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ABSTRACT

Considerable attention has been directed to nanoparticles based on gelatin biopolymer
due to its numerous available active group sites for attaching target molecules and
acting as a drug or nutraceutical delivery system. The main aim using such
nanoparticles is to improve the therapeutic effects and also to reduce the side effects
of formulated drugs due the natural and cheap availability of gelatin. Gelatin obtained
from fish skin and scales can provide a potential alternative source with almost the
same rheological properties as mammalian gelatin and is a beneficial way to use fish
waste such as skin, bones and fin which is generally discarded. Nanoencapsulation of
bioactive compounds within fish skin gelatin nanoparticles can improve the
bioavailability, delivery properties, and solubility of the nutraceutical within the blood
stream. Many of such bioactive peptides (biopeptides) are potent antioxidants and as
oxidative stress is the main cause of the onset of various chronic diseases
encapsulation of antioxidant biopeptides within a fish gelatin nanocarrier system could
be a potential remedy to prevent or delay the onset of such diseases and for better
health prospects. The purpose of this study was to prepare a safe and cost efficient
novel food delivery nanoparticle system encapsulating a desirable antioxidant
biopeptide. A high quality protein isolate was chosen from four species; sunflower
corn, palm kernel cake and moringa oriefera by alkaline extraction and isoelectric
precipitation, and sunflower protein isolate (0.322+0.82 mg/ml protein content) was
used as starting material for the generation of an extensive enzymatic protein
hydrolysates using sequentially an endo-protease (Alcalase) and an exo-protease
(Flavourzyme) and the protein hydrolysates, (biopeptide) with a degree of hydrolysis
of 53.6 %, was white and non bitter. The antioxidant activity of the sunflower protein
hydrolysates (biopeptide) was quite high at DPPH of 89+1.01% and FRAP assay of
968+0.68 um/L. Gelatin was extracted from Tilapia fish at an average yield of 10%
wt/wt of fish skin and scales. The proximal composition of the gelatin was similar to
that of the commercial gelatins, with slightly higher moisture content. The tilapia skin
gelatin had whitish yellow color and a similar pH to commercially available gelatin.
Gelatin nanoparticles were prepared by a two step desolvation process encapsulating
the sunflower protein hydrolysates (biopeptide) and the average diameter of the
biopeptide loaded gelatin nanoparticle is between 228.3+0.11 and 1305+0.6 nm.
Protein loading efficiency is 76x1.1 % at an optimal pH of 2, glutaraldehyde
concentration of 2 ml and biopeptide concentration of 0.1 mg/ml and exhibits DPPH
at 92% and FRAP assay of 978+0.65 um/L. To understand the absorption and protein
release of the GNPs, the biopeptide loaded gelatin nanoparticles were subjected to
simulated gastrointestinal conditions mimicking the human stomach and intestine and
showed a peptide release of 0.1464 and 0.277 mg/mL upon pepsin and pancreatin
digestion respectively. This system also demonstrates the capability of preventing the
denaturation of protein encapsulated in the GNPs. Cell adhesion studies with human
fibroblasts have shown that gelatin nanoparticles do not affect the number of cells
adhered to glass as compared to control cells with no particles. Standard cell viability
assay demonstrated that cells incubated with gelatin nanoparticles remained more than
100% viable at concentration of 25ug/ml. Upon addition of GNPs loaded with
antioxidant biopeptide to frozen yoghurt, negligible difference was measured for pH,
hardness and cohesiveness; however, syneresis and adhesiveness saw a slight



variation. The antioxidant activity of yoghurt fortified with the antioxidant biopeptide
showed an increase with increasing concentration of GNPs added and would deliver
the desired food nanoparticle delivery system.



