L
UNIVERSITI PUTRA MALAYSIA

EFFECTS OF MIXING AND CONJUGATION PROCESS WITH PEA
PROTEIN ISOLATE ON FUNCTIONAL PROPERTIES OF PECTIN IN
EMULSIONS

SAHAR TAMNAK

FSTM 2015 19




UNIVERSITI PUTRA MALAYSIA
BERILMU BERBAKTI]

[0
Z U|PIM

Ui

EFFECTS OF MIXING AND CONJUGATION PROCESS WITH PEA
PROTEIN ISOLATE ON FUNCTIONAL PROPERTIES OF PECTIN IN
EMULSIONS

By

SAHAR TAMNAK

Thesis Submitted to the School of Graduate Studies, Universiti Putra
Malaysia in Fulfilment of the Requirement for the Degree of Master of
Science

August 2015






COPYRIGHT

All materials contained within the thesis, including without limitation text, logos,
icons, photographs and all other artwork, is copyright material of Universiti Putra
Malaysia unless otherwise stated. Use may be made of any material contained within
the thesis for non-commercial purposes from the copyright holder. Commercial use
of material may only be made with the express, prior, written permission of
Universiti Putra Malaysia.

Copyright © Universiti Putra Malaysia



DEDICATION

I would like to dedicate my thesis to my beloved family.



Abstract of thesis presented to the Senate of Universiti Putra Malaysia in
fulfillment of the requirement of the degree of Master of Science

EFFECTS OF MIXING AND CONJUGATION PROCESS WITH PEA
PROTEIN ISOLATE ON FUNCTIONAL PROPERTIES OF PECTIN IN
EMULSIONS

By
SAHAR TAMNAK
August 2015

Chairman: Associate Professor Seyed Hamed Mirhosseini, PhD
Faculty: Food Science and Technology

Although pectin considered as a heteropolysaccharide gum, which is used as a
gelling agent, thickening agent, and stabilizer in many food products. However, it
cannot be used as a proper emulsifier due to the lack of hydrophobic moieties and
thus having lower tendency to adsorb at the oil droplets surface. The main goal of
this study was to improve the emulsifying activity of pectin in both single and double
emulsions. A full factorial design was applied to investigate the effects of pectin to
protein ratio (i.e. 1:1, 2:1, 3:1, 1:2 and 1:0 w/w) and conjugation time (i.e. 0, 6, 27
and 48 h) on the functional properties of pectin. In this study, pea protein isolate was
selected for the conjugation with pectin. It was hypothesized that the mixing and/or
conjugation of pectin (with the hydrophilic structure) and pea protein isolate (with
the hydrophobic structure) could result in the formation of a hybrid polymer with the
amphiphilic structure. It could provide stronger emulsifying properties than the
native pectin or pea protein isolate only.

The most desirable conjugation condition was chosen after testing different
conjugated hybrid polymers. Therefore, all mixed and conjugated hybrid polymers
were subjected to various physicochemical tests. The main analytical assays were
solubility, moisture content, morphology, sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), apparent viscosity, emulsion stability, Z-potential
and average particles size and distribution. In this study, functional properties of
different mixed and conjugated polymers were compared to native pectin as a
control. After one-month storage of single emulsions at 4 °C, a sample containing
conjugated polymer (ratio 3:1) had the highest stability (83.33%) and smallest
droplets size (D [3, 2], 0.287 um). Further, all single emulsions stabilized with mixed
and conjugated pectin-protein polymers had higher Z-potential ranging from —33.57
to —49.97 mV than the samples containing native pectin (—26.97 mV). This
confirmed that both mixing and conjugation of pectin with pea protein isolate let to
improve its interfacial emulsifying activity. During conjugation, the long incubation
(48 h) resulted in a strong covalent linkage between pectin and pea protein isolate,
thereby making a hybrid polymer with lower solubility than pectin. The results
showed that the conjugated polymer (3:1), which was incubated for 48 h at 60 °C,



provided the most desirable functional properties among all single, mixed and
conjugated polymers. Therefore, this compound was selected as the most desirable
polymer for further comparison study.

