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Synsepalum dulcificum, is akind of berries, when eaten causes sour foods
subsequently consumed to taste sweet. An efficient and low cost purification
method to extract this protein needs to be developed. The pure miraculin is needed
for characterization and identification of its function prior to commercialization.
The potential use of the various parts of miracle fruit as well as the useful
components could be extracted also needs to be explored to provide data of the
importance of this fruit in economic point of view.

The physico-chemical properties of miracle fruit including percentage weight and
nutritional elements (ash, crude protein, fat, total dietary fiber, carbohydrate,
vitamin A and vitamin C) of miracle fruit were determined to give a full
understanding of miracle fruit. Content of total anthocyanin in skin was
determined using the pH-differential method. Content of phenolic in seed, skin and
pulp was determined by using Folin-Ciocalteau colorimetric method. Antioxidant
activity in seed, skin and pulp was analysed by DPPH free radical scavenging
method. Study found that vitamin C content (40.1 mg/100 g FW) and total
phenolic content (625.57 mg GAE/100 g FW) in miracle fruit flesh are very high
and they together contribute to the high antioxidant activity of miracle fruit. At the
same time, the sugar content is relatively low (5.6 g/100 g FW) in miracle fruit,
making it become a healthy food, especially for the patients of diabetes and obesity,
when considering its potential pharmaceutical benefits.

Seed oil of miracle fruit was extracted from fine powder seed of miracle fruit using
Soxhlet Extractor with petroleum ether. Triacylglycerol profile was determined by
HPLC, fatty acid composition was determined by GC analysis after methyl
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esterification, thermal behavior was determined by Differential Scanning
Calorimetry. Triacylglycerol profile and free fatty acid composition showed that
the fatty acid in seed oil of miracle fruit was similar to the one of palm oil.

Miraculin is a sweet-inducing active protein that comes from miracle fruit and
shows many benefits to human. However, optimization of efficient purification
method of miraculin from miracle fruit has not been reported in the literature.
Immobilized metal ion affinity chromatography (IMAC) with nickel-NTA was
employed for miraculin purification from the extract of the pulp with optimization.
The effect of extraction buffer on the amount of the extracted total protein was
evaluated. This study demonstrated IMAC could be applied as one step process for
purification of miraculin. The preferred conditions for high performance of IMAC
with nickel-NTA were obtained with the use of crude extract at pH 7, Tri-HCI
buffer at pH 7, and 300 mM imidazole with pH 8 used as elution buffer upon. The
effect of optimizing crude extract was more important than optimizing the binding
buffer. In elution stage, the effect of imidazole was more important than acetic
acid. The IMAC charging with nickel was successfully used to purify miraculin
from S. dulcificum with the yield and purity of 80.3% and 97.5%, respectively.

To reduce the purification cost, the possibility of using reverse micelle extraction
(RME) for miraculin purification was also explored. Results from this study have
demonstrated that reverse micelle formed by AOT/isooctane system can be applied
as simple, convenient and low-cost process for the purification of miraculin from
miracle fruit. Different effects for forward extraction and backward stripping were
examined. Crude at pH 8 as the aqueous phase and 100 mM AQOT/isooctane as the
solvent phase during forward extraction; 0.5 M NaCl solution at pH 11, without
isopropanol, as the aqueous phase during backward stripping were the optimal
conditions to purify miraculin by the RME system. The maximum purification
factor, purity and total purified miraculin obtained by RME were 1.63, 94.78% and
41.52 pg/mL, respectively.
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Synsepalum dulcificum, merupakan sejenis buah beri yang diketahui apabila
dimakan akan menyebabkan makanan yang masam bertukar menjadi rasa manis.
Kesan ini adalah disebabkan oleh glikoprotein, miraculin. Pada masa Kini,
pengkomersialan miraculin sedang dijalankan. Satu kaedah penulenan yang cepat,
mudah, cekap dan kos rendah untuk mengekstrak protein miraculin amat
diperlukan. Selain itu, penggunaan keseluruhan buah perlu diterokai untuk mencari
potensi kegunaan buah ajaib. Kajian ini bertujuan untuk menulenkan miraculin
secara terus daripada buah ajaib, mencirikan minyak daripada biji buah ajaib dan
menentukan bioaktiviti seperti aktiviti antioksidan daripada bahagian-bahagian
lain buah ajaib.

Bagi memberikan kefahaman yang lebih jelas berkenaan buah ajaib yang tidak
boleh ditemui dalam kajian bertulis, beberapa sifat-sifat fizik-kimia termasuk
peratus berat dan unsur-unsur nutrisi (abu, protein kasar, lemak, jumlah serat
dietari, karbohidrat, vitamin A dan vitamin C) buah ajaib telah ditentukan. Jumlah
kandungan antosianin dalam kulit ditentukan dengan menggunakan kaedah
pembezaan pH. Kandungan fenol di dalam benih, kulit dan pulpa ditentukan
dengan menggunakan kaedah kolorimetrik Folin-Ciocalteau. Aktiviti antioksidan
di dalam benih, kulit dan pulpa dianalisis dengan menggunakan kaedah
pemerangkapan radikal bebas DPPH. Kajian mendapati bahawa kandungan
vitamin C dan kandungan fenolik dalam isi buah ajaib adalah sangat tinggi yang
menyumbangkan kepada aktiviti antioksidan yang tinggi. Di samping itu,
kandungan gula yang agak rendah dalam buah ajaib menjadikannya penting
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sebagai makanan yang sihat, terutama bagi pesakit diabetes dan obesiti dengan
mempertimbangkan potensinya sebagai bahan farmaseutik yang bermanfaat.

Minyak biji buah ajaib diekstrak daripada serbuk halus biji buah ajaib dengan
menggunakan pemerah Soxhlet bersama eter petroleum. Profil trigliserida
ditentukan oleh HPLC, komposisi asid lemak ditentukan oleh analisis GC selepas
pengesteran metil, sifat haba ditentukan dengan kalorimeter pengimbasan
perbezaan. Profil trigliserida dan komposisi asid lemak bebas menunjukkan
bahawa asid lemak dalam minyak biji buah ajaib adalah sama dengan minyak
sawit.

Miraculin adalah protein aktif yang merangsangkan rasa manis buah ajaib dan
menunjukkan banyak faedah kepada manusia. Walau bagaimanapun, kaedah
penulenan miraculin dari buah ajaib yang cekap tidak pernah dilaporkan.
Kromatografi afiniti logam ion terikat (IMAC) dengan nikel-NTA digunakan
untuk penulenan miraculin daripada ekstrak pulpa dengan pengoptimuman. Kesan
penggunaan penimbal dalam pengekstrakan keatas jumlah protein yang diekstrak
juga dianalisis. Kajian ini menunjukkan IMAC boleh digunakan sebagai salah satu
kaedah untuk proses penulenan miraculin. Keputusan kajian menunjukkan
pengaruh pH penimbal ikatan, pH ekstrak mentah dan kepekatan imidazole dalam
penimbal elusi pada prestasi IMAC dengan nikel-NTA. Kesan pengoptimuman
ekstrak mentah adalah lebih penting daripada pengoptimuman penimbal ikatan.
Pada peringkat elusi, kesan imidazole adalah lebih penting daripada asid asetik.

Demi mengurangkan Kkos penulenan, penggunaan '“reverse micelle” untuk
penulenan miraculin juga diterokai. Hasil daripada kajian ini menunjukkan bahawa
"reverse micelle" yang dibina daripada sistem AOT/isooktana boleh digunakan
sebagai proses yang mudah, cekap dan kos rendah untuk penulenan miraculin
daripada buah ajaib. Kesan yang berbeza untuk pengekstrakan hadapan dan
pengupasan belakang juga telah dikaji. Hasil kajian menunjukkan bahawa pH
merupakan faktor yang penting bagi kaedah penulenan ini, manakala kepekatan
AOT dan kepekatan NaCl juga menjejaskan angkali hasil dan peratus ketulenan.



ACKNOWLEDGEMENTS

I would like to address my special thanks to the Chairman of the Supervisory
Committee, Professor Dr. Arbakariya B. Ariff who accepted me as his graduate
student and guiding me through my study with his enthusiasm, encouragement and
deep knowledge in biotechnology. | would also like to acknowledge his generous
guidance, kindness, thoughtfulness and helpful and valuable support shown to me
throughout my study path. Without him, it may not have been possible to upgrade
from my degree level to a Master. Further, | would like to extend my gratitude to
my co-supervisor, Professor Dr. Lai Oi Ming for her professional guidance, moral
support and helpfulness throughout my research. Thank you all once again.

All my fellow researchers cum friends in Laboratory of Immunotherapeutics and
Vaccines (LIVES) (Dr. Tan Joo Shun, Tam Yew Joon and others) and FTU (Dr.
Shamzi, Dr. Sahar and others) and Institute of Biosains (IBS) (Tekkim, Lee and
others) for their help and support. | cannot forget to give my heartiest thanks to my
research brothers Yu Kiat and others for sharing with me their knowledge and
working experience, and also various things about life. I owe them so much for
their friendship, trust, collaboration and endless support through these years.
Special thanks are also due to all the staff of LIVES, IBS and Biotech 3 for their
kind assistance in all the matters.

