37 
3.5 Xylaria sp. Crude Extract (XCE) 38 
3.6 In vitro Bioassays – Non-volatile Tests 41 

© C
OPYRIG

HT U
PM



vii 
  

3.6.1 Effect of XF Incubation Days 41 
3.6.2 Effect of Different XF Concentration 42 
3.6.3 Well-diffusion Assays  42 
3.6.4 Well-diffusion Assays on Ceratocystis fimbriata 44 

3.7 Xylaria sp. Crudes Extracts (XCE) Purification Using 
Sep-Pak Column 

45 

3.8 Disk-diffusion Assays of Purified Extract 45 
3.9 Data Analysis 46 

  
4    RESULTS AND DISCUSSION 48 

4.1 In vitro Bioassays – Non-volatile Tests 48 
4.1.1 Effect of XF Incubation Days 49 
4.1.2 Effect of Different XF Concentration 50 
4.1.3 Well-diffusion Assays 54 
4.1.4 Well-diffusion Assays on Ceratocystis fimbriata 54 

4.2 Xylaria sp. Crudes Extracts (XCE) Purification Using 
Sep-Pak Column 

56 

4.3 Disk-diffusion Assays of Purified Extract 58 
  
5    CONCLUSION AND RECOMMENDATIONS 60 
  
REFERENCES 62 
  
APPENDICES 67 

Appendix A 67 
Appendix B 68 
Appendix C 69 
Appendix D 70 
Appendix E 72 
Appendix F 73 

 

 

 

  

© C
OPYRIG

HT U
PM



viii 
  

LIST OF TABLES 

Table  Page 

3.1 Classification of inhibitory effects levels (Mori et al., 1995 
cited in Lomell-Ramirez et al., 2016) 

47 

4.1 Antifungal activity (AFA) of Xylaria sp. filtrates (XFs) 
collected after 7, 14 and 21 days of incubation on three 
species of phytopathogenic fungi. 

49 

4.2 Antifungal activity (AFA) of Xylaria sp. filtrates (XFs) of 
different PDA/XF ratios on three species of phytopathogenic 
fungi. 

50 

4.3 One-way ANOVA analysis and description of different 
incubation days of Xylaria sp. liquid culture influence the 
inhibitory effect of C. fimbriata 

55 

4.4 One-way ANOVA analysis of six elution inhibitory effects and 
description of the data (below). 

58 

 

  

© C
OPYRIG

HT U
PM



ix 
  

LIST OF FIGURES 

Figure  Page 

2.1 a) Left - Upper surface of whitish silky Xylaria sp. mycelia 19 

 b) Right – Under surface of Xylaria sp. with brownish pigment  

2.2 a) Left - The upper surface of Ceratocystis fimbriata with 
blackish green powdery spores 

24 

 b) Right - The under surface clearly shows dark-greenish 
mycelial mat 

 

2.3 a) Left - Whitish cottony mycelium on the dark purple 
Fusarium oxysporum mycelial mat 

26 

 b) Right - Dark purple pigmented mycelial mat from the 
underside 

 

2.4 a) Brown irregular lines on the upper surface of Phellinus 
noxius 

28 

 b) Right - A deep dark brown mycelial mat over age  

3.1 Subculturing work using aseptic technique in the Laminar flow 
hood 

36 

3.2 a) Left – Xylaria sp. fungal plug in the PDB 37 

 b) Right - Sealed conical flask incubated for 14 days liquid 
cultures 

 

3.3 Filtering out the mycelial mats from the liquid culture of 
Xylaria sp. The resulting filtrate (XF) was used in subsequent 
steps. 

