
 
 
 

 
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 

PRODUCTION, PROPERTIES AND APPLICATIONS OF 
MYCELIUM-BOUND LIPASE OF A LOCALLY ISOLATED 

STRAIN OF ASPERGILLUS FLAVUS LINK 
 
 
 
 
 

KAMARIAH LONG 
 
 
 
 
 
 

FSMB 1997 13 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Universiti Putra Malaysia Institutional Repository

https://core.ac.uk/display/153797068?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


PRODUCTION, PROPERTIES AND APPLICATIONS OF 
MYCELIUM-BOUND LIPASE OF A LOCALLY ISOLATED 

STRAIN OF ASPERGILLUS FLAVUS LINK 

By 

KAMARIAH LONG 

Dissertation submitted in fulfilment of the requirements for the 
Degree of Doctor of Philosophy in the Faculty of Food Science and 

Biotechnology, Universiti Putra Malaysia 

September 1997 





ACKNOWLEDGEMENTS 

I wish to express my sincere appreciation and thanks to my supervisor, 

Assoc. Prof. Dr. Hasanah M. Ghazali of the Department of Biotechnology, Faculty 

of Food Science and Biotechnology for her guidance, encouragement throughout 

the course of my study and especially for her constructive suggestions during the 

preparation of the dissertation. 

My heartfelt appreciation and gratitude go to my co-supervIsor Prof. 

Christopher Bucke, Department of Biological Health and Sciences, Faculty of 

Engineering, University of Westminster, London United Kingdom for his generous 

advice and valuable comments of the work. His cooperation and support are 

always highly appreciated. 

My thank and appreciation is also due to Assoc. Prof. Dr. Arbakariya Ariff 

of the Department of Biotechnology, Faculty of Food Science and Biotechnology, 

UPM for his support, advice and comments throughout this study. I am also 

grateful to Prof. Dr. Yaakob Che Man of the Department of Food Technology for 

his support and comments. My regard is due to my ex-committee members, Prof. 

Dr. Kamaruzaman Ampon, University of Sabah, Malaysia for giving me the 

encouragement during the early part of my study. 

111 



Acknowledgement is also due to the Government of Malaysia and Malaysia 

Agriculture Research and Development Institute (MARDI) for the Asia 

Development Bank scholarship and for granting me a study leave to carry out the 

Ph.D. programme. I am also grateful to the staff of the Department of Biological 

and Health Sciences, Faculty of Engineering, University of Westminster, London 

United Kingdom for allowing me to stay and use their library facilities. 

I also wish to thank staff of the Department of Biotechnology and 

Department of Food Science, Faculty of Food Science and Biotechnology, 

especially Mr. Rosli Aslim, for their kind cooperation throughout my study. 

Special thank is also due to my lab mate Amy, Tee and Tri for their valuable 

friendships. 

My deep appreciation is accorded to my dearest husband, En. Mohd. Ishak 

Adni, my children, Nawar, Nabil, Aisyah, Najid and my youngest sister Sha Sha, 

for the enormous amount of love, support and sacrifice they have given. Last but 

not least, I would like to express my indebtedness to my late mother who always 

encouraged me in my study, my father, sisters and brothers. 

IV 



TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS ... .......... ........................................................ . 111 

LIST OF TABLES ....... ....... ................................ ....................................... Xl 

LIST OF FIGURES...... .... ..... . . . ........ . . . . .. ............ . ... . .. .. .. .. . ....................... XIV 

LIST OF PLA TES...... .. ....... . . . . ............ . .................. ............. ...................... XIX 

LIST OF ABBREVIATIONS........... . ...................... ................................. xx 

ABSTRACT.................................................................. ............... .............. XXll 

ABSTRAK................... ............. .. .. . ...... ........ .... .. . .. .. . ............ ...................... xxv 

CHAPTER 

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

2 LITERATURE REVIEW 

Properties of Lipase. . . . . . .  . ..... . . . . . . . . . . .  . . . . . . .  . . .  . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . .  7 

Mechanism of Lipolysis. . . . . . . .  . . . . . . . . . . . .  . . . . . . . .  . . . . .  . . . . .  . . . . . . . .  . . . . . . . . .  9 
Lipase Selectivity ............... .................................................. 1 5  
Lipase Assay System.. . . . . . .  . . . . .  . . . . .  ... . . . . . .  . . . . . .  . . . . .  . . . . . . . . .  . . . . . . .  . . .  . . .  20 

Production of Microbial Lipase. . . . . . .  .. .. . ... . . . . .  ...... ........ ... .......... ........ 24 