I am indebted to my beloved mother and family for their tolerance, sacrifices and
patience as they were unable to see me at all during this Master career.



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:

Arbakariya B. Ariff, PhD

Professor

Faculty of Biotechnology and Biomolecular Sciences,
Universiti Putra Malaysia

(Chairman)

Lai Oi Ming, PhD

Professor

Faculty of Biotechnology and Biomolecular Sciences,
Universiti Putra Malaysia

(Member)

BUJANG KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



Declaration by Graduate Student

I hereby confirm that:

e This thesis is my original work;

e Quotations, illustrations and citations have been duly referenced,

e 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;

e 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, seminar papers,
manuscripts, posters, reports, lecture notes, learning modules or any other
materials as stated in the Universiti Putra Malaysia (Research) Rules
2012;

e 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: He Zuxing (GS33214)

viii



Declaration by Members of Supervisory Committee

This is to confirm that:

e the research conducted and the writing of this thesis was under our
supervision;

e  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:  Professor Dr. Arbakariya B. Ariff, PhD

Signature:
Name of Member of
Supervisory Committee:  Professor Dr. Lai Oi Ming, PhD




TABLE OF CONTENTS

ABSTRACT

ABSTRAK
ACKNOWLEDGEMENTS
APPROVAL
DECLARATION

LIST OF TABLES

LIST OF FIGURES

LIST OF APPENDICES
LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION
1.1 Background
1.2 Objectives

2 LITERATURE REVIEW
2.1 Synsepalum dulcificum
2.1.1 Background
2.1.2  Usage of miracle fruit
2.2 Physico-chemical properties of miracle fruit
2.2.1 Seed oil of miracle fruit
2.2.2 Antioxidants
2.2.3  Phenolic compounds
2.2.4  Anthocyanins
2.3 Miraculin
2.3.1 Sweet-inducing activity of miraculin
2.3.2 Classification of miraculin
2.3.3 Recent studies about miraculin
2.4 Purification strategies for protein
2.4.1 Chromatography technique
2.4.2  Electrophoresis
2.4.3 Liquid-liquid extraction
2.5 Extraction of miraculin
2.6 Purification of miraculin
2.6.1 Immobilized metal affinity chromatography (IMAC)
2.6.1.1 Ni-NTA technology
2.6.1.2 Application of IMAC
2.6.2 Reverse micelle extraction (RME)
2.6.2.1 Formation of RME
2.6.2.2 Application of RME
2.6.3 Historical purification methods of miraculin
2.7 Concluding remarks

111

VIII
IX
XIII
X1v
XVI
Xvil

N B =

O©C O NN OO~ WWW



THE PHYTOCHEMICALS WITH ANTIOXIDANT
PROPERTIES OF MIRACLE FRUIT SYNSEPALUM
DULCIFICUM
3.1 Introduction
3.2 Materials and methods
3.2.1 Miracle fruit
3.2.2 Proximate physico-chemical analysis
3.2.3 Determination of anthocyanin, total phenolic, and
antioxidant
3.2.3.1 Sample preparation
3.2.3.2 Determination of total antioxidant
3.2.3.3 Determination of phenolic content
3.2.3.4 Determination of total anthocyanin content
3.2.4 Characterization of seed oil of miracle fruit
3.2.4.1 Seed oil extraction
3.2.4.2 GC analysis of seed oil of miracle fruit
3.2.4.3 Determination of thermal behaviour of seed oil
of miracle fruit
3.2.4.4 Acylglycerol composition
3.3 Results and discussion
3.3.1 Proximate chemical analysis
3.3.2 Determination of antioxidant phenolic, and
anthocyanin content
3.3.3 Proximate analysis of seed oil of miracle fruit
3.3.3.1 Melting and crystallizing behavior
3.3.3.2 Fatty acid composition
3.3.3.3 Triacylglycerol (TAG) composition analysis
3.4 Summary

SINGLE-STEP PURIFICATION OF MIRACULIN FROM
SYNSEPALUM DULCIFICUM BY IMMOBILIZED METAL
ION AFFINITY CHROMATOGRAPHY
4.1 Introduction
4.2 Materials and methods

4.2.1 Miracle fruits

4.2.2 Preparation of miraculin extract

4.2.3 Purification of miraculin using IMAC

4.2.4 Reversed-phase high-performance liquid

chromatography analysis

4.2.5 Thin-layer chromatography analysis

4.2.6 SDS-PAGE analysis

4.2.7 Determination of protein content
4.3 Results and discussion

4.3.1 Influence of extraction buffer on protein extraction

Xi

29
29
31
31
31

31
31
32
32
32
33
33
33

34
34
35
35

36
39
39
40
43
45

47
47
48
48
48
48

49
49
49
50
51
51



4.3.2 Optimization of different parameters for miraculin
purification using IMAC
4.3.2.1 Effect of different binding buffers
4.3.2.2 Effect of the pH of the crude extract
4.3.2.3 Effect of pH of the binding buffer
4.3.2.4 Effect of the type of elution buffer and the
concentration of imidazole
4.3.3 Determination of the purity of the target fraction
4.4 Summary

5 REVERSE MICELLAR EXTRACTION OF MIRACULIN
FROM SYNSEPALUM DULCIFICUM
5.1 Introduction
5.2 Materials and methods
5.2.1 Miracle fruits and miraculin standard
5.2.2 Chemicals
5.2.3 Preparation of miraculin extract
5.2.4 Forward extraction
5.2.5 Backward stripping
5.2.6 Total protein assay
5.2.7 Reverse-Phase High Performance Liquid
Chromatography (RP-HPLC) analysis
5.2.8 SDS-PAGE and silver staining
5.2.9 Definition and calculation of purification
performance
5.3 Results and discussion
5.3.1 Effect of AOT concentration in forward extraction
5.3.2 Effect of pH of crude in forward extraction
5.3.3 Effect of isopropanol concentration in backward
stripping
5.3.4 Effect of pH in backward stripping
5.3.6 Effect of salt concentration in backward stripping
5.3.6 Determination of the purity of miraculin after reverse
micelle treatment
5.4 Summary

6 CONCLUSION AND RECOMMENDATION FOR FUTURE
STUDIES
6.1 Conclusions
6.2 Recommendations for future work

REFERENCES
APPENDICES

BIODATA OF STUDENT
LIST OF PUBLICATIONS

Xii

52
52
53
54

55
57
61

63
63
64
64
64
64
64
65
65

65
65

66
67
67
69

71
73
75

77
80

81
81
82

83
96
103
104



LIST OF TABLES

Table Page
2.1 The commonly used surfactants, solvents and co-

surfactants 21
2.2 Some enzymes/proteins studied in reverse micellar

system 24
3.1 The percentage of water, pulp, seeds and skin

contributed to fresh weight and freeze-dried

weight of miracle fruit 35
3.2 Proximate chemical composition of miracle fruit

fleshes 36
3.3 Total anthocyanin, phenolic, flavonoid and

antioxidant content in different parts of miracle

fruit 37
34 Fatty acid composition of miracle fruit seed oil

and other plant oils 41
35 TAG profile of miracle fruit seed oil and some

other plant oils. L, linoleic acid; Ln, linolenic acid;
O, oleic acid; P, palmitic acid; M, myristic acid; S,
stearic acid. Others include DAG and /or
unidentified TAG. For MFSO, the DAG is 22.5%

(Source: (Lee et al., 2013a; Lida et al., 2002) 44
4.1 Effect of ionic strength of extraction buffer on

protein extraction 52
4.2 Effect of different elution buffers on elution

volume using IMAC 56
4.3 Total yield and purity of miraculin under optimum

IMAC conditions. 60
51 Total yield and purity of miraculin purified under

highest purity reverse micelle condition 79

Xiii



Figure

2.1

2.2

2.3
24
2.5a
2.5b
2.6a
2.6b

2.7

2.8
3.1
3.2
3.3

4.1

4.2

4.3

4.4

LIST OF FIGURES

Photograph of miracle fruit, showing its skin, pulp
and seed

Commercialized tablets produced from miracle
fruit

General structure of anthocyanidin

Schematic diagram of IMAC procedure

Structure of Ni-IDA

Structure of Ni-NTA

Procedure of a single stage reverse micelle method
Procedure of two stages of reverse micelle method

Schematic  representation  of  biopolymer
separation by reverse micelle method

Structure of surfactant

Photograph of fruit of S. dulcificum

DSC profile of miracle fruit seed oil

TAG profile of miracle fruit seed oil

RP-HPLC chromatography of three crude extract
samples using different extraction buffers (0.2 M
PBS pH 7, 0.2 M Tris-HCI pH 7, and 0.5 M NaCl
pH 6.8)

