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ABSTRACT

Roasting is an important process that contributes to the formation of flavour, aroma
and colour of cocoa beans. Pyrazines, a products of Maillard reaction are the character
impact compounds that contribute to unique cocoa flavour. Unfortunately during
roasting, carcinogenic acrylamide is also produced through Maillard reaction.
Therefore, the objectives of this study were focused on optimising roasting conditions
using Response Surface Methodology (RSM) to produce cocoa beans with high
flavour and low concentration of acrylamide. The roasting conditions tested were a
temperature in the range of 110 — 160 °C and time ranging from 15 — 40 min.
Statistical optimisation was carried out with the goal setting of a minimum
concentration of acrylamide, maximum concentration of 2-methylpyrazine, 2,5-
dimethylpyrazine, 2,3,5-trimethylpyrazine and 2,3,5,6-tetra-pyrazine, maximum for
sensory characteristics (chocolate aroma, acidity and overall acceptability), minimum
for sensory characteristic; burnt taste and in the range for colour (L value). The
optimised conditions obtained were a temperature of 116 °C and time of 25 min with
desirability value of 0.8. The optimum condition was used to determine the effect of
roasting cocoa beans from different origins and the quality parameters observed were
pyrazines, acrylamide, amino acid, sugar and sensory evaluation. Papua New Guinea
cocoa beans developed significantly (p < 0.05) highest concentration of acrylamide
0.32 mg/100g and Cameroon cocoa beans were significantly lowest, 0.11 mg/100g.
Superior quality Ivory Coast cocoa beans was produced with this roasting condition;
high pyrazines with low acrylamide concentration. pH of the beans significantly
effect the development of flavour but did not contributes to the formation of
acrylamide. Application of asparaginase using soaking method (asparaginase
concentration of 1000 U/g and incubation temperature at 50 °C) prior to roasting was
able to significantly (p < 0.05) reduce formation of acrylamide (87%) without
sacrificing concentration of reducing sugar and pyrazines in the beans. Therefore,
application of asparaginase at optimum roasting condition was able to produce quality
cocoa beans in term of high flavour and low in acrylamide formation.



ACKNOWLEDGEMENT

The success of any project depends largely on the encouragement and guidelines of
many people. Thus, I would like to take this opportunity to express my gratitude to
the people who have been instrumental in the completion of this project succesfully. I
would like to show my greatest appreciation to my supervisor Dr. Zaibunnisa Abdul
Haiyee. Without for her tremendous support and help, this project can not be
materialised .I also would like to wish my sincere gratitude to Dr. Misnawi Jati and
Assoc. Prof. Dr. Zainal Samicho for their encouragement and guidance.

I am also grateful to Universiti Teknologi MARA (UiTM) for the generous financial
support (Excellent fund — 600-RMI/ST/DANA 5/3/Dst (225/2011) and Academic
Excellent fund- Hal Ehwal Akademik). Facilities and guidance given by staff
members of Indonesian Coffee Cocoa Research Institute (ICCRI) were kindly
appreciated. Last but not least, I would like to take this opportunity to express my
gratitude and love to my friends and my beloved husband; Mohamed Aslam Bin Ali
and parents for their support and help.



TABLE OF CONTENTS

AUTHOR’S DECLARATION
ABSTRACT
ACKNOWLEDGEMENTS
TABLE OF CONTENTS
LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS

CHAPTER ONE: INTRODUCTION
1.1 Background and problem statement
1.2 Significance of study

1.3 Objectives of study

1.4 Scope of the study

CHAPTER TWO: LITERATURE REVIEW
2.1 History of cocoa
2.2 Cocoa beans
2.2.1 Varities and origins of cocoa beans
2.2.1.1 Ivory Coast and Cameroon
2.2.1.2 Papua New Guinea
2.2.1.3 Indonesia and Malaysia
2.3 Cocoa beans processing
2.3.1 Development of cocoa flavour precursors
2.3.1.1 Fermentation and drying
2.3.1.1.1 Protein
2.3.1.1.2 Starch and sugar
2.3.2 Flavour development during roasting
2.3.2.1 Effect of roasting on flavour
2.4 Acrylamide