Finally, the application of conjugated polymer (pectin: protein, 3:1) as a replacer for
Tween 80 in the water-in-oil-in-water double emulsion was investigated. Therefore,
the efficiency of different concentrations (i.e. 0.5%, 1% and 2% w/w) of the target
emulsifiers with high hydrophilic-lipophilic balance (HLB) (i.e. Tween 80, native
pectin and conjugated pectin) on the stability and characteristics of double
(W1/O/W3) emulsions was tested. On the other hand, the effect of different
concentrations (i.e. 2% and 5% w/w) of a low HLB emulsifier (i.e. Polyglycerol
polyricinoleate, PGPR) on stability and release rate of the marker from different
double (W;/O/W>) emulsions was investigated. In fact, encapsulation capability of
various emulsifiers was compared by measuring release content of marker (i.e.
edible dye Tartrazine) from the inner aqueous phase (W) to the outer aqueous phase
(W>) of the double emulsion.

The current study revealed that all single (O/W) and double (W;/O/W;) emulsions
exhibited a non-Newtonian pseudoplastic flow behavior. Samples containing mixed
pectin-pea protein isolate and native pectin showed the highest apparent viscosity
(~6 mPa.s at a medium shear rate of 60 s"') among all prepared single emulsions.
The present study showed that the double emulsions containing 2% conjugated
pectin and 2% PGPR had proper encapsulation efficiency (81.26%) and
encapsulation stability (37.05%). The fresh double emulsion stabilized with
conjugated pectin had smaller droplets size (D [3, 2], 0.345-1.526 um) than the other
double emulsions containing native pectin (D [3, 2], 2.546-5.368 um) and Tween 80
(D [3, 2], 1.480-1.642 um). The present study revealed that the conjugated pectin-
pea protein isolate at ratio 3:1 could be used as a proper replacer for Tween 80 in
stabilizing double (W/O/W,) emulsions. The single emulsions prepared in this study
may be exploited in the food industry as a suitable replacement of traditional
soybean-stabilized food emulsions, especially in the manufacture of hypoallergenic
foods for people allergic to soybean proteins as well as in smoothies, infant formulas,
fruit juices, yogurt drinks. The double emulsions produced in this study can have
several food applications such as in the formulation of reduced fat-food products (by
replacing some of the volumes of the oil droplets with entrapped water drops) and
as vehicles for encapsulation and delivery of hydrophilic nutrients. For example to
fortify foods with water-soluble vitamins or minerals. Besides, in order to improve
the fat content of meat (in quantitative and qualitative terms) fat globules can be
replaced by a double (W,/O/W>) emulsion prepared by different oils having healthy
effects (as lipid phase).
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Walaupun pektin dianggap sebagai getah heteropolisakarida, yang digunakan
sebagai agen penggelan, agen penebalan dan penstabil dalam kebanyakkan produk
makanan, namun, pektin tidak boleh digunakan sebagai pengemulsi yang betul
kerana kekurangan moieties hidrofobik yang menyebabkan ianya mempunyai
kecenderungan yang lebih rendah untuk menjerap di permukaan titisan minyak.
Matlamat utama kajian ini adalah untuk meningkatkan aktiviti pengemulsian pektin
dalam emulsi tunggal dan penggandaan dua. Reka bentuk faktorial penuh (Full
factorial design) telah diaplikasikan untuk mengkaji kesan pektin kepada nisbah
protein (iaitu 1:1, 2:1, 3:1, 1:2 dan 1:0 w/w) dan masa pengkojugatan (iaitu 0, 6, 27
dan 48 jam) terhadap sifat-sifat fungsi pektin. Dalam kajian ini, protein kacang
pencilan telah dipilih untuk dikonjugatkan dengan pektin. Ini telah dihipotesiskan
bahawa pencampuran dan / atau konjugatan pektin (dengan struktur hidrofilik) dan
protein kacang pencilan (dengan struktur hidrofobik) boleh mengakibatkan
pembentukan polimer hibrid dengan struktur amphiphilic. Ia boleh menghasilkan
ciri-ciri pengemulsi yang kuat daripada pektin asli atau protein kacang pencilan
sahaja.