Effect of type of buffer on adsorption of miraculin

Effect of pH of the crude extract on adsorption of
miraculin

Effect of pH of the binding buffer on adsorption of
miraculin

Xiv

Page

13
15
15
18

19

20
21
29
40

43

51

53

54

55



45

4.6

4.7

4.8

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

Effect of imidazole concentration in elution buffer
on elution of miraculin

RP-HPLC chromatography of the target fraction.
0.3 mL of the target fraction was used

TLC chromatograms of (a) the crude extract and
(b) the target fraction

SDS-PAGE gel of purified miraculin

Effect of different AOT concentrations in forward
extraction stage

Effect of different pHs in crude on the efficiency
of forward extraction stage

HPLC chromatography of miraculin modifying
crude in pH 3 and pH 7 in forward extraction
stage

Effect of different isopropanol concentrations in
aqueous phase on the efficiency of backward
extraction stage

Effect of different pHs in aqueous phase on the
efficiency of backward extraction stage

Effect of different salt concentrations in aqueous
phase on the efficiency of backward extraction
stage

RP-HPLC chromatogram of miraculin using
reverse micelle under highest purity conditions

SDS-PAGE silver staining gel of crude and
purified miraculin

XV

57

58

59

59

68

70

71

72

74

76

77

78



LIST OF APPENDICES

Appendix Page
A Trolox standard curve 96
B Miraculin standard curve using HPLC 97
C BSA standard curve using standard procedure

with microtiter plate 98
D BSA standard curve using microassay procedure

with microtiter plate 100
E RP-HPLC of miraculin standard in RME 101
F Turbid aqueous phase in the optimization of NaCl

concentration in RME 102

XVi



LIST OF ABBREVIATIONS

ABTS 2, 2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid
AOT Aerosol-OT

Ag-RP-HPLC RP-HPLC combined with silver chromatography
ATPS Aqueous two-phase systems

BSA Bovine serum albumin

DPPH 2,2-diphenyl-1-picrylhydrazyl

DsC Differential scanning colourmetric
EDTA Ethylenediaminetetra acetic acid

ELSD Evaporative light scattering detector

ESR Electron spin resonance

FA Fatty acids

FAMEs Fatty acid methyl ester

FDA Food and Drug Administration

FID Flame ionization detector

FRAP Ferric reducing ability of plasma

FW Fresh fruit weight

GAE Gallic acid equivalents

GC Gas chromatography

GLC Gas-liquid chromatography

HPLC High-performance liquid chromatography
IDA Iminodiacetic acid

IMAC Immobilized-Metal Affinity Chromatography
LDL Low-density lipoprotein

MFSO Miracle fruit seed oil

MPP Dipalmitic-myristic acid

NTA Nitrilotriacetic acid

NUS Neglected and underutilized species

OLL Dilinoleic-oleic acid

ooL Dioleic-linoleic acid

000 Oleic acid

ORAC Oxygen radical absorbance capacity

pl Isoelectric point value

PLL Dilinoleic-palmitic acid

PLP Dipalmitic-linoleic acid

POL Palmitic-oleic-linoleic acid

POO Dioleic-palmitic acid

POP Dipalmitic-oleic acid

POS Palmitic-oleic-stearic acid

PPP Palmitic acid

PPS Dipalmitic-stearic acid

PSS Distearic-palmitic acid

RME Reverse micelle extraction

RP-HPLC Reversed-phase high-performance liquid chromatography
SO0 Dioleic-stearic acid

TAG Triacylglycerols

XVii



TLC Thin-layer chromatography
Trolox (S)-(-)-6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid

Xviii



CHAPTER 1

INTRODUCTION

1.1 Background

The miracle fruit, Synsepalum dulcificum, is an evergreen shrub which belongs to
the Sapotaceae family and Synsepalum genus. Among the 53 species identified in
this genus (Anderberg and Swenson, 2003; Ayensu, 1972), Synsepalum dulcificum
is the most widely known species. The plant was first discovered in West Africa,
from Ghana to Congo (Wang et al., 2011), where the native diet revolved around a
few basic foods, mostly of sour taste (Sun et al., 2006b). The sweet inducing active
ingredient in S. dulcificum, known as miraculin, is a glycoprotein which can make
the sour taste substances such as citric acid, ascorbic acid, acetic acid and
hydrochloric acid to be tasted as sweet after consumption (Gibbs et al., 1996).
Thus, miraculin may be used as low-calorie sweeteners because it has such
distinctive ability but has almost no calories (Kant, 2005).

Human has used plant oil for hundreds of years. Plant oil is widely used as cooking
oils salad oils, liquid and solid shortenings, ingredients in bakery products and
fried foods (Cunha and Oliveira, 2006). Plant oil is also used in soap making,
emulsions, lubricants, polyurethanes, insulation and also substrate such as
Jatropha curcas oil for biodiesel production (Foidl et al., 1996). Plant oil is also
the essential oil that fulfill the requirement of potential pharmaceutics and
therapeutics. Essential oils have shown cancer inhibition activity to many kinds of
human cancer cell lines including human liver tumor, glioma, gastric cancer and
colon cancer (Edris, 2007). The oil can be extracted from the plant seed which may
have the potential to be applied as edible oil and essential oil.

Most free radicals in chemicals, food, and even in living systems are produced
from the processes of oxidation. Although free radicals are important in food and
chemical material degradation, more than one hundred disorders or diseases in
humans are associated with free radicals (Gorghiu et al., 2004; Jalil and Ismail,
2008; Ye and Song, 2008). Nucleic acids, proteins and lipids are easily oxidized by
highly reactive free radical and oxygen species presence in biological systems,
resulting in degenerative disease (Bourgeois, 2003). Antioxidants such as
tocopherols, polyphenols, glutathione, and carotenoids significantly prevent or
delay the oxidation of substrates that easily oxidable (Pisoschi et al., 2009).

Phenolics and their functional derivatives are the substances possessing an
aromatic ring bearing one or more hydroxyl group. Phenolics play an important
role as free radical scavengers and chelators of pro-oxidant metals in plant

1



secondary metabolites and thus preventing low-densiy lipoprotein oxidation and
DNA strand scission or enhancing immune function (Shahidi and Naczk, 2003).
Fruits and vegetables naturally contain abundant of anthocyanins. According to
Hertog et al. (1993), People intake anthocyanins about 200 mg per day in the
United States while the other dietary flavonoids daily intake is only 20 to 25 mg.
Moreover, anthocyanin content of foods has many possible health benefits and
thus leads to an increasing concern. For example, a study led by Wang has shown
that anthocyanins exhibited anti-carcinogenic activity against tumor types in vivo
and multiple cancer cell types in vitro (Wang and Stoner, 2008).

The purification of miraculin has been studied by several researchers (Duhita et al.,
2009; Duhita et al., 2011; Inglett et al., 1965; Theerasilp and Kurihara, 1988).
Immobilized metal affinity chromatography (IMAC) was the most recent method
used for the purification of miraculin from biological sources (Duhita et al., 2009).
IMAC has been utilized for protein purification for decades. It is one of the
powerful tools to purify target protein from the crude with a large amount of
impurities in single step purification.

In the past few decade, reverse micelle has successfully been applied as a novel
method for separating and purifying many biological products, thus attracting a lot
of attention (Leser and Luisi, 1990; Ono et al., 1996). As reverse micelle provides
a special microenvironment in a bulk organic medium that retain the structure of
biomolecules (Ono et al., 1996), a biotechnology application of reverse micelle as
an alternative for solvent extraction methods has been developed.

1.2 Obijectives

The main objectives of the present study were as follows:

1. To characterize miracle fruit seed oil and physico-chemical
properties of miracle fruit

2. To purify miraculin from miracle fruit extract using immobilized
metal ion affinity chromatography (IMAC)

3. To purify miraculin from miracle fruit extract using reverse micelle
extraction (RME) method



REFERENCES

Abu-Arabi, M., M. Allawzi, H. Al-Zoubi, and A. Tamimi. 2000. Extraction of
jojoba oil by pressing and leaching. Chemical Engineering Journal.
76:61-65.

Achel, D.G., d. Robert Asare Acquaah, G.E. Armah, and M. Belew. 1999.
Purification of miraculin glycoprotein using tandem hydrophobic
interaction chromatography. Google Patents.

Acosta-Estrada, B.A., J.A. Gutiérrez-Uribe, and S.O. Serna-Saldivar. 2014. Bound
phenolics in foods, a review. Food Chem. 152:46-55.

Adachi, M., K. Shibata, A. Shioi, M. Harada, and S. Katoh. 1998. Selective
separation of trypsin from pancreatin using bioaffinity in reverse micellar
system composed of a nonionic surfactant. Biotechnol. Bioeng. 58:649-
653.

Ainsworth, E.A., and K.M. Gillespie. 2007. Estimation of total phenolic content
and other oxidation substrates in plant tissues using Folin-Ciocalteu
reagent. Nat. Protoc. 2:875-877.