Composition of Media. . . . . .  ............ . . . . .  . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  24 
Coexistance of Lipase with Proteases ................... .............. 28 

Mycelium-bound Lipase . ...................... ....... ................ ....... ........... ... 29 

Lipolytic Activity of Aspergillus flavus . . . ........... .......... .............. .... 39 

Applications of Lipases in Fats and Oils Modification .. ............ .... 41 

v 



3 ISOLATION OF LIPOLYTIC FUNGI USING COCONUT 
OIL AS A CARBON SOURCE 

Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53 

Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54 

Results and Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  59 

Isolation Using Coconut Oil Agar Medium.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59 

Growth of Isolates in Liquid Culture... . .................... ............ ......... 61 

Detection of Hydrolysis Products by Thin Layer Chromatography. 65 

Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . ... . . . . . . . . . . . . . . . ... . . . . . . . .  68 

4 PATTERN AND FACTORS INVOLVED IN THE 
PRODUCTION OF MYCELIUM-BOUND LIPASE OF 
A LOCALLY ISOLATED ASPERGILLUS FLA VUS 

Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . .  70 

Materials and Methods. . .  . . .  ....... ..... ..................... .............. ....... ..... 71 

Results and Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74 

The Effect of Yeast Extract Concentration, Tween 80 and EDT A 
on the Production Pattern of Mycelium-bound and Free Lipase. . .  74 

Effect of Yeast Extract Concentration ............................. 74 

Effect of Tween 80.............................................................. 77 

Effect of EDT A. . . . . . . . . . . . . . . . .  ........... ... ............. ....... ............... 79 
The Effect of Medium Composition and Culture Conditions on the 
Growth and Production of Mycelium-bound Lipase. . . . . . . . . . . . . . . . . . . . .  79 

Effect of Substrate. . . . .  . . . . . . . .  ......... .................. .......... ............ 79 

Effect of Palm Olein Concentration. . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . .  82 

Effect of Organic Nitrogen Source.... . . . . . . . . . . . . . .  . . . . .  ....... ...... 85 

Time Course of Mycelium-bound Lipase with Different 
Incubation Temperature. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  87 

VI 



Effect of Agitation........................................ ...... . . . . . . . . .  . . . . . .  87 

Effect ofInitial pH of the Medium..... ............... . . . . . .  . . . . . . ... 90 

Summary....................................................................................... 90 

5 EXTRACTABILITY (PHYSICAL INSTABILITy) OF THE 
MYCELIUM-BOUND LIPASE AND STABILITY OF 
EXTRACTED LIPASE OF ASPERGILLUS FLA VUS 

Introduction................................................................................... 93 

Materials and Methods.... ........... . . . . . ... . . . ... . . . .... . . .... . . . . . . . . . . . . . . . . . . . .. .. . 94 

Results and Discussion................................................................. 102 

Effect of Defatting Agent on the Stability of Mycelium-bound 
Lipase............................................................................................. 102 

Extractability of Mycelium-bound Lipase...................................... 104 

Extractability of Mycelium-bound Lipase with Different 
Extractants....................................................................................... 110 

Extractability of Mycelium-bound Lipase at Different pHs and 
Concentrations of Tris-HCl Buffer.................................................. 112 

Extractability of Mycelium-bound Lipase Against Agitation Rate .. 115 

Effect of Freeze-drying and Storage at 4°C of Mycelia on the 
Extractability of Bound Lipase.... ..... . .. . . .. . .  . . . . . . . . . . . .  . . . .. . . . . . . . . . . .  .. . . .  . . . . . .  117 

Separation of Co-extracted Proteases from Lipase.......... ................ 119 

Recovery of Lipase after Fractionation with Acetone.................... 123 

Lipase Stability after Acetone Fractionation................................... 123 

Summary.......................................................................................... 126 

6 CHARACTERIZATION OF LIPASE FROM ASPERGILLlTS 

FLAVUSAND ITS SUBSTRATE PREFERENCES 

Introduction.................. .................................................................. 128 

Materials and Methods................. ......... . . . . . . . . . . . . .  . . . . . .  . . . .. . .  . . .. .  . . . . .. . . . .. 130 

Vll 



Results and Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .  139 

pH and Temperature Optima. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ... . . . . . .  139 

Thermal Stability and pH Stability of Extracted Lipase.. . . . . . . .  . . . .  . . .  141 

Effect of Calcium Chloride and EDT A ... . . . . . . .  '" . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . .  141 

Kill and �lIat Values. . . . . . . . . . . . . . . . .  . . . .... . . . . . . . .  . . . . . . .  . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  149 

Activity of Lipase Towards Triglycerides and Vegetable Oils . . . . . . . . .  149 