Page

i
Lii

iv

vi

ix

W W N =

O 00 00 Wn K~ H

10
11
11
12
14
15
16
17



	ABSTRACT
	TABLE OF CONTENTS
	CHAPTER ONE: INTRODUCTION
	1.1 BACKGROUND AND PROBLEM STATEMENT
	1.2 SIGNIFICANCE OF STUDY
	1.3 OBJECTIVES OF STUDY
	1.4 SCOPE OF THE STUDY

	CHAPTER TWO: LITERATURE REVIEW
	2.1 HISTORY OF COCOA
	2.3 COCOA BEANS
	2.2.1 Varieties and Origins of Cocoa Beans

	2.3 COCOA BEAN PROCESSING
	2.3.1 Development of Cocoa Flavour Precursors
	2.3.2 Flavour Development During Roasting

	2.4 ACRYLAMIDE
	2.5 MAILLARD REACTION
	2.5.1 Factors Influence the Maillard Reaction
	2.5.2 The Chemistry of Maillard Reaction

	2.6 REDUCTION OF ACRYLAMIDE IN FOODS
	2.6.1 Selection of Raw Materials
	2.6.2 Controlling / Addition of Other Ingredients
	2.6.3 Food Processing
	2.6.4 Application of Asparaginase Enzyme


	CHAPTER THREE: METHODOLOGY
	3.1 MATERIALS
	3.2 REAGENTS
	3.3 SAMPLE PREPARATION
	3.4 OPTIMISATION OF ROASTING CONDITIONS OF INDONESIAN COCOA BEANS
	3.4.1 Roasting of Cocoa Beans
	3.4.2 Analysis of Pyrazines
	3.4.3 Analysis of Acrylamide
	3.4.4 Colour Analysis
	3.4.5 Determination of Sensory Characteristics of Roasted Indonesian Cocoa Beans

	3.5 ANALYSIS OF COCOA BEANS QUALITY FROM DIFFERENT ORIGINS
	3.5.1 Roasting of Cocoa Beans
	3.5.2 Determination of pH
	3.5.3 Analysis of Amino Acids
	3.5.4 Analysis of Sugar
	3.5.5 Analysis of Pyrazines
	3.5.6 Analysis of Acrylamide
	3.5.7 Determination of Sensory Characteristics from Different Origins of Roasted Cocoa Beans

	3.6 APPLICATION OF ASPARAGINASE
	3.6.2 Determination of Moisture Content

	3.7 STATISTICAL ANALYSIS

	CHAPTER FOUR: OPTIMISATION OF ROASTING CONDITION FOR INDONESIAN COCOA BEANS USING RESPONSE SURFACE METHODOLOGY
	4.1 PRELIMINARY STUDY
	4.2 OPTIMISATION OF ROASTING CONDITION
	4.3 VALIDATION FOR OPTIMUM ROASTING CONDITION
	4.4 CONCLUSION

	CHAPTER FIVEE: FFECT OF ROASTING ON THE QUALITY OF COCOA BEANS FROM DIFFERENT ORIGINS
	5.1 EFFECT OF ROASTING ON PYRAZINES FORMATION IN COCOA BEANS FROM DIFFERENT ORIGINS
	5.2 CONCENTRATION OF FREE AMINO ACIDS
	5.3 CONCENTRATION OF SUGAR
	5.4 SENSORY CHARACTERISTICS OF ROASTED COCOA BEANS FROM DIFFERENT ORIGINS
	5.5 ACRYLAMIDE FORMATION IN ROASTED COCOA BEANS FROM DIFFERENT ORIGINS
	5.5 CONCLUSION

	CHAPTER SIX: APPLICATION OF ASPARAGINASE TO REDUCE ACRYLAMIDE FORMATION DURING ROASTING
	6.1 PRELIMINARY STUDY
	6.2 EFFECT OF CONCENTRATION OF ASPARAGINASE AND INCUBATION TEMPERATURE ON THE ROASTED COCOA BEANS
	6.3 EFFECTS OF ASPARAGINASE APPLICATION ON THE CONCENTRATION OF ACRYLAMIDE PRECURSORS
	6.5 CONCLUSION

	CHAPTER SEVEN: CONCLUSION AND RECOMMENDATIONS
	7.1 CONCLUSION
	7.2 RECOMMENDATIONS

	REFERENCES
	APPENDICES