Aires-Barros, M., and J. Cabral. 1991. Selective separation and purification of two
lipases from chromobacterium viscosum using AOT reversed micelles.
Biotechnol. Bioeng. 38:1302-1307.

Ajewole, K., and A. Adeyeye. 1991. Seed oil of white star apple (Chrysophyllum
albidum)-physicochemical characteristics and fatty acid composition. J.
Sci. Food Agric. 54:313-315.

Ajiwe, V., C. Okeke, B. Nnabuike, G. Ogunleye, and E. Elebo. 1997. Applications
of oils extracted from African star apple ( Chrysophyllum africanum),
horse eye bean ( Mucuna sloanei) and African pear ( Dacryodes edulis)
seeds. Bioresour. Technol. 59:259-261.

Akbar, E., Z. Yaakob, S.K. Kamarudin, M. Ismail, and J. Salimon. 2009.
Characteristic and composition of Jatropha curcas oil seed from
Malaysia and its potential as biodiesel feedstock feedstock. Eur. J. Sci.
Res. 29:396-403.

Albertsson, P.A. 1971. Partition of cell particles and macromolecules.

Amaral, J.S., S. Casal, I. Citov4, A. Santos, R.M. Seabra, and B.P. Oliveira. 2006.
Characterization of several hazelnut (Corylus avellana L.) cultivars based
in chemical, fatty acid and sterol composition. Eur. Food Res. Technol.
222:274-280.

Anderberg, A.A., and U. Swenson. 2003. Evolutionary lineages in Sapotaceae
(Ericales): a cladistic analysis based on ndhF sequence data. Int. J. Plant
Sci. 164:763-773.

Ando, S., N.-C. Chang, and R.K. Yu. 1978. High-performance thin-layer
chromatography and densitometric determination of brain ganglioside
compositions of several species. Analytical Biochemistry. 89:437-450.

Andrews, B., D. Pyle, and J. Asenjo. 1994. The effects of pH and ionic strength on
the partitioning of four proteins in reverse micelle systems. Biotechnology
and Bioengineering. 43:1052-1058.

83



Anjana, P., A.P. Kumar, P. Sirivansh, P. Suryaprakash, and R.S. Kumar. 2010.
Reverse micelles extraction of Lactoferrin using cationic surfactant from
Whey. International Journal of Chemical Science. 8:49-56.

Aparicio, R., and R. Aparicio-Ruiz. 2000. Authentication of vegetable oils by
chromatographic techniques. J. Chromatogr. A. 881:93-104.

Ariffin, A.A., J. Bakar, C.P. Tan, R.A. Rahman, R. Karim, and C.C. Loi. 2009.
Essential fatty acids of pitaya (dragon fruit) seed oil. Food Chem.
114:561-564.

Arnold, F.H. 1991. Metal-affinity separations: a new dimension in protein
processing. Nat. Biotechnol. 9:151-156.

Ayensu, E.S. 1972. Morphology and anatomy of Synsepalum dulcificum
(Sapotaceae). Botanical journal of the Linnean Society. 65:179-187.

Benzie, I.F., and J. Strain. 1996. The ferric reducing ability of plasma (FRAP) as a
measure of “antioxidant power”: the FRAP assay. Analytical
biochemistry. 239:70-76.

Boden, V., JJ. Winzerling, M. Vijayalakshmi, and J. Porath. 1995. Rapid one-step
purification of goat immunoglobulins by immobilized metal ion affinity
chromatography. J. Immunol. Methods. 181:225-232.

Bonanome, A., and S.M. Grundy. 1988. Effect of dietary stearic acid on plasma
cholesterol and lipoprotein levels. New England Journal of Medicine.
318:1244-1248.

Bordonaba, J.G., and L.A. Terry. 2008. Biochemical profiling and chemometric
analysis of seventeen UK-grown black currant cultivars. J. Agric. Food
Chem. 56:7422-7430.

Bors, W., W. Heller, C. Michel, and M. Saran. 1990. Flavonoids as antioxidants:
determination of radical-scavenging efficiencies. Methods in Enzymology.
186:343.

Bors, W., C. Michel, and M. Saran. 1994. Flavonoid antioxidants: rate constants
for reactions with oxygen radicals. Methods in enzymology (USA).
Bourgeois, C.F. 2003. Antioxidant vitamins and health: cardiovascular disease,

cancer, cataracts, and aging. Hnb Pub.

Bradford, M.M. 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Analytical Biochemistry. 72:248-254.

Brand-Williams, W., M. Cuvelier, and C. Berset. 1995. Use of a free radical
method to evaluate antioxidant activity. LWT-Food Sci. Technol. 28:25-
30.

Brouwer, J., H. Van Der Wel, A. Francke, and G. Henning. 1968. Miraculin, the
sweetness-inducing protein from miracle fruit. Nat. 220:373-374.
Buckmire, R., and F. Francis. 1976. Anthocyanins and flavonols of miracle fruit,

Synsepalum dulcificum, Schum. J. Food Sci. 41:1363-1365.

Cao, G., H.M. Alessio, and R.G. Cutler. 1993. Oxygen-radical absorbance capacity
assay for antioxidants. Free. Radical Bio. Med. 14:303-311.

Cardoso, M.M., M.J. Barradas, K.H. Kroner, and J.G. Crespo. 1999. Amino acid
solubilization in cationic reversed micelles: factors affecting amino acid
and water transfer. J. Chem. Technol. Biot. 74:801-811.

84



Carelli, A.A., and A. Cert. 1993. Comparative study of the determination of
triacylglycerol in vegetable oils using chromatographic techniques. J.
Chromatogr. A. 630:213-222.

Carlson, A., and R. Nagarajan. 1992. Release and recovery of porcine pepsin and
bovine chymosin from reverse micelles: a new technique based on
isopropy! alcohol addition. Biotechnol. Progr. 8:85-90.

Castafieda-Ovando, A., M.d.L. Pacheco-Hernandez, M.E. P&ez-Hernandez, J.A.
Rodriguez, and C.A. Galan-Vidal. 2009. Chemical studies of
anthocyanins: a review. Food Chem. 113:859-871.

Chang, G.-G., T.-M. Huang, and H.-C. Hung. 2000. Reverse micelles as life-
mimicking systems. Proceedings of the National Science Council,
Republic of China. Part B, Life sciences. 24:89.

Chang, Q.-L., J.-Y. Chen, X.-F. Zhang, and N.-M. Zhao. 1997. Effect of the
cosolvent type on the extraction of a-amylase with reversed micelles:
circular dichroism study. Enzyme Microb. Tech. 20:87-92.

Chen, C.-Y., Y.-D. Wang, and H. Wang. 2010a. Chemical constituents from the
roots of Synsepalum dulcificum. Chemistry of Natural Compounds.
46:448-449.

Chen, C., Y. Wang, and H. Wang. 2010b. Chemical constituents from the leaves of
Synsepalum dulcificum. Chemistry of Natural Compounds. 46:495-495.

Chen, C.C., I.M. Liu, and J.T. Cheng. 2006a. Improvement of insulin resistance by
miracle fruit (Synsepalum dulcificum) in fructose-rich chow-fed rats.
Phytother. Res. 20:987-992.

Chen, X.W., T.L. Abdullah, N.A.P. Abdullah, and S.A. Hassan. 2012. Rooting
response of miracle fruit (Synsepalum dulcificum) softwood cuttings as
affected by indole butyric acid. Am. J. Agric. Biol. Sci. 7.

Chen, Y.-L., C.-K. Su, and B.-H. Chiang. 2006b. Optimization of reversed
micellar extraction of chitosanases produced by Bacillus cereus. Process
Biochem. 41:752-758.

Christie, W.W. 1997. Advances in lipid methodology. Elsevier.

Chu, Y.H., C.L. Chang, and H.F. Hsu. 2000. Flavonoid content of several
vegetables and their antioxidant activity. J. Sci. Food Agric. 80:561-566.

Chuo, S.C., S.H. Mohd-Setapar, S.N. Mohamad-Aziz, and V.M. Starov. 2014. A
new method of extraction of amoxicillin using mixed reverse micelles.
Colloids and Surfaces A: Physicochemical and Engineering Aspects.

Cunha, S.C., and M. Oliveira. 2006. Discrimination of vegetable oils by
triacylglycerols evaluation of profile using HPLC-ELSD. Food Chem.
95:518-524.

Daniell, W. 1851. On the Synsepalum dulcificum, de cand or miraculous berry of
western africa. Pharm. J. 2:445-448.

Dekker, M., R. Hilhorst, and C. Laane. 1989. Isolating enzymes by reversed
micelles. Analyt. Biochem. 178:217-226.

Dodd, 1., S. Jalalpour, W. Southwick, P. Newsome, M. Browne, and J. Robinson.
1986. Large scale, rapid purification of recombinant tissue-type
plasminogen activator. FEBS letters. 209:13-17.