Eondl Ao

G ot adedl e Al 48U Slendl 1S slezaly ple angs s
Jordly Bl Slydl BB Al dbad) wlegast) wdlse e dpdall sgag) EUS,
SUISy 2ol Sl et ) pllad) s gy L JE ST Jles ey plaST
2 b Gom ody 5 llly ) e Aaall B 2l BV e
phtig W Ll @S oy gny g oy mglond) Yol L85 oL
oWl 3 e @ SV @ U ol OGL L allY) oLST) 8 ol
L aamsdsl jafladl i e el Shexe Sty e 3y OF 28l
plaally WA oo 2 Ll plusiny suide 3 b ag colotdl (3 el
oS Lgas g Galsdl o glly AleW ol ezl s d) SLSUy Lile
(sl Al e Glendh W 3 Ladel dkid) olSL) a5 dbad)
Bsd) Sligz) oda e il a2 Bl 3 BRI 4Ly (ST ailasy
o el 88 ST sl Y O Ly iy 50ST Slslian o Larglsy 22
ot 3nS W Balall aed) ol Cadis 0l oY) e il el
20 b T 59 056 0T S chandl e 3 Slgl) S 3B pllss
oAbl oda e 2 A bl G @5 e Jsadly (210 0da e 54l
s Bl Lot LS G o Jlaby ol rall dpaline Slaguor allai sl
el dnl n 535 dle ogp Jio bl @ S W slall sl Al sl e
ANl Gl e sl Sy oyl o Slsy (el sl 83 plaseal £
52 oo Jo | fa 0.322) sl sle 9z Jiog a8 92Y) o ly (S5l
I Syl plasaal J enly 255) Slidsn Adsd el Sl (U
didly (SUyer ogny (FIAVOUIZYME) ipnlt 8Ty (IS aldel

blas OKSJ_{J.A )ﬁﬁj ;LA:J C,d\fc / 536 E.M,.M; L“;U.\ Jl:;ﬂ\ S Z\:,-).B c" L,,Sﬁ;J



L T Ule (@sd) dad)) meddl sle (wigy oOE o30SV Slslias
A 709,500 0682968 1y FRAP ., 7 1.01 + 89 .. DPPH
aislmy ondl o e 0l 110 8 Jues Lol Aol n b £lmaad o
el Belee ool e ol ST Ol a e Sly ALl awilen
) B dopa oy 3dall L wigdy S el dsby s e gylndl
oiye 13 ) ades dbuly 1A B Sl 2 ¢ LU sl
gl A Slagear ab Lawgtey (s dadd)) el sle Slidsy Cadid
& e Jeod 8elisy s Sea 1305 5 0.112228.3 ¢ 1 sy alest
(lutaraldehyde) gt s 155y ¢ 2 Jalt aogudi anys 3 7 11276
iugling 7. 92 e DPPH 20y 1/ e 0.1 oot and) 5550 16 2
o Dl GMbls elasV) vedl 7 [ ey S 0.65£978 aiu FRAP
ekt g b BT (et dz b Aot 36l ol Sl s (GNPS
0.277 5 0.1464 . axdl Sl cyebly aadl sbaally sl SUE ol
5 Ll g plladl s L (Ll e nty Sy sl 2n e o [ ois
o W Bladl bl webl s (GNPS & Gl cwadl wsis s o
gl adadll LW sue e 55 Y 25U oot ol Of 3y 2l Lo
OF a2 26 Ll el Sl Jo oid Y @) S L Bl
25 ;sp sl s o 100 e T i gl claad! s dnasd) WU
J s slall gedt azdt ket GNPS J ws) e L e/ ol Ko
U3 pay 2haleadly 23lally aosedl Bays 3 aldl B 3 E chesl (o))
S 3 s SV Slslae blis gbly Lcaib OMasl Blad¥) 5 5T oags
2z sy DLkl GNPS (555515 e 3345 3S W slall (ot dzdy el

skl a8l 2l Clepndl Lo i



APPROVAL PAGE

The thesis of Igrah Akbar has been approved by the following:

Irwandi Jaswir
Supervisor

Parveen Jamal
Co-Supervisor

Nassereldeen Ahmed Kabbashi
Internal Examiner

Noriham Abdullah
External Examiner

Hadi Nur
External Examiner

Roslina Othman
Chairman

Vi



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. | also declare that it has not been previously or concurrently
submitted as a whole for any other degrees at IIUM or other institutions.