38 

3.4 a) Left - Separating funnel setup in the fume hood 39 

 b) Right - Two immiscible layers of different density; upper 
layer is the EtOAc while lower layer is the PDB remaining 

 

3.5 A well-diffusion assay using Xylaria sp. filtrate (XF) on the 
phytopathogenic fungus, Fusarium oxysporum 

43 

3.6 A well-diffusion assay using 2-day-old Xylaria sp. Filtrate (XF) 
against Ceratocystis fimbriata 

44 

3.7 A disc-diffusion assay 46 

4.1 P. noxius mycelial mat on upper surface, presents of 
brownish pigment on mycelia 

52 

 a) Left - P. noxius in 10% XF/PDA  

 b) Right - P. noxius of negative control 

 

 

© C
OPYRIG

HT U
PM



x 
  

4.2 P. noxius mycelial mat decrease in density in the 50% 
XF/PDA, absents of brown pigment 

52 

 a) Left - Upper surface, whitish thin layer mycelia mat  

 b) Right - Under surface of the thin layer mycelial mat  

4.3 Changes on the morphological characters of P. noxius 
mycelial mat in response to the different concentration of 
XF/PDA 

53 

 a) Left - The upper side of the mycelial mat   

 b) Right - The under side of the mycelial mat  

4.4 The Average AFA (%) of Ceratocystis fimbriata in Response 
to Different XF Incubation Days 

55 

4.5 a) Left - the brownish materials yield from the evaporating 
process 

57 

 b) Right - The 10mg extracts dissolve in 2ml 
Dichloromethane, CH2Cl2 

 

 

  

© C
OPYRIG

HT U
PM



xi 
  

LIST OF ABBREVIATIONS 

 

o C degree centigrade 

% percentage 

x times 

f. sp. forma specialis 

ff. spp. formae speciales 

FOSC Fusarium oxysporum species complex 

DNA Deoxyribonucleic Acid 

K coefficient 

gcm-3 gram per centimetre cubic 

μl microliter 

cm centimeter 

mm milimeter 

ml mililiter 

gm gram 

AFA Antifungal activity 

rpm revolution per minute 

PDA Potato Dextrose Agar 

PDB Potato Dextrose Broth 

PDA/XF PDA with filtered Xylaria sp. liquid culture 

XF/PDA PDA with filtered Xylaria sp. liquid culture of different 
concentration 

MIC Minimum Inhibitory Concentration 

NMR Nuclear Magnetic Resonance 

bp boiling point 

EtOAc ethyl acetate 

MeOH methanol 

C6H14 hexane 

CH2Cl2 dichloromethane 

XFC Xylaria filtered culture with different volume 

XF Xylaria filtered culture 

© C
OPYRIG

HT U
PM



xii 
  

XCE Xylaria crude extract 

XH Xylaria in Hexane 

XHD Xylaria in Hexane + Dichloromethane 

XD Xylaria in Dichloromethane 

XDM Xylaria in Dichloromethane + Methanol 

XM Xylaria in Methanol 

XMH Xylaria in Methanol and Hexane 

CC Column chromatograph 

HPLC High Performance Liquid Chromatography 

  

© C
OPYRIG

HT U
PM



1 
  

CHAPTER ONE 

INTRODUCTION 

 
1.1  General Background 
 
1.1.1  Endophyte Fungi and Secondary Metabolites  
 
Endophyte is a biological organism inhabiting intercellularly or intracellularly 

of the host body. Not giving any symptoms of the occupation nor visible to 

the naked eyes are the main characteristics of the endophytes. However, to 

gain something means to give something. In order to enable the inhabiting in 

the host body, the endophytes produce functional secondary metabolites as 

the exchange materials. The functional metabolites are produce even before 

they starting to colonize the host living and healthy tissue to induce a 

balance chemical reaction between the host and the endophytes (Kusari et 

al., 2012). The symbiosis must be unique and beneficial to the both party. 

The secondary metabolites produced always favourable and beneficial to 

the host. Generally, the secondary metabolites produce by the endophytes 

either for promoting growth of the host by producing phytohormone such as 

cytokines or/and for improvement ecological adaptability of the host such as 

protecting from pest, phytopathogen, microbial activity, competition with 

other tree and even help in tolerate such extreme condition (Tan and Zou, 

2001). 
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1.1.2 Secondary Metabolites Produced by Xylaria sp.  
 