Du, G.,, M. Li, F. Ma, and D. Liang. 2009. Antioxidant capacity and the
relationship with polyphenol and Vitamin C in Actinidia fruits. Food
Chem. 113:557-562.

85



Dudonne, S., X. Vitrac, P. Coutiere, M. Woillez, and J.-M. Merillon. 20009.
Comparative study of antioxidant properties and total phenolic content of
30 plant extracts of industrial interest using DPPH, ABTS, FRAP, SOD,
and ORAC assays. J. Agric. Food Chem. 57:1768-1774.

Duhita, N., K. Hiwasa-Tanase, S. Yoshida, and H. Ezura. 2009. Single-step
purification of native miraculin using immobilized metal-affinity
chromatography. Journal of Agricultural and Food Chemistry. 57:5148-
5151.

Duhita, N., K. Hiwasa-Tanase, S. Yoshida, and H. Ezura. 2011. A simple method
for purifying undenatured miraculin from transgenic tomato fruit. Plant
Biotechnology:1104040027.

Dungan, S.R., T. Bausch, T.A. Hatton, P. Plucinski, and W. Nitsch. 1991.
Interfacial transport processes in the reversed micellar extraction of
proteins. Journal of Colloid and Interface Science. 145:33-50.

Edem, D. 2002. Palm oil: Biochemical, physiological, nutritional, hematological
and toxicological aspects: A review. Plant Food Hum. Nutr. 57:319-341.

Edris, A.E. 2007. Pharmaceutical and therapeutic potentials of essential oils and
their individual volatile constituents: a review. Phytother. Res. 21:308-
323.

Ercisli, S., and E. Orhan. 2008. Some physico-chemical characteristics of black
mulberry ( Morus nigra L.) genotypes from Northeast Anatolia region of
Turkey. Sci. Horticult. 116:41-46.

Eremin, A., A. Litvinchuk, and D. Metelitsa. 1996. Operational stability of
catalase and its conjugates with aldehyde dextrans and superoxide
dismutase. Biokhimiia. 61:664-679.

Escarpa, A., and M. Gonzalez. 2001. An overview of analytical chemistry of
phenolic compounds in foods. Crti. Rev. Anal. Chem. 31:57-139.
Eyduran, Y.S.A.S.P. 2006. Raspberry, blackberry and currant’s usefullness in

terms of human health. Res. J. Agric. & Biol. Sci. 2:314-315.

Fan-Chiang, H.-j. 1999. Anthocyanin pigment, nonvolatile acid and sugar
composition of blackberries.

Figueroa, A., C. Corradini, B. Feibush, and B.L. Karger. 1986. High-performance
immobilized-metal affinity chromatography of proteins of iminodiacetic
acid silica-based bonded phases. J. Chromatogr. A. 371:335-352.

Foidl, N., G. Foidl, M. Sanchez, M. Mittelbach, and S. Hackel. 1996. Jatropha
curcas L. as a source for the production of biofuel in Nicaragua.
Bioresour. Technol. 58:77-82.

Fourie, P.C., C.F. Hansmann, and H.M. Oberholzer. 1991. Sugar content of fresh
apples and pears in South Africa. J. Agric. Food Chem. 39:1938-19309.

Gaberc-Porekar, V., and V. Menart. 2001. Perspectives of immobilized-metal
affinity chromatography. J. Biochem. Biophys. Methods. 49:335-360.

Gibbs, B.F., I. Alli, and C. Mulligan. 1996. Sweet and taste-modifying proteins: a
review. Nutrition Research. 16:1619-1630.

Giroux, E.L., and R.I. Henkin. 1974. Purification and some properties of miraculin,
a glycoprotein from Synsepalum dulcificum which provokes sweetness
and blocks sourness. Journal of Agricultural and Food Chemistry.
22:595-601.

86



Giusti, M.M., and R.E. Wrolstad. 2001. Characterization and measurement of
anthocyanins by UV-visible spectroscopy. In Current protocols in food
analytical chemistry. John Wiley & Sons, Inc.

Goklen, K.E., and T.A. Hatton. 1987. Liquid-liquid extraction of low molecular-
weight proteins by selective solubilization in reversed micelles. Separ. Sci.
Technol. 22:831-841.

Gorghiu, L., S. Jipa, T. Zaharescu, R. Setnescu, and I. Mihalcea. 2004. The effect
of metals on thermal degradation of polyethylenes. Polymer Degradation
and Stability. 84:7-11.

Griffin, W.C. 1946. Classification of surface-active agents by "HLB". J Soc
Cosmetic Chemists. 1:311-326.

Grinberg, N., R. Blanco, D. Yarmush, and B. Karger. 1989. Protein aggregation in
high-performance liquid chromatography: hydrophobic interaction
chromatography of beta-lactoglobulin A. Anal. Chem. 61:514-520.

Guarrasi, V., M. Mangione, V. Sanfratello, V. Martorana, and D. Bulone. 2010.
Quantification of underivatized fatty acids from vegetable oils by HPLC
with UV detection. J. Chromatogr. Sci. 48:663-668.

Guney, S., and W. Nawar. 1977. Seed lipids of the miracle fruit (Synsepalum
Dulcificum). J. Food Biochem. 1:173-184.

Gunstone, F.D., J.L. Harwood, and A.J. Dijkstra. 2012. The lipid handbook with
CD-ROM. CRC Press.

Harborne, J.B. 1989. Methods in plant biochemistry. Volume 1. Plant phenolics.
Academic Press Ltd.

Hebbar, H.U., and K. Raghavarao. 2007. Extraction of bovine serum albumin
using nanoparticulate reverse micelles. Process Biochem. 42:1602-1608.

Heinonen, .M., P.J. Lehtonen, and A.l. Hopia. 1998. Antioxidant activity of berry
and fruit wines and liquors. Journal of Agricultural and Food Chemistry.
46:25-31.

Hertog, M.G., P.C. Hollman, M.B. Katan, and D. Kromhout. 1993. Intake of
potentially anticarcinogenic flavonoids and their determinants in adults in
The Netherlands. Nutr. Cancer. 20:21-29.

Hochuli, E. 1989. Genetically designed affinity chromatography using a novel
metal chelate absorbent. In Biologically Active Molecules. Springer. 217-
239.

Hong, D.-P., and R. Kuboi. 1999. Evaluation of the alcohol-mediated interaction
between micelles using percolation processes of reverse micellar systems.
Biochemical Engineering Journal. 4:23-29.

Horwitz, W. 1990. Official methods of analysis of the Association of Official
Analytical Chemists. Association of Official Analytical Chemists,
Arlington, VA, USA.

Hou, M.J., and D. Shah. 1987. Effects of the molecular structure of the interface
and continuous phase on solubilization of water in water/oil
microemulsions. Langmuir. 3:1086-1096.

Huang, D., B. Ou, and R.L. Prior. 2005. The chemistry behind antioxidant capacity
assays. Journal of Agricultural and Food Chemistry. 53:1841-1856.

Ichikawa, S., M. Imai, and M. Shimizu. 1992. Solubilizing water involved in
protein extraction using reversed micelles. Biotechnol. Bioeng. 39:20-26.

87



Igeta, H., Y. Tamura, K. Nakaya, Y. Nakamura, and Y. Kurihara. 1991.
Determination of disulfide array and subunit structure of taste-modifying
protein, miraculin. Biochim. Biophys. Acta (BBA) - Prot. Struc. Mol.
Ezym. 1079:303-307.

Inglett, G., B. Dowling, J. Albrecht, and F. Hoglan. 1965. Taste modifiers, taste-
modifying properties of miracle fruit (Synsepalum Dulcificum). Journal
of Agricultural and Food Chemistry. 13:284-287.

Inglett, G.E. 1976. A history of sweeteners-natural and synthetic. Journal of
Toxicology and Environmental Health, Part A Current Issues. 2:207-214.

Inglett, G.E., and D. Chen. 2011. Contents of phenolics and flavonoids and
antioxidant activities in skin, pulp, and seeds of miracle fruit. J. Food Sci.
76:C479-C482.

Isabelle, M., B.L. Lee, M.T. Lim, W.-P. Koh, D. Huang, and C.N. Ong. 2010.
Antioxidant activity and profiles of common fruits in Singapore. Food
Chem. 123:77-84.

Ito, K., T. Asakura, Y. Morita, K.-i. Nakajima, A. Koizumi, A. Shimizu-lbuka, K.
Masuda, M. Ishiguro, T. Terada, and J.-i. Maruyama. 2007. Microbial
production of sensory-active miraculin. Biochemical and Biophysical
Research Communications. 360:407-411.

Jalil, AM.M., and A. Ismail. 2008. Polyphenols in cocoa and cocoa products: is
there a link between antioxidant properties and health? Molecules.
13:2190-22109.