Positional Specificities . . . . . . . . . . . . . .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153 

Substrate Preferences of A. flavus................................................... 158 

Hydrolysis of Vegetable Oils . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163 

Summary ...................................... . .................................................... 163 

7 IN-SITU CROSS-LINKING OF ASPERGILLUS FLA VUS 

MYCELIUM-BOUND LIPASE: ACTIVITY, STABILITY AND 
PROPERTIES 

Introduction. ' "  . . . .  . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . .  . . . . . . . .  167 

Materials and Methods . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . .  168 

Results and Discussion. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .  174 

Effect of In-situ Cross-linking of Mycelium-bound Lipase with 
Glutaraldehyde . . . . . . . . . . . . . . . ... . . . . . . . . . . . . .. . . . .. .. . . . . ... . . . ..... . .... . . .. . . . .... .. . . . . . . .  174 

Effect of In-situ Cross-linking of Mycelium-bound Lipase with 
Methylglyoxal. .  . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  . . . . . .  178 

Effect of In-situ Cross-linking of Mycelium-bound Lipase with 
Ethylenediamine. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . .. . . . . . . . . . . .  . . .  . . . . .  181 

Effect of Glutaraldehyde, Methylglyxoal and Ethylendiamine 
on the Activity of Free Lipase . . . . . . . . . . . . . ... .. . . . . . . . . . . . . ... . . .. ... . . . . . .. . . . ... . . . . .  181 

Properties of Treated Mycelium-bound Lipase . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  184 

Vlll 



Batch Hydrolysis of Coconut Oil ........................... .................... ...... 186 

Operational Stability of Untreated and Glutaraldehyde Treated 
Mycelium-bound Lipase in Semi-continuous Packed Bed System.. 189 

Summary......................................................................................... 193 

8 INTERESTERIFICATION OF VEGETABLE OILS BY 
MYCELIUM-BOUND LIPASE OF ASPERGILLUS FLA VUS 

Introduction..... ......... ......................................... ........... ........ ............ 1 95 

Materials and Methods..................................................................... 1 96 

Results and Discussion............... ...................... ............... ...... .......... 20 1 

Acidolysis of Vegetable Oils........ ............. .............. ........................ 20 1 

Percent of Fatty acids Incorporated Into Vegetable Oils..... 20 1 

Triglyceride Profiles of Acidolysed Vegetable Oils............ 204 

Thermograms of Acidolysed Vegetable Oils....................... 204 

Transesterification of Palm Olein.................................................... 218 

Change in Triglyceride Profile ............................. .............. 2 18  

Thermogram of Trans esterified Palm Olein........................ 22 1 

Fatty Acids Composition of Transesterified Palm Olein ..... 223 

Effect of Adding Molecular Sieves on the Acidolysis Reaction of 
Palm Olein With Lauric Acid.......................................................... 223 

Percent of Lauric Acid Incorporated Into Palm Olein......... 223 

Heating Thermograms of Acidolysed Palm Olein............... 226 

Summary......................... .............. ........... ....................................... 230 

IX 



9 GENERAL DISCUSSION AND CONCLUSIONS.... ... ....... . .... . 232 

BIBLIOGRAPHY............. . ........................................... ........................... 242 

APPENDICES .... ......... . . . . . . ......................................... . . .............. .......... .. 273 

BIOGRAPHICAL SKETCH.... ................................................................ 280 

PAPERS PUBLISHED FROM THE THESIS..................................... 281 

x 



LIST OF TABLES 

Page 
Table 

1 Comparison of Properties of Fungal Lipases........... ... . . .  . . . . . . . . . . . . .  8 

2 Assay for Determination of Lipase Activity ........... ......... ............. 21 

3 Medium Composition of Culture for Fungal Lipase.. . . .  . . .  . ... . . . . . . .  26 

4 Macromolecular Component of Fungal Cell Walls ............ ......... 31 

5 Synthesis and Hydrolysis Reaction using Mycelium-bound 
Lipase......................................................................................... 38 

6 Identification and Classification of Selected Lipolytic Fungi 
Isolated from Copra...... ............ .. . . . . . . . .  . . . . . . . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . . . . .  62 

7 Effect of Yeast Extract Concentration on the Production of 
Mycelium-bound and Free (Extracellular) Lipase .................... ... 75 

8 Effect of Yeast Extract on the Activity of Free Proteases............ 76 

9 Effect of Tween 80 on the Production of Mycelium-bound and 
Free Lipase............... .................. . . . . .  . . . . . . .. . .  . . . . ... . . . . . . . . . . . .  . . . . . . . . . . . . . .  78 