Keadaan konjugatan yang terbaik telah dipilih selepas menguji polimer hibrid
konjugatan yang berbeza. Oleh itu, semua polimer hibrid campuran dan konjugatan
diuji dengan pelbagai ujian fiziokimia. Analisis utama adalah kelarutan, kandungan
lembapan, morfologi, natrium sulfat dodecyl-gel elektroforesis (SDS-PAGE),
kelikatan ketara, kestabilan emulsi, Z-potensi dan purata saiz zarah dan taburan.
Dalam kajian ini, ciri-ciri berfungsi polimer campuran dan konjugatan berbeza
dibandingkan dengan pektin asli sebagai kawalan. Selepas penyimpanan selama
sebulan, emulsi tunggal pada 4 °C iaitu sampel yang mengandungi polimer
konjugatan (nisbah 3:1) mempunyai kestabilan yang paling tinggi (83.33%) dan saiz
titisan paling kecil (D [3, 2], 0.287 um). Di samping itu, semua emulsi tunggal yang
distabilkan dengan campuran dan konjugatan polimer pektin-protein mempunyai Z-
potensi yang lebih tinggi iaitu daripada kadar -33.57 hingga -49.97 mV daripada
sampel yang mengandungi pektin asli (-26.97 mV). Ini mengesahkan bahawa kedua-
dua campuran dan konjugatan pektin dengan protein kacang pencilan membantu
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meningkatkan aktiviti pengemulsian antara muka. Semasa pengkojugatan,
pengeraman yang panjang (48 jam) menyebabkan hubungan kovalen yang kuat
antara pektin dan kacang protein pencilan, seterusnya menjadikan polimer hibrid
mempunyai kelarutan yang rendah berbanding pektin. Keputusan menunjukkan
polimer konjugatan (3:1), yang telah dieram selama 48 jam pada suhu 60 °C,
menghasilkan sifat-sifat berfungsi yang terbaik di kalangan semua polimer tunggal,
campuran dan konjugatan. Oleh itu, kompoun ini telah dipilih sebagai polimer yang
terbaik untuk kajian perbandingan selanjutnya.

Akhir sekali ialah aplikasi penggunaan polimer konjugatan (pektin: protein, 3:1)
sebagai pengganti kepada Tween 80 dalam air-dalam-minyak-dalam-air
penggandaan dua emulsi telah dikaji. Oleh itu, kecekapan kepekatan yang berbeza
(iaitu 0.5%, 1% dan 2% w/w) daripada pengemulsi sasaran dengan hydrophilic-
lipophilic (HLB) (iaitu Tween 80, pektin asli dan pektin konjugatan) yang tinggi
terhadap kestabilan dan sifat-sifat penggandaan dua elmulsi telah diuji. Sebaliknya,
kesan kepekatan yang berbeza (iaitu 2% dan 5% w/w) daripada pengemulsi HLB
rendah (iaitu Polyglycerol polyricinoleate, PGPR) terhadap kestabilan dan pelepasan
kadar penanda daripada pebezaan penggandaan emulsi (Wi/O/W;) telah dikaji.
Malah, keupayaan pengkapsulan daripada pelbagai pengemulsi telah dibandingkan
dengan mengukur kandungan pembebasan penanda (iaitu pewarna makan Tartrazin)
dari fasa berair (W) hingga fasa luar berair (W,) daripada emulsi penggandaan dua.

Kajian ini mendapati kesemua emulsi tunggal (O/W) dan penggandaan dua
(W1/0/W>) menghasilkan sifat bukan Newtonian aliran pseudoplastik. Sampel yang
mengandungi campuran pencilan protein pektin-kacang dan pektin asli
menunjukkan kelikatan ketara yang paling tinggi (~ 6 mPa.s pada kadar ricih
medium 60 s') di kalangan semua emulsi tunggal yang disediakan. Kajian ini
menunjukkan bahawa emulsi penggandaan dua yang mengandungi 2% pektin
berkonjugatan pektin dan 2% PGPR mempunyai kecekapan pengkapsulan (81.26%)
dan penstabilan kapsul (37.05%) yang betul. Pengemulsian penggandaan dua yang
segar yang distabilkan dengan pektin konjugatan mempunyai saiz titisan yang lebih
kecil (D [3, 2], 0.345-1.526 pm) daripada emulsi penggandaan dua lain yang
mengandungi pektin asli (D [3, 2], 2.546-5.368 um) dan Tween 80 ( D [3, 2], 1.480-
1.642 pm). Kajian ini juga mendapati bahawa penkonjugatan pektin-protein-kacang
pencilan dengan nisbah 3:1 boleh digunakan sebagai pengganti yang sesuai untuk
Tween 80 dalam menstabilkan emulsi penggandaan dua (W;/O/W;) emulsi. Emulsi
tunggal yang disediakan dalam kajian ini boleh dieksploitasi dalam industri makanan
sebagai pengganti yang sesuai untuk emulsi makanan kacang soya stabil tradisional,
khususnya dalam pembuatan makanan hypoallergenic untuk pengguna yang
mempunyai alahan protein kacang soya selain di dalam smoothie, formula bayi, jus
buah-buahan dan minuman yogurt. Pengemulsi penggandaan dua yang dihasilkan
dalam kajian ini boleh mempunyai beberapa aplikasi makanan seperti produk
makanan kurang lemak (dengan menggantikan beberapa titisan minyak dengan
titisan air yang terperangkap) dan sebagai kenderaan untuk pengkapsulan dan
penghantaran nutrien hidrofilik. Sebagai contoh dengan memperkayakan makanan
dengan vitamin larut air atau mineral. Selain itu, sebagai usaha untuk meningkatkan
kandungan lemak daging (dari segi kuantitatif dan kualitatif) globul lemak boleh
digantikan dengan penggadaan dua emulsi (W,;/O/W,) yang disediakan dengan
pelbagai jenis minyak yang mempunyai kesan yang sihat (sebagai fasa lipid).