Janknecht, R., G. De Martynoff, J. Lou, R.A. Hipskind, A. Nordheim, and H.G.
Stunnenberg. 1991. Rapid and efficient purification of native histidine-
tagged protein expressed by recombinant vaccinia virus. Proc. Natl. Acad.
Sci. 88:8972-8976.

Janson, J.-C. 2012. Protein purification: principles, high resolution methods, and
applications. John Wiley & Sons.

Jarudilokkul, S., L.H. Poppenborg, F. Valetti, G. Gilardi, and D.C. Stuckey. 1999.
Separation and purification of periplasmic cytochrome c¢553 using
reversed micelles. Biotechnol. Tech. 13:159-163.

Jiang, P., M. Cui, B. Zhao, Z. Liu, L.A. Snyder, L.M. Benard, R. Osman, R.F.
Margolskee, and M. Max. 2005. Lactisole interacts with the
transmembrane domains of human T1R3 to inhibit sweet taste. Journal of
Biological Chemistry. 280:15238-15246.

Johnson, R.D., R.J. Todd, and F.H. Arnold. 1996. Multipoint binding in metal-
affinity chromatography Il. Effect of pH and imidazole on
chromatographic  retention  of  engineered  histidine-containing
cytochromes c. J. Chromatogr. A. 725:225-235.

Kadam, K.L. 1986. Reverse micelles as a bioseparation tool. Enzyme and
Microbial Technology. 8:266-273.

Kéhkonen, M.P., A.l. Hopia, H.J. Vuorela, J.-P. Rauha, K. Pihlaja, T.S. Kujala,
and M. Heinonen. 1999. Antioxidant activity of plant extracts containing
phenolic compounds. Journal of Agricultural and Food Chemistry.
47:3954-3962.

Kahl, R., and H. Kappus. 1993. Toxicology of the synthetic antioxidants BHA and
BHT in comparison with the natural antioxidant vitamin E. Z. Lebensm.
Unters. For. 196:329-338.

88



Kant, R. 2005. Sweet proteins-potential replacement for artificial low calorie
sweeteners. Nutr. J. 4:1-6.

Karlstrom, A.E., and S. Hober. 2006. Chromatographic methods for protein
purification.

Koizumi, A., A. Tsuchiya, K.-i. Nakajima, K. Ito, T. Terada, A. Shimizu-lbuka, L.
Briand, T. Asakura, T. Misaka, and K. Abe. 2011. Human sweet taste
receptor mediates acid-induced sweetness of miraculin. Proc. Natl. Acad.
Sci. 108:16819-16824.

Konczak, 1., and W. Zhang. 2004. Anthocyanins more than nature's colours.
Biomed. Res. Int. 2004:239-240.

Kowalski, B. 1991. Thermal-oxidative decomposition of edible oils and fats. DSC
studies. Thermochim Acta. 184:49-57.

Krei, G.A., and H. Hustedt. 1992. Extraction of enzymes by reverse micelles.
Chem. Eng. Sci. 47:99-111.

Krieger, N., M.A. Taipa, M.R. Aires-Barros, E.H. Melo, J.L. Lima-Filho, and J.
Cabral. 1997. Purification of the penicillium citrinum lipase using AOT
reversed micelles. J. Chem. Technol. Biot. 69:77-85.

Krishna, S.H., N. Srinivas, K. Raghavarao, and N. Karanth. 2002. Reverse micellar
extraction for downstream processing of proteins/enzymes. In History and
Trends in Bioprocessing and Biotransformation. Springer. 119-183.

Kubola, J., S. Siriamornpun, and N. Meeso. 2011. Phytochemicals, vitamin C and
sugar content of Thai wild fruits. Food Chem. 126:972-981.

Kurihara, K., and L.M. Beidler. 1968. Taste-modifying protein from miracle fruit.
Sci. 161:1241-1243.

Kurihara, Y. 1992. Characteristics of antisweet substances, sweet proteins, and
sweetness-inducing proteins. Crit. Rev. Food Sci. Nutr. 32:231-252.

Laemmli, U.K. 1970. Cleavage of structural proteins during the assembly of the
head of bacteriophage T4. Nature. 227:680-685.

Lazarova, Z., and K. Tonova. 1999. Integrated reversed micellar extraction and
stripping of a-amylase. Biotechnol. Bioeng. 63:583-592.

Lee, J., R.W. Durst, and R.E. Wrolstad. 2005. Determination of total monomeric
anthocyanin pigment content of fruit juices, beverages, natural colorants,
and wines by the pH differential method: Collaborative study. Journal of
AOAC international. 88:1269-1278.

Lee, KW., Y.J. Kim, D.-O. Kim, H.J. Lee, and C.Y. Lee. 2003. Major phenolics
in apple and their contribution to the total antioxidant capacity. J. Agric.
Food Chem. 51:6516-6520.

Lee, W.-J., N.-W. Su, M.-H. Lee, and J.-T. Lin. 2013a. Assessment of authenticity
of sesame oil by modified villavecchia test and HPLC-ELSD analysis of
triacylglycerol profile. Food Res. Int. 53:195-202.

Lee, Y.-Y., T.-K. Tang, E.-T. Phuah, N.A. Ab Karim, S.M.M. Alwi, and O.-M. Lai.
2013b. Palm-based medium-and-long-chain triacylglycerol (P-MLCT):
production via enzymatic interesterification and optimization using
response surface methodology (RSM). J. Food Sci. Technol.:1-12.

Leodidis, E.B., and T.A. Hatton. 1990. Amino acids in AOT reversed micelles:
Determination of interfacial partition coefficients using the phase-transfer
method. J. Phys. Chem. 94:6400-6411.

89



Leser, M.E., and P.L. Luisi. 1990. Application of reverse micelles for the
extraction of amino acids and proteins. Chimia. Int. J. Chem. 44:270-282.

Li, R., and G. Cen. 2001. Interaction between immobilized metal and protein in
metal chelate affinity chromatography. Chin. J. Anal. Chem . 30:552-555.

Li, Y., L. Yin, L. Zheng, L. Xu, Y. Xu, Y. Zhao, Y. Qi, J. Yao, X. Han, and K. Liu.
2012. Application of high-speed counter-current chromatography coupled
with a reverse micelle solvent system to separate three proteins from
Momordica charantia. Journal of Chromatography B. 895:77-82.

Lida, H.N., K. Sundram, W. Siew, A. Aminah, and S. Mamot. 2002. TAG
composition and solid fat content of palm oil, sunflower oil, and palm
kernel olein belends before and after chemical interesterification. J. Am.
Oil Chem. Soc. 79:1137-1144.

Liesienedot, J., K. Racaitytedot, M. Morkevic¢ienedot, P. ValanCius, and B.
Bumelis. 1997. Immobilized metal affinity chromatography of human
growth hormone Effect of ligand density. J. Chromatogra. A. 764:27-33.

Lin, J.Y., and C.Y. Tang. 2007. Determination of total phenolic and flavonoid
contents in selected fruits and vegetables, as well as their stimulatory
effects on mouse splenocyte proliferation. Food Chem. 101:140-147.

Lindner, P., B. Guth, C. Wiulfing, C. Krebber, B. Steipe, F. Miller, and A.
Pluckthun. 1992. Purification of native proteins from the cytoplasm and
periplasm of Escherichia coli using IMAC and histidine tails: A
comparison of proteins and protocols. Methods. 4:41-56.

Liu, H., H. Qi, and S. Lu. 2012. Anti-fatigue and Immune Function by Nutritional
Constituents from Synsepalum dulcificum Mixing Fruit Power. Chin. J.
Exp. Trad. Med. Formulae. 14:58.

Liu, J.-G., J.-M. Xing, T.-S. Chang, and H.-Z. Liu. 2006. Purification of
nattokinase by reverse micelles extraction from fermentation broth: effect
of temperature and phase volume ratio. Bioprocess and biosystems
engineering. 28:267-273.

Liu, J.G., J.M. Xing, R. Shen, C.L. Yang, and H.Z. Liu. 2004. Reverse micelles
extraction of nattokinase from fermentation broth. Biochemical
Engineering Journal. 21:273-278.

Luisi, P., M. Giomini, M.a. Pileni, and B. Robinson. 1988. Reverse micelles as
hosts for proteins and small molecules. Biochimica et Biophysica Acta
(BBA)-Reviews on Biomembranes. 947:209-246.

Lye, G., J. Asenjo, and D. Pyle. 1994. Protein extraction using reverse micelles:
kinetics of protein partitioning. Chemical Engineering Science. 49:3195-
3204.

Magalhdes, L.M., M.A. Segundo, S. Reis, J.L. Lima, and A.O. Rangel. 2006.
Automatic method for the determination of Folin-Ciocalteu reducing
capacity in food products. Journal of Agricultural and Food Chemistry.
54:5241-5246.

Marcozzi, G., N. Correa, P.L. Luisi, and M. Caselli. 1991a. Protein extraction by
reverse micelles: A study of the factors affecting the forward and
backward transfer of a-chymotrypsin and its activity. Biotechnol. Bioeng.
38:1239-1246.