Igrah Akbar

SIGNATUIE ... Date ..o

vii



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

THE DEVELOPMENT OF TILAPIA FISH SKIN GELATIN
NANOPARTICLES IN ENCAPSULATED BIOPEPTIDES FOR
YOGHURT APPLICATION

| declare that the copyright holders of this thesis are jointly owned by the student and
IHUM.

Copyright © 2020 Igrah Akbar and International Islamic University Malaysia. All rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder
except as provided below

1. Any material contained in or derived from this unpublished research may
be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The IHUM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries.

By signing this form, | acknowledged that | have read and understand the UM
Intellectual Property Right and Commercialization policy.

Affirmed by Igrah Akbar

Signature Date

viii




ACKNOWLEDGEMENTS

First of all, 1 would like to thank Allah SWT for giving me a chance to pursue
education and finish my doctoral report. | would like to thank my main supervisor, Dr.
Irwandi Jaswir who has helped me throughout the period of my studies. I could not
have finished my work without his constant support and guidance.

I would also like to sincerely thank my beloved co-supervisor, Dr. Parveen
Jamal, who did not only help me through all the ups and downs of my study period but
also continuously mentored me to aim higher and achieve my goal.

| would like to thank my sister, Isra Akbar, for helping me in finishing my
studies and motivating me throughout my journey of this degree. I would not have
finished my PhD without her help and effort. | would also like to thank my parents for
being there for me.



N o1 1 = Tod PSPPSR i
ADSEFACT IN ATADIC ... b iv
APPIOVAI PAGE ...ttt vi
DECIATALION ...ttt bbb bt vii
COPYIIGNE PAGE.....eeeieieiie bbb viii
ACKNOWIBAGEMENTS ...t sre e enes iX
LISt OF TaDIES ... et xiii
TS 0 T TN =TSSR Xiv
LiSt OF ADDIEVIALIONS .....veeviiciiee et XV
CHAPTER ONE: INTRODUCTION ....ccciiiiiiiect et 1
1.1 Research Background............cccooveiiiieiiciicic e 1
1.2 Statement Of the ProbIem .........cooveiiiiiiiec e 4
1.3 Research PhiloSOPNY .......cccoviiiiiiiicc e 6
1.4 Significance of the RESEAICN ..........ccccoviiiiiiiiiie e 7
1.5 ReSEarch ODJECLIVES ......cccvciiiiiiiiecie et 9
1.6 RESEAICH SCOPE ....oviueiiitiiti ettt 9
1.7 TRESIS STTUCLUIE.....cevveeeiticiicie sttt 11
CHAPTER TWO: LITERATURE REVIEW.........ccoiiiiieee s 12
2.1 GRIALIN ...t nre s 12
2.2 NANOPAILICIES......cciiieieciece et sae s 14
2.3 Factors for Preparation of Nanoparticles ...........cccocovieiiinniniiicien, 16
2.4 Gelatin Nanoparticles From Fish Collagen............ccccoceiveveiiciiececiennn, 17
2.5 Role of Biopeptides in the Biotechnology Industry...........ccccoevvvviininnnne. 21
2.5.1 Production ofBiOpeptides ........ccceveivieiieiiiieiiece e, 23
2.5.1.1 Solvent EXTraction .........cccocvevveienieneiie e 23
2.5.1.2 Enzymatic Hydrolysis .........cccovveiieiiiicii e 23
2.5.1.3 Microbial Fermentation ............cccocvevviieiieresie e eee e 24
2.5.2 Types of Biopeptides and their Properties...........cccocvveviveeivesveenne. 25
2.5.3 Antioxidant BIOPEPLIdES .......cceieiereriiiiieee e 27
2.5.4 Antioxidant Properties 0f SEeds .........cccovveviiiiieviii e 29
2.5.5 SUNTIOWEE SEEAS ......eoivveiieiece e 30
2.6 Process Conditions for Gelatin Nanoencapsulation.............cccccceeevevnenee. 31
2.6.1 EffeCt O PH ...ooeeiee e 32
2.6.2 Effect of Cross Linking Agent ‘Glutaraldehyde’ ...........cccccevuennee. 32
2.6.3 Effect of TEMPEratUre........cccoiviiviiiiiiieieieee e 33
2.6.4 Effect of Biopeptide Concentration...........cccceevveviieeieeiieesee s 33
2.7 Contemporary FOOd INAUSLIY ........ccooeiiiiiiiiinicee e 34
R T O3V (0] (0 )11 YOS PP 37
2.9 Chapter SUMMAIY........ccoiiiiiiieiesie ettt 39