10 Effect of EDT A on the Production of Mycelium-bound and 
Free (Extracellular) Lipase......................................................... 80 

11 Activity of Mycelium-bound Lipase Remained after Defatting 
with Organic Solvent...... . . . . . .  . . . . .  . . . . .. . .  . . . . . . . .  . . . . . . . . . . . .  . . .  . . . . .  . . . . . .  . . . . . . . .  103 

12 Extractability of Mycelium-bound Lipase (a) Acetone Defatted 
Mycelia (b) n-hexane Defatted Mycelia.......... ..... . . . . . .  . . .  . . . . . . . . .  . . . .  106 

13 Effect of Washing of n-Hexane Defatted Mycelia on 
Extractability of the Mycelium-bound Lipase......... .... . . . . .  . . . .  . . .  . . . .  108 

Xl 



14 Extractability of n-Hexane Defatted Mycelium-bound Lipase ..... 109 

15 Extractability of Mycelium-bound Lipase with Different pHs..... 113 

16 Effect of the Storage at 4°C and Freeze Drying on the 
Extractability of Mycelium-bound Lipase... ........... .... ..... ...... .... ... 118 

17 Effect of Acetone Fractionation on the Activity of Lipase and 
Proteases........... ........ ........... ....... ......... ...... ..... ..... ........ ....... .... ... 122 

18 Recovery of Lipase after Ultrafiltration ....................................... 124 

19 Effect of EDT A and CaC12 on the Activity of Aspergillus. 
flavus Lipase............................................................................... 147 

20 Effect of Metal Ions on the Stability of Extracted Lipase...... ...... 148 

21 Effect of using Different Substrates on the Activity of 
Mycelium-bound and Free Lipase..... ...... ..................... ......... ...... 152 

22 Transesterification of Homoacid Triglyceride using 
Mycelium-bound Lipase.......... ................ ..... ......... .... ... ....... .... ... 159 

23 Fatty acid of Unreacted and Acidolysed Coconut OiL............. 162 

24 Hydrolysis Rate of Vegetable Oils by Mycelium-bound Lipase 164 

25 Relative Percentages of Total Saturated and Unsaturated Fatty 
Acid Composition of Vegetable Oils.................... .......... .... ........ 165 

26 Effect of Glutaraldehyde Concentrations on the Activity and 
Stability of Mycelium-bound Lipase........................................... 175 

27 Effect of Exposure Time of Glutaraldehyde on the Activity and 
Stability of Mycelium-bound Lipase........................................... 177 

28 Effect of Methylglyoxal Concentrations on the Activity and 
Stability of Mycelium-bound Lipase......... ... ...... ..................... .... 179 

xu 



29 Effect of Exposure Time of Methylglyoxal on the Activity and 
Stability of Mycelium-bound Lipase............................................ 180 

30 Effect of Ethylenediamine on the Activity and Stability of 
Mycelium-bound Lipase.. ....... . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . .  182 

31 Effect of Glutaralehyde, Methylglyoxal, Ethylenediamine on 
the Activity of Extracted Lipase.................. .................. . . .. . ... . . . . . .  183 

32 Changes in the Fatty acid Composition of Acidolysed 
Vegetable Oils......... ............................. ........ ...... . .................. . . . . .  202 

33 Retention Times of Standard Diglycerides and Triglycerides ...... 213 

34 Melting Properties of Acidolysed Compared with 
Non-acidolysed Vegetable Oils................................................... 215 

35 Rate of Transesterification of Triglycerides from Palm Olein ..... 219 

36 Fatty Acid Composition of Transesterified Palm Olein............... 224 

37  Fatty Acid Composition of Palm Olein after Acidolysed with 
Lauric Acid: Effect of Adding Molecular Sieve at Various 
Times of Reaction......................... ....... .. . . . . .  . . . . . . . . . .  . . . . . .  . . . . . . .  . . . . . . . . .  225 

38 Effect of Sodium Azide on the Activity of Extracted Lipase..... 274 

Xlll 



LIST OF FIGURES 

1 Interfacial Activation of Lipases. ........... . . .  . . .  . . . . . .  . . .  . . . . .  . . . . . . . . . . . . . . .  11 

2 Model for Lipase Action on Soluble and Insoluble Substrate 
by Lipases that Undergo Conformational Changes upon 
Activation.................................................................................. 12 

3 Schematic Diagram Showing the Secondary Structure of 
Rhizomucor miehei Lipase.. .... . . .. ... . . . .  . . . .  . . . . . . . .  . . . . . . .  ... . . . ........ . . . . . .  14 

4 Representation of a Typical Membrane According to the 
Fluid-mosaic Model Proposed by Singer and Nicolson ............. 32 