Marcozzi, G., N. Correa, P.L. Luisi, and M. Caselli. 1991b. Protein extraction by
reverse micelles: A study of the factors affecting the forward and

90



backward transfer of a-chymotrypsin and its activity. Biotechnology and
bioengineering. 38:1239-1246.

Matzke, S., A. Creagh, C. Haynes, J. Prausnitz, and H. Blanch. 1992. Mechanisms
of protein solubilization in reverse micelles. Biotechnol. Bioeng. 40:91-
102.

Mazzola, P.G., A.M. Lopes, F.A. Hasmann, A.F. Jozala, T.C. Penna, P.O.
Magalhaes, C.O. Rangel-Yagui, and A. Pessoa Jr. 2008. Liquid—liquid
extraction of biomolecules: an overview and update of the main
techniques. J. Chem. Technol. Biot. 83:143-157.

Miller, H., F. Rigelhof, L. Marquart, A. Prakash, and M. Kanter. 2000. Whole-
grain products and antioxidants. Cereal Foods World. 45:59-63.

Misaka, T. 2013. Molecular mechanisms of the action of miraculin, a taste-
modifying protein. In Seminars in Cell & Developmental Biology.
Elsevier.

Moo-Huchin, V., I. Estrada-Mota, R. Estrada-Ledn, L.F. Cuevas-Glory, and E.
Sauri-Duch. 2013. Chemical composition of crude oil from the seeds of
pumpkin (Cucurbita spp.) and mamey sapota (Pouteria sapota Jacg.)
grown in Yucatan, Mexico. J. Food. 11:324-327.

Moyer, R.A., K.E. Hummer, C.E. Finn, B. Frei, and R.E. Wrolstad. 2002.
Anthocyanins, phenolics, and antioxidant capacity in diverse small fruits:
Vaccinium, Rubus, and Ribes. J. Agric. Food Chem. 50:519-525.

Naganagouda, K., and V. Mulimani. 2008. Aqueous two-phase extraction (ATPE):
An attractive and economically viable technology for downstream
processing of Aspergillus oryzae a-galactosidase. Process Biochem.
43:1293-1299.

Nieba, L., S.E. Nieba-Axmann, A. Persson, M. Hamaléinen, F. Edebratt, A.
Hansson, J. Lidholm, K. Magnusson, A.F. Karlsson, and A. Pliickthun.
1997. BIACORE analysis of histidine-tagged proteins using a chelating
NTA sensor chip. Anal. Biochem. 252:217-228.

Nishiyama, 1., Y. Yamashita, M. Yamanaka, A. Shimohashi, T. Fukuda, and T.
Oota. 2004. Varietal difference in vitamin C content in the fruit of
kiwifruit and other Actinidia species. J. Agric. Food Chem. 52:5472-5475.

Nollet, L.M., and F. Toldra. 2012. Handbook of analysis of active compounds in
functional foods. CRC Press.

O’fallon, J., J. Busboom, M. Nelson, and C. Gaskins. 2007. A direct method for
fatty acid methyl ester synthesis: application to wet meat tissues, oils, and
feedstuffs. J. Anim. Sci. 85:1511-1521.

Ono, T., and M. Goto. 1997. Application of reversed micelles in bioengineering.
Current opinion in colloid & interface science. 2:397-401.

Ono, T., M. Goto, F. Nakashio, and T.A. Hatton. 1996. Extraction behavior of
hemoglobin using reversed micelles by dioleyl phosphoric acid.
Biotechnol. Prog. 12:793-800.

Oomah, B.D., S. Ladet, D.V. Godfrey, J. Liang, and B. Girard. 2000.
Characteristics of raspberry (Rubus idaeus L.) seed oil. Food Chem.
69:187-193.

Ou, B., D. Huang, M. Hampsch-Woodill, J.A. Flanagan, and E.K. Deemer. 2002.
Analysis of antioxidant activities of common vegetables employing
oxygen radical absorbance capacity (ORAC) and ferric reducing

91



antioxidant power (FRAP) assays: a comparative study. Journal of
Agricultural and Food Chemistry. 50:3122-3128.

Paladino, A., S. Costantini, G. Colonna, and A.M. Facchiano. 2008. Molecular
modelling of miraculin: structural analyses and functional hypotheses.
Biochemical and Biophysical Research Communications. 367:26-32.

Parker, T.D., D. Adams, K. Zhou, M. Harris, and L. Yu. 2003. Fatty Acid
Composition and Oxidative Stability of Cold-pressed Edible Seed Oils.
Journal of Food Science. 68:1240-1243.

Parry, J., L. Su, M. Luther, K. Zhou, M.P. Yurawecz, P. Whittaker, and L. Yu.
2005. Fatty acid composition and antioxidant properties of cold-pressed
marionberry, boysenberry, red raspberry, and blueberry seed oils. Journal
of agricultural and food chemistry. 53:566-573.

Peng, X., Y.L. Xiong, and B. Kong. 2009. Antioxidant activity of peptide fractions
from whey protein hydrolysates as measured by electron spin resonance.
Food Chem. 113:196-201.

Pessoa Jr, A., and M. Vitolo. 1998. Recovery of inulinase using BDBAC reversed
micelles. Process Biochem. 33:291-297.

Pires, M., M. Aires-Barros, and J. Cabral. 1996. Liquid-liquid extraction of
proteins with reversed micelles. Biotechnology Progress. 12:290-301.

Pires, M., and J.M. Cabral. 1993. Liquid-liquid extraction of a recombinant protein
with a reverse micelle phase. Biotechnol. Progr. 9:647-650.

Pisoschi, A.M., M.C. Cheregi, and A.F. Danet. 2009. Total antioxidant capacity of
some commercial fruit juices: electrochemical and spectrophotometrical
approaches. Molecules. 14:480-493.

Porath, J., J. Carlsson, I. Olsson, and G. Belfrage. 1975. Metal chelate affinity
chromatography, a new approach to protein fractionation. Nature.
258:598-599.

Porath, J., and B. Olin. 1983. Immobilized metal affinity adsorption and
immobilized metal affinity chromatography of biomaterials. Serum
protein affinities for gel-immobilized iron and nickel ions. Biochem.
22:1621-1630.

Prakash, A., F. Rigelhof, and E. Mlller. 2001. Antioxidant activity. Medallion Lab.
Analyt. Progr. 19:1-4.

Preedy, V.R., and R.R. Watson. 2010. Olives and olive oil in health and disease
prevention. Academic Press.

QlAexpressionist. 2002. A handbook for high-level expression and purification of
6xhis-tagged proteins. Qiagen:pl-125.

Raghavarao, K., N. Rastogi, M. Gowthaman, and N. Karanth. 1995. Aqueous two-
phase extraction for downstream processing of enzymes/proteins. Adv.
Appl. Microbiol. 41:97-171.

Rahaman, R., J. Chee, J. Cabral, and T. Hatton. 1988. Recovery of an extracellular
alkaline protease from whole fermentation broth using reversed micelles.
Biotechnol. Progr. 4:218-224.

Re, R., N. Pellegrini, A. Proteggente, A. Pannala, M. Yang, and C. Rice-Evans.
1999. Antioxidant activity applying an improved ABTS radical cation
decolorization assay. Free. Radical Bio. Med. 26:1231-1237.

92



Regalado, C., J. Asenjo, and D. Pyle. 1996. Studies on the purification of
peroxidase from horseradish roots using reverse micelles. Enzyme Microb.
Tech. 18:332-339.

Rnghavarno, K., M.R. Guinn, and P. Todd. 1998. Recent developments in aqueous
two phase extraction in bioprocessing. Separ. Purif. Method. 27:1-49.

Robards, K., and M. Antolovich. 1997. Analytical chemistry of fruit bioflavonoids:
a review. Analyst. 122:11-34.

Robinson, J., M. Tsimudou, and R. Macrae. 1985. Evaluation of the mass detector
for quantitative detection of triglycerides and fatty acid methyl esters. J.
Chromatogr. A. 324:35-51.

Roginsky, V., and E.A. Lissi. 2005. Review of methods to determine chain-
breaking antioxidant activity in food. Food Chem. 92:235-254.

Romani, A., M. Minunni, N. Mulinacci, P. Pinelli, F. Vincieri, M. Del Carlo, and
M. Mascini. 2000. Comparison among differential pulse voltammetry,
amperometric biosensor, and HPLC/DAD analysis for polyphenol
determination. Journal of Agricultural and Food Chemistry. 48:1197-
1203.

Sadana, A. 1994. Protein inactivations during novel bioseparation techniques.
Bioseparation. 4:39-61.

Sakihama, Y., M.F. Cohen, S.C. Grace, and H. Yamasaki. 2002. Plant phenolic
antioxidant and prooxidant activities: phenolics-induced oxidative
damage mediated by metals in plants. Toxicol. 177:67-80.