Endophytes of Xylaria sp. attract the interest of researchers and become the 

focus in the functional secondary metabolites study. Exploration and 

compilation of databases of the endophytes species is actively carry out by 

researchers from China, India and many other countries from different 

region and niche area. Endophyte Xylaria sp. is an attractive subject of study 

that always surprise the researcher with novel compounds from its 

secondary metabolites. For example, a study of endophytes Xylaria sp. on 

mangrove from South China Sea Coast have found five novel unique 

compounds of xyloketals named as xyloketals A, B, C, D and E and one 

known compound (Lin et al., 2001). Another study of secondary metabolites 

produced by Xylaria sp. isolated from the stem of Isodon sculponeatus 

afforded ten compounds (Chen et al., 2018). Six of the compounds are new 

compounds, xylariahgins A–F, two new natural products, along with two 

known compounds. They showed positive inhibitory effects against human 

tumor cell lines. Recent research on Xylaria sp. has made a discovery of a 

new compound known as Compound 1 with antimicrobial activities against 

two species, Escherichia coli and Staphylococcus aureus with MIC values 

50 g/mL (Zheng et al., 2018).  

 
 
 
 
Griseofulvin is a popular compounds used as an antifungal antibiotic for the 

treatment of mycotic diseases of humans and veterinary animals. There was 

a research conducted where the purpose of the study was to identify a 

griseofulvin-producing endophytic fungus from Abies holophylla through the 
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secondary metabolites analysis. Based on nuclear ribosomal ITS1-5.8S-

ITS2 sequence analysis, the fungus identified as Xylaria sp. The griseofulvin 

showed high in vivo and in vitro antifungal activity, and effectively controlled 

the development of rice blast (Magnaporthe grisea), rice sheath blight 

(Corticium sasaki), wheat leaf rust (Puccinia recondita), and barley powdery 

mildew (Blumeria graminis f. sp. hordei) (Park et al., 2005). 

 
 
 
 
 
1.2  Problem Statement 

Disease outbreak in commercial tree species caused by pathogenic fungi is 

a major economic downturn, especially in the large-scale plantation. Short-

term solution for the disease outbreaks could easily handle by the 

application of chemical derived fungicide. However, the resistance of the 

pathogen may build up to the chemical overtime due to the rapid evolution of 

fungi genetics. Furthermore, the action modes of fungicide have never been 

well-classified, and the side effects of the chemicals are not fully understood. 

Artificial chemical derived fungicides usage may have negative impacts that 

are difficult to predict towards the plants and environments (Yang et al., 

2011).  

 
 
 
 
Xylaria sp. an endophyte of the mangrove tree, has been shown to contain 

bioactive compounds (Hamzah et al., 2018). Mangrove area is the shallow 

tidal area with high intensity of salinity in the water. Trees inhabiting this 

area possess strong viability to survive in such extreme condition (Yu et al., 
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2009). There is a possibility of the tree’s survival due to the contribution of 

the functional secondary metabolites produced by the endophytic fungi. This 

study was to identify whether the secondary metabolites produced by Xylaria 

sp. have the ability to inhibit the growth of several pathogenic fungi, of 

economic importance. Positive results from the test may further the 

screening process to acquire the most effective fraction that can inhibit the 

growth of the pathogenic fungi. Novel compounds from endophytic fungi 

may serve as an alternative fungicide to control the outbreak of diseases in 

agriculture and forest plantations. 

 
 
 
 
1.3  Research Objectives 
 

 To determine inhibitory effect of the crude extract from Xylaria sp. on 

three species of phytopathogenic fungi, Ceratocystis fimbriata, 

Fusarium oxysporum and Phellinus noxius 

 To identify purified eluents from the crude extract, which are active 

against the selected pathogens 
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