5 Schematic Representation of Lipase-catalyzed 
Interesterification Reaction between a Triglyceride and a Free 
Fatty acid (a) General Reaction Net Work and (b) General 
Kinetic Mechanism..... ......... . . . . .  . . . . . . . .  . . . .  . . .  . . . . . .  . . . .  . . .  . . .  . . . . . . . . . . . . . . . .  44 

6 Products Formed by Interesterification of Mixtures of Fats ....... 45 

7 Biotransformation of Fats and Oils . . . ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 

8 Percentage of Lipid Materials Extracted from Culture Broth at 
Different Times ofIncubation.................................................. 63 

9 Growth of Selected Isolates in Liquid Culture Broth 
Containing Coconut Oil with Time...... ...... . . . . . . .  ... . .  . . . . . . . . .  . . . .  . . . . . . .  64 

10 Time Course for the Hydrolysis of Coconut Oil Based on the 
Formation of Free Fatty Acid.................................................. 66 

11 Effect of Carbon Source on Growth and Production of 
Mycelium-bound Lipase........ ... . . .  . . . . . . . . . . . . . . . . . .  .... . . . . . . .  . .... ..... . . . .  81 

XIV 



12 Effect of Palm Olein Concentration on Growth and 
Production of Mycelium-bound Lipase .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 3  Effect of Organic Nitrogen Source on Growth and Production 

84 

of Mycelium-bound Lipase. . . . . . .. . . . ... . . . . . .. .. . . . . . .. . . . . . . . .. . . .. . . . . . . . . . .. .  86 

14 Effect oflncubation Temperature on (a) Growth and (b) 
Production of Mycelium-bound Lipase.. . . . . . .  . . . . . . . . . . . . . . . . . . . . . .. . . . . . .  88 

15 Effect of Agitation on Growth and Production of 
Mycelium-bound Lipase. .  . . .  . . . .. . . . . .  . . . . .  . . . . . . . .  . . . . . .  . . . .  . . . . .  . . . .  . . . . .  . . . . . .. 89 

16 Effect of Initial pH on Growth and Production of 
Mycelium-bound Lipase.. . . . . . .. . . . .. .. . . . .. . .. . .. .. . ..... . . .. . . ... . . . . . . . . .. .... .. 91 

17 Extractability of Mycelium-bound Lipase with Different 
Extractants. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  111 

18 Extractability of Mycelium-bound Lipase at Different 
Concentrations of Tris-HCI Buffer (PH 8.2). . . . . . .. . . . . . . . . . . . . . . . . . . . . . .  114 

19 Extractability of Mycelium-bound Lipase against Agitation 
Rate. . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . .. .. . . . .... .. .. ... .. ...... . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . .  116 

20 Storage Stability of Mycelium-bound and Extracted Lipase at 
4°C... . .. . . . . . . . .. . . . . . . .. . . .. . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .... . . .. .. .. . . . .. . . . . . . . . .  120 

21 Storage Stability of Extracted Lipase Kept at 4°C in the 
Presence of EDT A (1 mM), PMSF (0.8 mM), and EDTA 
( l  mM) plus PMSF (0.8 mM)................................................ . ... 1 21 

22 Storage Stability of Retentate Containing Lipase Kept at 4°C .. 125 

23 Temparature Profile of (a) Extracted Lipase, and (b) 
Mycelium-bound Lipase. . . . .  . . . . . . .. . . . . .. . .  . . .. . . . . . .. .... . . . .. . . . . . .. . . . .  . . . . . . .  140 

24 pH Profile of (a) Extracted Lipase, and (b) Mycelium-bound 
Lipase.. . . . . . .. . . . . . . . . .. ..... .. . .. .. . . . .. . . .. . ... . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . .  142 

xv 



2S Thermal Stability of Extracted Lipase ......... ............ ................... 143 

26 pH Stability of Extracted Lipase... . .. .. .. ............. ...... ..... .  ... . . ....... 144 

27 Effect of Calcium Chloride on Activity of (a) Extracted 
Lipase (b) Mycelium-bound Lipase. . . . . . . .. ........ . . . . ... .. . . .......... ... 146 

28a Lineweaver-Burk Plot for Activity of Mycelium-bound Lipase 
on Coconut OiL........ . . . . .. ... ..... ..... . .. . . . . . ......... ... . . . . . .. .. ......... . . ...... 150 

28b Lineweaver-Burk Plot for Activity of Extracted Lipase on 
Coconut OiL........ .. .. .. . . . . ... ...... .... ... . . ............ . . . . . . . .... ... . .... ...... ... 151 