v



ACKNOWLEDGEMENTS

First and foremost, I would like to thank God, who has given me the power to believe
in myself, pursue my dreams, blessed and guided me so that I could accomplish my
thesis. I could never have done this without the faith that I have in you, the Almighty.

I am grateful to my supervisor, Associate Professor Dr. Seyed Hamed Mirhosseini,
for his constant help, guidance as well as generous sacrifice of his time. He has been
a great source of inspiration and I am greatly indebted to him for providing supports
and encouragement.

A sincere expression of gratitude goes to my committee members, Professor Dr.
Hasanah Mohd Ghazali and Associate Professor Dr. Sharifah Kharidah Syed
Muhammad, for their comments and invaluable advice and constructive suggestions.

I would like to express special thanks to Professor Dr. Tan Chin Ping who,
generously helped me during my study.

Apart from the efforts of me, the success of this thesis depends largely on the
encouragement and guidelines of many others. I take this opportunity to express my
gratitude to my best friends Milad and Shabnam, who have been instrumental in the
successful completion of this thesis.

Last but not least, it gives me great pleasure to thank my beloved parents and sister,
who have given me the financial and spiritual supports, without which I would not
have joined Universiti Putra Malaysia to pursue graduate study.






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:

Seyed Hamed Mirhosseini, PhD
Associate Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Chairman)

Hasanah Mohd Ghazali, PhD
Professor

Faculty of Food Science and Technology
Universiti Putra Malaysia

(Member)

Sharifah Kharidah Syed Muhammad, PhD
Associate Professor

Faculty of Food Science and Technology
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:

this thesis is my original work;

quotations, illustrations and citations have been duly referenced;

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;

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;

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.: Sahar Tamnak, GS30917

viii



Declaration by Members of Supervisory Committee
This is to confirm that:

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

e Supervision responsibilities as stated in Universiti Putra Malaysia (Graduate
Studies) Rules 2003 (Revision 2012-2013) are adhered to

Signature:
Name of
Chairman of
Supervisory
Committee: Seyed Hamed Mirhosseini, PhD

Signature:
Name of
Member of
Supervisory
Committee: Hasanah Mohd Ghazali. PhD

Signature:
Name of
Member of
Supervisory
Committee: Sharifah Kharidah Syed Muhammad, PhD

X



TABLE OF CONTENTS

Page
ABSTRACT i
ABSTRAK iii
ACKNOWLEDGEMENTS v
APPROVAL vii
DECLARATION viii
LIST OF TABLES Xiv
LIST OF FIGURES XV
LIST OF ABBREVIATIONS Xviil
CHAPTER
1 INTRODUCTION 1
2 LITERATURE REVIEW 3
2.1 Polysaccharide Gums 3
2.2 Plant-Based Polysaccharide Gums 3
2.2.1 Source 3
2.2.2 Basic Structure 4
2.2.3 Functions and Applications 5
2.2.4 Physicochemical Properties 6
2.2.4.1 Emulsifying Activity 6
2.2.4.2  Particle Size and Distribution 7
2.2.43 Rheological Properties 7
2.2.4.4 Solubility 7
2.2.4.5 Zeta-Potential 8
2.2.5 Pectin 8
2.2.5.1 Sources and Classification 8
2.2.5.2  Chemical Composition and Molecular
Structure 9
2.2.5.3 Functional Properties 10
2.3 Disadvantages 10
2.4 Improvement of Functional Properties of Plant Gums 12
2.4.1 Pea protein Isolate 12
2.4.2 Conjugation Process 13
2.5 Application of Polysaccharide Gums in Different Single and
Double Emulsions 15
2.5.1 Single (O/W) Emulsion 15
2.5.2 Double (W/O/W) Emulsion 16



4

2.6 Functional Properties of Conjugated Gum in Single (O/W)

Emulsion vs. Double (W/O/W) Emulsion 16
MATERIALS AND METHODS 19
3.1 Materials 19
3.2 Methods 19