Sellappan, S., C.C. Akoh, and G. Krewer. 2002. Phenolic compounds and
antioxidant capacity of Georgia-grown blueberries and blackberries.
Journal of Agricultural and Food Chemistry. 50:2432-2438.

Sensoy, 1., R.T. Rosen, C.-T. Ho, and M.V. Karwe. 2006. Effect of processing on
buckwheat phenolics and antioxidant activity. Food Chem. 99:388-393.

Shahidi, F., and M. Naczk. 2003. Phenolics in food and nutraceuticals. CRC press.

Sharma, S., and G.P. Agarwal. 2001. Interactions of proteins with immobilized
metal ions: role of ionic strength and pH. Journal of Colloid and Interface
Science. 243:61-72.

Shi, Q.-H., Y. Tian, X.-Y. Dong, S. Bai, and Y. Sun. 2003. Chitosan-coated silica
beads as immobilized metal affinity support for protein adsorption.
Biochem. Eng. J. 16:317-322.

Shiomori, K., N. Ebuchi, Y. Kawano, R. Kuboi, and I. Komasawa. 1998.
Extraction characteristic of bovine serum albumin using sodium bis (2-
ethylhexyl) sulfosuccinate reverse micelles. J. Ferment. Bioeng. 86:581-
587.

Sloan, A.E. 2000. The top ten functional food trends. Food Technol. 54:33-62.

Smith, M.C., T. Furman, T.t. Ingolia, and C. Pidgeon. 1988. Chelating peptide-
immobilized metal ion affinity chromatography. A new concept in
affinity chromatography for recombinant proteins. J. Biol. Chem.
263:7211-7215.

Stefano Padulosi, J.T., Per Rudebjer. 2013. Fighting poverty, hunger and
malnutrition with neglected and underutilized species (NUS): needs,
challenges and the way forward. Bioversity International, Rome, Italy.

Street, G. 1994. Highly selective separations in biotechnology. Springer.

93



Sugaya, T., M. Yano, H.J. Sun, T. Hirai, and H. Ezura. 2008. Transgenic
strawberry expressing the taste-modifying protein miraculin. Plant
Biotechnology. 25:329-333.

Sulkowski, E. 1985. Purification of proteins by IMAC. Trends Biotechnol. 3:1-7.

Sulkowski, E. 1988. Immobilized metal ion affinity chromatography of proteins on
IDA-Fe3+. In Makromolekulare Chemie. Macromolecular Symposia. Vol.
17. Wiley Online Library. 335-348.

Sulkowski, E. 1989. The saga of IMAC and MIT. Bioessays. 10:170-175.

Sun, H.-J., M.-l. Cui, B. Ma, and H. Ezura. 2006a. Functional expression of the
taste-modifying protein, miraculin, in transgenic lettuce. FEBS letters.
580:620-626.

Sun, H.J., M.l. Cui, B. Ma, and H. Ezura. 2006b. Functional expression of the
taste-modifying protein, miraculin, in transgenic lettuce. FEBS Letters.
580:620-626.

Sun, H.J., H. Kataoka, M. Yano, and H. Ezura. 2007. Genetically stable expression
of functional miraculin, a new type of alternative sweetener, in transgenic
tomato plants. Plant Biotechnology Journal. 5:768-777.

Sun, X., H. Li, H. Sui, and Z. Shen. 2000. Study on protein separation using
immobilized metal ion affinity chromatography. Chinese Journal of
Biotechnology. 16:495-499.

Takahashi, N., H. Hitotsuya, H. Hanzawa, Y. Arata, and Y. Kurihara. 1990.
Structural study of asparagine-linked oligosaccharide moiety of taste-
modifying protein, miraculin. Journal of Biological Chemistry. 265:7793-
7798.

Teles dos Santos, M., V. Gerbaud, and G. Le Roux. 2012. Comparison of
predicted and experimental DSC curves for vegetable oils. Thermochim
Acta. 545:96-102.

Thaipong, K., U. Boonprakob, K. Crosby, L. Cisneros-Zevallos, and D. Hawkins
Byrne. 2006. Comparison of ABTS, DPPH, FRAP, and ORAC assays for
estimating antioxidant activity from guava fruit extracts. J. Food Compost.
Anal. 19:669-675.

Theerasilp, S., H. Hitotsuya, S. Nakajo, K. Nakaya, Y. Nakamura, and Y. Kurihara.
1989. Complete amino acid sequence and structure characterization of the
taste-modifying protein, miraculin. Journal of Biological Chemistry.
264:6655-6659.

Theerasilp, S., and Y. Kurihara. 1988. Complete purification and characterization
of the taste-modifying protein, miraculin, from miracle fruit. Journal of
Biological Chemistry. 263:11536-11539.

Thompson, K.F., and L.M. Gierasch. 1984. Conformation of a peptide solubilizate
in a reversed micelle water pool. J. Am. Chem. Soc. 106:3648-3652.

Usman, L., O. Ameen, S. Ibiyemi, and N. Muhammad. 2005. The extraction of
proteins from the neem seed (Indica azadirachta A. Juss). African Journal
of Biotechnology. 4.

Vasco, C., J. Ruales, and A. Kamal-Eldin. 2008. Total phenolic compounds and
antioxidant capacities of major fruits from Ecuador. Food Chem.
111:816-823.

94



Velioglu, Y., G. Mazza, L. Gao, and B. Oomah. 1998. Antioxidant activity and
total phenolics in selected fruits, vegetables, and grain products. Journal
of Agricultural and Food Chemistry. 46:4113-4117.

Vunnum, S., S.R. Gallant, Y.J. Kim, and S.M. Cramer. 1995. Immobilized metal
affinity chromatography: Modeling of nonlinear multicomponent
equilibrium. Chemical Engineering Science. 50:1785-1803.

Wang, H.-M., Y.-T. Chou, Z.-L. Hong, H.-A. Chen, Y.-C. Chang, W.-L. Yang, H.-
C. Chang, C.-T. Mai, and C.-Y. Chen. 2011. Bioconstituents from stems
of Synsepalum dulcificum Daniell (Sapotaceae) inhibit human melanoma
proliferation, reduce mushroom tyrosinase activity and have antioxidant
properties. J. Taiwan Inst. Chem. Eng. 42:204-211.

Wang, L.-S., and G.D. Stoner. 2008. Anthocyanins and their role in cancer
prevention. Cancer Letters. 269:281-290.

Whitehead, T., G. Thorpe, and S. Maxwell. 1992. Enhanced chemiluminescent
assay for antioxidant capacity in biological fluids. Anal. Chim. Acta.
266:265-277.

Wilken, M.K., and B.A. Satiroff. 2012. Pilot study of miracle fruit to improve
food palatability for patients receiving chemotherapy. Clin. J. Oncol.
Nurs. 16:E173-E177.

Willoughby, N., T. Kirschner, M. Smith, R. Hjorth, and N. Titchener-Hooker.
1999. Immobilised metal ion affinity chromatography purification of
alcohol dehydrogenase from baker’s yeast using an expanded bed
adsorption system. J. Chromatogr. A. 840:195-204.

Wong, J.M., and M. Kern. 2011. Miracle fruit improves sweetness of a low-calorie
dessert without promoting subsequent energy compensation. Appetite.
56:163-166.

Ye, Z., and H. Song. 2008. Antioxidant vitamins intake and the risk of coronary
heart disease: meta-analysis of cohort studies. Eur. J. Cardiovasc. Prev.
Rehabil. 15:26-34.

Yin, L., C. Sun, X. Han, L. Xu, Y. Xu, Y. Qi, and J. Peng. 2011. Preparative
purification of bromelain (EC 3.4. 22.33) from pineapple fruit by high-
speed counter-current chromatography using a reverse-micelle solvent
system. Food. Chem. 129:925-932.

Zainuddin, A.M., M.N. Mohamed, and H.M.S. Siti. 2007. Advances in separation
processes. Universiti Teknologi Malaysia, Johor, Malaysia.

Zhang, M., and Y. Sun. 2001. Poly (glycidyl methacrylate-divinylbenzene-
triallylisocyanurate)  continuous-bed protein  chromatography. J.
Chromatogr. A. 912:31-38.

Zhao, X., Y. Li, X. He, N. Zhong, Z. Xu, and L. Yang. 2010. Study of the factors
affecting the extraction of soybean protein by reverse micelles. Molecular
Biology Reports. 37:669-675.

Zhou, K., and L. Yu. 2006. Total phenolic contents and antioxidant properties of
commonly consumed vegetables grown in Colorado. LWT-Food Sci.
Technol. 39:1155-1162.

Zhou, X., and Y. Weng. 2006. Factors affecting trypsin extraction by AOT
reversed micelles and observation by STM. Chinese J. Chem. Eng.
14:407-412.

95



	PURIFICATION OF MIRACULIN FROM MIRACLE FRUIT [SYNSEPALUM DULCIFICUM (SCHUMACH. & THONN.) DANIELL]
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