29 Effect of Extraction on the Activity of Mycelium-bound 
Lipase on Coconut Oil and Tributryin. . ... .. .... ... . . .  .... . . .. .. .... ... ... 154 

30 Transesterification Reaction of Triolein using 
Mycelium-bound Lipase after (a) 1 h, (b) 3 h, and (c) 24 h 
Reaction. .. .... ......... . . .  .. . . .. ... .... .. ...... .......... .. .. . . ....... ....... . . . . .  . . . . .. . .. 157 

31 Operation of Packed-bed Reactor (a) Untreated 
Mycelium-bound Lipase, and (b) 2% Glutaraldehyde-treated 
Mycelia... ...... ... .... .......... .. .. ... .... ..... .......... .. .. . .. .. ....... .. .. . ... .. ......... 173 

32 Temperature Profile of Extracted, Untreated and Treated 
Mycelium-bound Lipase... . ................. ..... ........ .... ............ . .. ..... 185 

33 Thermal Stability of Extracted, Untreated and Treated 
Mycelium-bound Lipase at SO°C.... . .. ... .. .... .. ... .... ..... ... . . .. ... .. .. . . . .  187 

34 Batch Hydrolysis of Coconut Oil using Treated and Untreated 
Mycelium-bound Lipase. .  . . .. .. .. . . . . . . . .  ..... . .. .  ... .. ... ...... .... ............ ... 188 

35 Stability of Untreated Mycelium-bound Lipase after Repeated 
Use for Transesterification of Palm Olein.. . . . .. .................... ..... 190 

36 Stability of Treated Mycelium-bound Lipase after Repeated 
Use for Transesterification of Palm Olein. ............... ............. .... 191 

XVI 



37 Triglyceride Profiles of Palm Olein Reacted with Lauric Acid 
(a) Control, and (b) Acidolysed Product.. .............. . ..... . ..... . . . .. 205 

38 Triglyceride Profiles of Com oil Reacted with Lauric Acid 
(a) Control, and (b) Acidolysed Product.. . .............. . .... .......... 206 

39 Triglyceride Profiles of Soybean Oil Reacted with Lauric Acid 
(a) Control, and (b) Acidolysed Product.. ..... . ...... . ..... . ............ 207 

40 Triglyceride Profiles of Cottonseed Oil Reacted with Lauric 
Acid (a) Control, and (b) Acidolysed Product.. ...... ...... . ....... 208 

4 1  Triglyceride Profiles of Rapeseed Oil Reacted with Lauric 
Acid (a) Control, and (b) Acidolysed Product.. .... ....... ......... ... 209 

42 Triglyceride Profiles of Coconut Oil Reacted with Oleic Acid 
(a) Control, and (b) Acidolysed Product.. .................. ......... .... 210 

43 Triglyceride Profiles of Coconut Oil Reacted with Palmitic 
Acid (a) Control, and (b) Acidolysed Product.. ............ . ....... 21 1 

44 Differential Scanning Calorimetry Heating Thermograms of 
(a) Palm Olein, and (b) Acidolysed Palm Olein.............. ..... 216 

45 Differential Scanning Calorimetry Heating Thermograms of 
(a) Coconut Oil, (b) Acidolysed Coconut Oil with Oleic 
Acid, and (c) Coconut Oil with Palmitic Acid..... ....... . ..... . . ...... 2 1 7  

46 Triglyceride Profiles of (a) Control, and (b) Transesterified 
Palm Olein............. .................... . ...................... ........ ...... .... . . . ..... 229 

47 Differential Scanning Calorimetry Heating Thermograms of 
(a) Control , and (b) Transesterified Palm Olein .... ...... .......... ... 222 

48 Effect of Adding Molecular Sieve on Hydrolysis of Palm 
Olein ........................................................................................... 227 

XVll 



49a Differential Scanning Calorimetry Heating Thermograms of 
(a) Palm Olein, (b) Transesterified Palm Olein with Non 
Added Molecular Sieve, and Molecular Sieve Added after 4h 
(c).. . ...... . . ..... .. ..... ...... . . .. ..... . ...... . . ....................... .. . .... . . ...... . . ...... . . 228 

49b Differential Scanning Calorimetry Heating Thermograms of 
Tranesterified Palm Olein with Molecular Sieve Added after 
(d) 10 h, (e) 24 h, and (f) 48 h . . ...... . . ..... . . . . .. . . . . . . . . . . . . . . . ..... . .. . . . .  229 

50 Gas Chromatogrphy of Fatty Acids Composition of (a) Palm 
Olein, (b) Cottonseed Oil, and (c) Rapeseed OiL. . . . ... . . . . . ... 276 