3.2.1 Preparation of Pectin-Pea Protein Isolate Conjugate 19

3.2.2 Preparation of Single (O/W) Emulsions 20

3.2.3 Preparation of Double (W/O/W) Emulsions 20
3.3 Analytical Tests 23

3.3.1 Sodium Dodecyl Sulfate-Polyacrylamide Gel

Electrophoresis (SDS-PAGE) 23

3.3.2 Surface Morphology 23

3.3.3 Determination of Moisture Content 23

3.3.4 Solubility Measurement 24

3.3.5 Determination of Emulsion Stability 24

3.3.5.1 Stability of Single (O/W) Emulsion 24

3.3.5.2 Stability of Double (W/O/W) Emulsion 25
3.3.6 Determination of Average Particle Size and

Distribution 25
3.3.7 Analysis of Zeta-Potential 25
3.3.8 Measurement of Apparent Viscosity 26

3.3.9 Measurement of Encapsulation Properties of Double
(W1/0/W>) Emulsion 26

3.3.9.1 Measurement of Tartrazine Concentration in
Hydrophilic Emulsifier Solutions (W) 26
3.3.9.2 Determination of Tartrazine Recovery 27
3.3.9.3 Measurement of Encapsulation Efficiency 28
3.3.9.4 Determination of Encapsulation Stability =~ 28
3.3.10 Analysis of Morphology of Double (W/O/W)

Emulsion 29
3.4 Experimental Design and Data Analysis 29
RESULTS AND DISCUSSION 31
4.1 Effect of Mixing and Conjugation Processes on Morphology
and Properties of Pectin 31
4.1.1 SDS-PAGE Profile 31
4.1.2 Effect of Mixing and Conjugation Processes on
Surface Morphology 33

X1



4.2

43

4.1.3 Effect of Mixing and Conjugation Processes on

Solubility 35
4.1.4 Effect of Mixing and Conjugation Processes on
Moisture Content 38

Effect of Mixing and Conjugation Processes on Emulsifying

Properties of Pectin in Single (O/W) Emulsion 40

4.2.1 Effect of Mixing and Conjugation Processes on
Rheological Properties of Pectin in Single (O/W)
Emulsion 40

4.2.2 Effect of Mixing and Conjugation Processes on
Average Particle Size and Distribution of Pectin in

Single (O/W) Emulsion 44
4.2.3 Effect of Mixing and Conjugation Processes on Zeta-
Potential of Pectin in Single (O/W) Emulsion 48

4.2.4 Effect of Mixing and Conjugation Processes on
Emulsifying Activity of Pectin in Single (O/W)
Emulsion 54

Emulsifying Activity and Functional Properties of Pectin-Pea

Protein isolate Conjugate, Native Pectin and Tween 80 in

Double (W/O/W) Emulsion 56

4.3.1 Comparison of Rheological Properties of Double
(W/O/W) Emulsions Stabilized with Native and
Conjugated Pectin Compared to Tween 80 57

4.3.2 Comparison of Average Particle Size and
Distribution of Double (W/O/W) Emulsions
Stabilized with Native and Conjugated Pectin
Compared to Tween 80 64

4.3.3 Comparison of Zeta-Potential of Double (W/O/W)
Emulsions Stabilized with Native and Conjugated
Pectin Compared to Tween 80 68

4.3.4 Comparison of Stability of Double (W/O/W)

Emulsions Stabilized with Native and Conjugated

Pectin Compared to Tween 80 73
4.3.5 Encapsulation Properties of Double (W;/O/W>)
Emulsions 75

4.3.5.1 Marker Concentration Measurable in Outer
Aqueous Phases (W3) 76

4.3.5.2 Recovery Yield of Tartrazine Marker 78

4.3.5.3 Encapsulation Efficiency and Encapsulation
Stability of Double (W1/O/W>) Emulsions 79

Xii



4.3.6 Monitoring Morphology Droplets Distribution of
Double (W/O/W) Emulsions by Optical Microscopy 83

5 SUMMARY, CONCLUSION AND RECOMMENDATIONS

FOR FUTURE RESEARCH 87

5.1 Conclusions 87

5.2 Suggestions and Recommendations 88
REFERENCES 89
APPENDICES 105
BIODATA OF STUDENT 108

LIST OF PUBLICATIONS 109

xiii



Table

2.1

2.2

23

24

2.5

3.1

32

3.3

4.1

4.2

43

4.4

4.5

LIST OF TABLES

Sources of plant-based polysaccharide gum

Different functions and applications of plant gums in the food
industry

Technological disadvantages of pectin as an emulsifier

Modification techniques for improvement of the functional
properties of pectin

Different parameters of conjugation process
Compositions of differently formulated double emulsions

Matrix of full factorial design for pectin conjugation process
(part I)

Matrix of full factorial design for double emulsions production
(part IT)

p-value and F-ratio of conjugation process independent
variables

Initial pH of single (O/W) emulsions as a function of the ratio
of pectin-pea protein isolate and incubation time

Stability index of singe emulsions stabilized by native pectin,
pectin-pea protein isolate mixtures and conjugates after one-
mouth storage

p-value and F- ratio of independent variables in double
emulsion production

The marker concentration measurable (MCm) in outer aqueous
phase solutions (W) of different emulsifiers, and the recovery
yields (Ry) of marker in W,-phase of O/W, emulsions
stabilized with different emulsifiers

X1v

Page

11

12

15

22

30

30

36

53

56

58

76



Figure

2.1

2.2

3.1

4.1

4.2

43

4.4

4.5

4.6

4.7

LIST OF FIGURES

A) The basic unit of pectin, * poly a-1,4 D-galacturonic acid.
B) Smooth and hairy regions of pectin

Schematic of the Maillard reaction

O/W emulsion stabilized with pea protein isolate (1%, w/w),
immediately after preparation

SDS-PAGE pattern of native pea protein isolate (lane 2),
native pectin (lane 8) and pectin-pea protein conjugates at
ratio 2:1 (after 0, 6, 27 and 48 h of incubation: lanes 3-6,
respectively), 1:2 (after 0, 6, 27 and 48 h of incubation: lanes
9-12, respectively), 3:1 (after 48 h of incubation: lane 7).
Lane 1 presents the protein molecular weight standard

SEM micrographs showing the morphology of the native
pectin (A), pea protein isolate (B), pectin-pea protein isolate
mixture at different ratios before incubation (C-F), and after
48 h incubation at 60 °C and 79% relative humidity (G-J)

Influence of different incubation times (0, 6, 27 and 48 h)
and pectin-pea protein isolate ratios (1:1, 2:1, 3:1, 1:2 and
1:0) on the solubility of native, mixed, and conjugated
polymers

Influence of different incubation times (0, 6, 27 and 48 h)
and pectin-pea protein isolate ratios (1:1, 2:1, 3:1, 1:2 and
1:0) on the moisture content of native, mixed, and conjugated
polymers

Viscosity-shear rate profile of several single emulsions
containing pectin (A) and pectin-pea protein isolate at ratio
1:1 (B); 2:1 (C); 3:1 (D) and 1:2 (E)

Effect of different incubation times (0, 6, 27 and 48 h) and
pectin-pea protein isolate ratios (1:1, 2:1, 3:1, 1:2 and 1:0)
on the apparent viscosity of single emulsions at shear rate 60
S—l

Influence of different incubation times (0, 6, 27 and 48 h)
and pectin-pea protein isolate ratios (1:1, 2:1, 3:1, 1:2 and
1:0) on the initial (A) and final (B) average droplets size, the
Sauter mean diameter (D[3,2]), of single emulsions

XV

Page

14

20

31

33

37

39

41

44

45



4.8

4.9

4.10

4.11

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

4.20

4.21

4.22

Influence of different incubation times (0, 6, 27 and 48 h)
and pectin-pea protein isolate ratios (1:1, 2:1, 3:1, 1:2 and
1:0) on the initial (A) and final (B) average droplets size, the
de Brouckere mean diameter (D[4,3]), of single emulsions

Zeta-potential distribution of several single emulsions
Electrophoretic mobility and Zeta-potential of several single
emulsions as a function of pectin-pea protein isolate ratio and
incubation time on 1% day (A) and 30" day (B)

Influence of different incubation times (0, 6, 27 and 48 h)
and pectin-pea protein isolate ratios (1:1, 2:1, 3:1, 1:2 and
1:0) on the initial (A) and final (B) stabilities of single (O/W)

emulsions

Apparent viscosity of double emulsions containing 2%
PGPR (A) and, 5% PGPR (B) at shear rate 60 s°!