51 Gas Chromatography of Fatty Acids Composition (a) 
Grapeseed Oil, (b) Corn Oil, and (c) Sunflower OiL. .. . ........ 277 

52 Gas Chromatography of Fatty Acids Composition of (a) 
Soybean Oil, (b) Olive Oil and (c) Coconut OiL... ...... ... . .. . ..... 278 

53 Proposed Mechanism of Lipase-catalysed Transesterification 
of Two Homoacid Triglycerides........ ...... . .. . .. ...... . ........ . ...... . . .  279 

XVlll 



LIST OF PLATES 

Plate Page 

1 a) A. flavus Link Colonies Grown on Coconut Oil Agar 
Medium b) Formation of Insoluble Blue Droplet Entrapped 
within the Agar underneath Positive Colonies... ........ ... .......... ..... 60 

2 Thin Layer Chromatogram of the Products of Coconut Oil 
Hydrolysis by F so/ani (F), G. candidum (G), Ab. corymbifera 

(A), A. flavus (B), S. racemosum (S) and Control 
(C) ................................................................................................ 67 

3 a) Formation of Insoluble Soap-like White Pellet, after 72 h 
Incubation at 30°C in Culture Containing Palm Olein b) Thin 
Layer Chromatogram of Melted Pellet (P), Palm Olein (C) and 
Oleic Acid (C 1). . . . .. .... . . . . . .  ............................ ....... ....................... 83 

4 a) Thin Layer Chromatogram of the Products of Triolein 
Hydrolysis of using Extracted Lipase obtained from A. flavus 

Linle b) Thin Layer Chromatogram of the Product of Triolein 
Hydrolysis using Commercial Non-specific Lipase 
Pseudomonas sp. (A), C. rugosa (C) and 1,3-specific Lipase, R. 
Miehei (B)... . . . . . ... ...... ... .. ... . . ... ...... ... ... . . . . .. . . . . . .. ...... ....... . . . .. .... ....... 155 

5 Dry Mycelia were Cut into Squares (a) Untreated Mycelia (b) 
2% Gutaraldehyde-treated Mycelia......................................... 170 

XIX 



LIST OF ABBREVIATIONS 

Ilg microgram 

mg milligram 

g gram 

mm millimetre 

cm centimetre 

mL millilitre 

L litre 

sec second 

mm minute 

h hour 

Ilmol micromole 

mM millimolar 

M molar 

v/v volume/volume 

w/v weight/volume 

rev/min revolution per minute 

MW molecular weight 

sp species 

C6 caproic acid 

Cs caprylic acid 

CIO capric acid 

Cl2 lauric acid 

CI4 myristic acid 

CIS palmitic acid 

CIS:l oleic acid 

C18:2 linoleic acid 

CIS:3 linolenic acid 

000 trioleoyl glycerol 

OOC dioleoyl-capryl glycerol 

OCC dicapryl-oleoyl glycerol 

xx 



CCC tricapryl glycerol 

OOL dioleoyl-lauryl glycerol 

OLL dilauryl-oleoyl glycerol 

LLL trilauryl glycerol 

LLM dilauryl-myristroyl glycerol 

LMM dimyristroyl-Iauryl glycerol 

MMM trimyristroyl glycerol 

CCL dicapryl-Iauryl glycerol 

CCLn dicapryl-linoleoyl glycerol 

CLnLn dilinoleoyl-capryl glycerol 

LnLnLn trilinoleyl glycerol 

OOP dioleoyl palmitoyl glycerol 

Opp dipalmitoyl-oleoyl glycerol 

PPP tripalmitoyl glycerol 

LLP dilauryl-palmitoyl glycerol 

LPP dipalmitoyl-Iauryl glycerol 

OOLn dioleoyl-linoleoyl glycerol 

OLnLn dilinoleoyl-oleoyl glycerol 

HPLC high performance liquid 
chromatography 

GC gas ghromatography 

DSC differential scanning calorimetry 

°C degree celcius 

EDTA ethylenediamin tetraacetic acid 

PMSF phenylmethylsulfonyl fluoride 

FAME fatty acid methyl ester 

PUFA polyunsaturated fatty acid 

% percent 

UFA unsaturated fatty acid 

SFA saturated fatty acid 

TG triglyceride 

DG diglyceride 

MG monoglyceride 

FA fatty acid 

XX1 



Abstract of the Dissertation presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirements for the Degree of Doctor of Philosophy. 