Pseudoplastic behavior of double emulsions as a function of
shear rate

Surface mean diameter, D [3, 2] and volume mean diameter,
D [4, 3] of various double emulsions

Particle size distribution of several double emulsions
Electrophoretic mobility and Zeta-potential of double
emulsions as a function of hydrophilic emulsifier type and

content and PGPR content on 1" day (A) and 30™ day (B)

Initial pH of double emulsions as a function of hydrophilic
emulsifier type and content and PGPR content

Zeta-potential distribution of several double emulsions

Stability index of double emulsions prepared by pectin,
conjugated pectin and Tween 80

Stability of double emulsions prepared with three different
formulations in the fresh form (A) and after one-month

storage (B)

Standard curve showing the absorbance of Tartrazine marker
at 435 nm as a function of marker concentration

Mixtures of Tartrazine dye + emulsifier solution

XVi

46

49

51

55

57

61

65

67

69

70

72

74

75

77

77



4.23

424

4.25

4.26

4.27

4.28

Comparison of the encapsulation properties of double
emulsions stabilized by pectin (A), conjugated pectin (B) and
Tween 80 (C)

(A) Inner droplets shrinkage; (B) Water diffusion from inner
phase to outer phase

Optical microscopy images of Wi/O emulsions prepared
with 2% PGPR (A) and 5% PGPR (B); (C) internal aqueous
phase (W) of double emulsions plus 0.6 mg/ml Tartrazine
marker

Optical microscopy images of double emulsions containing
2% pectin plus 5% PGPR in the fresh form (A) and after 30
days of storage at 4°C (B)

Optical microscopy images of double emulsions prepared
with 2% conjugated pectin plus 2% PGPR in the fresh form
(A) and after one-month storage at 4 °C (B); (C) Type of
double emulsion globules produced in the current study

Optical Microscopy images of double emulsions prepared

with 0.5% Tween 80 plus 2% PGPR in the fresh form (A)
and after one-month storage at 4 °C (B)

Xvii

79

82

84

85

86

87



LIST OF ABBREVIATIONS

ANOVA Analysis of variance

COOH Carboxyl group

DA Degree of meyhyl acetylation
DE Degree of meyhyl estrification
D-GalA D-galacturonic acid

DLS Dynamic light scattering

Ee Encapsulation efficiency

e.g. Exempli gratia

Es Encapsulation stability

GLM General linear model

g Gram

g Gravitational acceleration

et al Et alibi

h Time (hour)

H* Hydrogen ion

HLB Hydrophilic-lipophilic balance
ie. That is

kDa Kilodalton

kV kilovolt

L-Rha L-rhamnose

M Molar

min Minute

mg/mL Milligram per milliliter

mL Milliliter

mm Millimeter

mV Millivolt

nm Nanometer

OH Hydroxyl group

O/W Oil-in-water

O/W/O Oil-in-water-in-oil

PGPR Polyglycerol polyricinoleate
pH Power of hydrogen ion

pKa Acid dissociation constant

Ip Isoelectric point

PPI Pea protein isolate

RH Relative humidity

R-SO3 Sulfur trioxide

Ry Recovery yield

st Time (per second)

SDS Sodium dodecyl sulphate
SDS-PAGE Sodium dodecyl sulphate-polyacrylamide gel electrophoresis
SEM Scanning electron microscopy
UK United Kingdom

USA United States of America

\% Volt

Vs. Versus

W/O Water-in-oil

Xviil



CHAPTER 1

INTRODUCTION

Hydrocolloids are large heterogeneous hydrophilic polymers from natural sources
(i.e. animal, plant and microbial sources). They simply interact with water due to the
presence of many hydroxyl groups in their molecular structure. Hydrocolloids have
many applications in food industries as a stabilizer, emulsifier, thickener, texture
modifier and coating and gelling agent (Phillips & Williams, 2000; Viebke, Al-
Assaf, & Phillips, 2014). They are immensely useful in extending the shelf-life of
emulsion systems. In food industry, the most well-known hydrocolloids include gum
Arabic (Acacia senegal), modified starch, pectin, modified cellulose, and
galactomannans (Dickinson, 2003; Garti & Reichman, 1993). The use of gums in
food applications is a noteworthy work because they are low-cost, readily available,
harmless and green nature. They are mainly extracted from fruit peels (e.g. citrus
fruits: apples, oranges, and grapefruit) and seeds (e.g. creeping fig seeds) or grains
flours (e.g. rice and maize). In the viewpoint of availability, plant sources are capable
of being renewed.

Pectin is a linear polysaccharide gum from plant sources such as citrus peel (25-35%
on a dry basis) and apple pomace (10-15% on a dry basis). The source and extraction
condition play a significant role in the molecular structure and functional properties
of pectin. Pectin composed of D-galacturonic acid linked in chains by o - (1—4)
glycoside linkages. In addition to D-galacturonic acid, some other sugars like
rhamnose, arabinan, galactan, or arabinogalactan are also present in the molecular
structure of pectin. It is one of the most valuable by-products initially extracted from
the agricultural biomass waste of food industries. Pectin has many applications in
food, cosmetic and pharmaceutical products. It acts as a gelling agent, water binder,
stabilizer, texture and rheology modifier, and biodegradable surfactant (Abbaszadeh,
2008). Oil-in-water (O/W) emulsions can be stabilized by using viscous
polysaccharide gums (e.g. maltodextrins and pectin) (Shepherd, Robertson, &
Ofman, 2000). However, they are mostly hydrophilic polymers and they do not act
as suitable emulsifiers. This phenomenon is mainly because of the lack of
hydrophobic zones in their molecular structure. Consequently, oil droplets will
become larger time to time due to the flocculation and coalescence, thus inducing
inefficient emulsifying function for most of polysaccharide gums (Huang, Kakuda,
& Cui, 2001). In many cases, the concentration of viscous polysaccharides (like
pectin) play a significant role in the emulsion stability (Mirhosseini, Tan, Aghlara,
Hamid, Yusof, & Chern, 2008a). Pectin is mainly used to increase the viscosity of
the continuous aqueous phase, thereby making very stable emulsion (Akhtar,
Dickinson, Mazoyer, & Langendorff, 2002). Consequently, a high level of energy is
required for pumping and transportation of such high viscous solution containing
high amount of pectin (Rao, 2014). On the other hand, the application of low amount
of pectin results in flocculation and phase separation in the emulsion system (Huang
et al., 2001).

The functional properties of pectin depend on the degree of
methylation/esterification. In most cases, high methoxyl pectin is used as a stabilizer



to retard the sedimentation and phase separation in the emulsion system.
Furthermore, several factors such as pH, heat treatment, and ionic strength also
considerably affect the functional characteristics of pectin (Jensen, Rolin, & Ipsen,
2010; Kim & Wicker, 2011). One of the disadvantages of pectin is that the pectin-
stabilized emulsions do not show very high stability during storage (less than one or
two months). It seems that the low absorption capability of pectin (to the oil droplets
surface) causes such small emulsifying activity.

There is a possibility to improve the functional properties of polysaccharide gums
through chemical, physical and enzymatic modifications. However, they have their
own advantages and disadvantages. Conjugation process via Maillard reaction is one
of the accepted green methods applied for modification of functional characteristics
of protein and polysaccharide gums (Al-Hakkak & Al-Hakkak, 2010). In fact,
through this environmentally-friendly reaction, the linkage is formed between the e-
amino-groups of protein and the reducing end carbonyl groups of polysaccharide
gum (Bouyer, Mekhloufi, Rosilio, Grossiord, & Agnely, 2012). In most cases, the
newly conjugated hybrid polymer has better emulsifying activity than the individual
polymers.-It must be noted that the effectiveness of conjugation process depends on
many factors such as its experimental condition, type, content, and ratio of protein
to polysaccharide gum.

The effect of conjugation with pea protein isolate (PPI) on functional characteristics
of pectin, and the application of this conjugated hybrid polymer in oil-in-water
(O/W) single and water-in-oil-in-water (W/O/W) double emulsions have not been
reported yet. The main goal of the present study was to improve the emulsifying
activity and functional characteristics of native pectin through conjugation with pea
protein isolate (PPI). The use of synthetic emulsifiers (e.g. PGPR and Tween) is not
recommended due to their side effect on human health (Bouyer et al., 2012).
Furthermore, the high amounts of such synthetic surfactants are required to stabilize
the double (W/O/W) emulsions. In the food industry, there are some restrictions on
type and concentration of applied emulsifiers especially low molecular weight
emulsifiers (e.g. PGPR and Tween 80) in producing double emulsions. Therefore,
there is a huge demand for a natural suitable emulsifier in order to produce desirable
double emulsion in the food systems.

In this study, the possibility of replacement of Tween 80 with the conjugated pectin
in double (W/O/W) emulsion was investigated. Also, the emulsifying activity and
functional properties of conjugated pea protein isolate-pectin were compared with
that of native pectin. The following objectives were considered to approach the main
goal:

1. To investigate the effect of different mixing and conjugation conditions on
particle morphology, and emulsifying activity and other functional
characteristics of pectin conjugated with pea protein isolate (PPI).

2. To examine the emulsifying activity and other functional properties of
conjugated pectin as a replacer for Tween 80 in stabilizing double (W/O/W)
emulsions.
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