PRODUCTION, PROPERTIES AND APPLICATIONS OF 
MYCELIUM-BOUND LIPASE OF A LOCALLY ISOLATED STRAIN OF 

ASPERGILLUS FLA VUS LINK 

By 

KAMARIAH LONG 

September 1997 

Chairman : Assoc. Prof. Dr. Hasanah Mohd. Ghazali 

Faculty: Food Science and Biotechnology 

One of the most promising processes using lipase which will offer great 

potential application especially in term of cost reduction, is the use of mycelium-bound 

lipase (naturally immobilized lipase). However, there has been little work reported on 

the technology using mycelium-bound lipase (naturally immobilize) and work using 

it, is limited to a few microorganisms. This study was conducted with the aims to 

identifying a new source of mycelium-bound lipase, and consequently to study it's 

production, properties and applications. 

Aspergillus jlavus, isolated from copra meal, produces a lipase (EC 3.1.1.3) 

which is partly bound to the mycelium. The production of the mycelium-bound lipase 

is concomitant with growth, and declines when growth ceases. Maximum productivity 

of the enzyme is obtained when the culture is incubated at 30°C, an initial culture 

pH of 6.5 and with 2% (w/v) each of com oil and yeast extract as carbon and organic 

nitrogen sources, respectively. Yeast extract affects not only the production of lipase 

XXII 



but also the secretion of proteases into the culture medium. The presence of EDT A 

improved the productivity of the mycelium-bound lipase by 26% although growth of 

A. flavus was inhibited by 11%. The addition of Tween 80, into culture medium, 

decreased the activity of mycelium-bound lipase. 

The lipase that is bound to the mycelia has VarIOUS degrees of binding. 

Twenty-eight percent of its' activity was easily released after washing n-hexane 

deffated mycelia with water. The rest was quite easily released by treating the mycelia 

with 0.05 M Tris-Hel buffer pH 8.2, at 35°C for 90 min, 200 rev/min. However, 7% is 

tightly bound and released only upon treatment with a lytic enzyme preparation from 

Trichoderma harzianum (Sigma L-2265). Non-polar solvents are better defatting 

agents. The mycelium-bound lipase of A. flavus is stabilised by cross-linking using 

glutaraldehyde, methylglyoxal or ethylenediamine. The treatment caused inactivation 

of the enzyme except for mycelia treated with methyl glyoxal whose activity was 

enhanced by up to 48%. On the other hand, lipase from glutaraldehyde-treated 

mycelia is physically more stable than the lipase from methylglyoxal-treated mycelia. 

The stability of untreated and glutaraldehyde-treated mycelia-bound lipase in a 

semi-continuous packed-bed reactor was examined and it was found that the hydrolytic 

and synthesis activities of lipases decreased and after 6 cycles of use the activity 

remained unchanged (20 cycles) 

The bound lipase, when released into solution, was unstable and lost almost all 

of its activity after 14 days storage at 4°C. The loss of activity of extracted lipase is 

due to inactivation by co-extracted proteases. The extracted enzyme has temperature 

and pH optima at 30°C and 8.0, respectively. The lipase could be separated from the 
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metallo-proteases by acetone fractionation. The apparent Km value of extracted lipase 

(3.92 mg/mL) towards coconut oil was three times lower than that of the 

mycelium-bound lipase (11.76 mg/mL). 

A. jlavus mycelium-bound lipase demonstrates a high preference for hydrolytic 

activity towards low molecular weight TG and discriminates triunsaturated TG i.e. 

000. A greater discriminating degree of its lipase towards triolein was shown when 

the enzyme was reacted with low molecular weight triglycerides, and was less 

shown when reacted with PPP. Similar observations were noted when the 

mycelium-bound lipase was used to catalyse a reaction containing coconut oil with 

palmitic acid or oleic in n-hexane. The lipase displays a strong specificity towards the 

outer fatty acid of triglycerides (1,3 specific) and loses activity for tributryin once it 

has been extracted. It hydrolyses coconut oil faster than palm olein, followed by com 

oil, rapeseed oil, soybean oil and, cottonseed oil. 

The ability of the mycelium-bound lipase to modify vegetable oils by 

incorporation of exogenous fatty acid into the triglycerides in medium containing 

n-hexane was studied. Reaction between cottonseed oil and lauric acid gave the 

highest percent of incorporation (18%) of the acid followed by soybean oil with lauric 

acid (16%) and coconut oil with oleic acid (16%). The degree of incorporation of 

lauric acid into palm olein and quality of the oil could be improved with the addition 

of molecular sieve at specific times of reactions. In all cases, there were increases in 

the concentrations of several existing triglycerides and the formation of new 

triglycerides. DSC analysis shows that the heating thermogram of acidolysed 

vegetable oils exhibit broad melting ranges. 
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