TABLE OF CONTENTS



CHAPTER THREE: MATERIALS AND METHODOLOGY ......c.cccviviiiniennns 40

3L MALEITAIS ... e 40
3.1.1 RAW MALerialS.....c.ceviiiiiiieiece e 40
3.1.2 PrOTBASES ..ottt 40

3.2 Objective One: Selection of a Potential Source of Biopeptide and
Determine its AntioxXidant ACtIVILY ........cccccveveiieiiieie e 41
3.2.1 Preparation of Protein ISOlate ...........c.coovvieeiiiiniinieeeeeee 41
3.2.2 Preparation of Protein Hydrolysates (Biopeptides) ...........cccceenu.... 41
3.2.3 Degree of Hydrolysis.........cccooeiiiiiiniiiiieicccc e 42
3.2.4 Antioxidant Activity of the Targeted Biopeptide.......c...cccverveeneen. 42

3.2.4.1 DPPH Radical Scavenging ACHIVItY .........c.ccocvvvriviiniienn, 42
3.2.4.2 Ferric Reducing Antioxidant Power (FRAP) .........ccocu..... 43
3.2.5 Purification of the Antioxidant Biopeptide............cccccoovrvriiniininnnn, 43
3.2.6 AmIno Acid ANAlYSIS ......ccoveiiiiieie e 44

3.3 Objective Two: Optimization Study of Preparation of Gelatin
Nanoparticles Loaded with Antioxidant Biopeptides.............ccccoevvennne. 45
3.3.1 Gelatin Extraction from Tilapia Skin and Scales ...........cc.cccceevenee, 45
3.3.2 Preparation of Gelatin Nanoparticles...........cccocevvviviiiieie e, 46
3.3.3 Characterization of the Gelatin Nanoparticles Loaded with

Antioxidant BiOPeptide........cccevveiiiieiieie e 47
3.3.4 Zeta POtential .......ccccvvieeiieiicie e 47
3.3.5 Encapsulation Efficiency (EE) .........cccooeviiieiiieie e, 47

3.4 Objective Three: Cellular Effect and Body Digestion in Gastro
INEESTINAL TTACE ....eviieieiciieiee e 48

3.5 Objective Four: CytotOXICITY ASSAYS .....covervirererreierieniesiesiesiesieeeeeeeees 49
351 Cell CUIUIE. ..ot 49
3.5.2 Cell ANESION ASSAY......ceiiieiiririeniesiesieeie et 50
3.5.3 In Vitro Cell Viability/Cytotoxicity Studies...........cccccvevvverierreennenn, 50

3.6 Objective Five: Effect of Fish Gelatin Nanoparticles on the
Physical and Textural Properties of Yoghurt............c.cccooveiiiiiiicineee 51
3.6.1 Preparation of Fresh Made Yogurt and Fortification with

Antioxidant Biopeptide Loaded Gelatin Nanoparticles.................. 51

3.6.1.1 Measurement of Textural Properties...........cccoevrivrveinnnn, 52

3.6.1.2 Measurement of Chemical Properties ..........c.cccceevevvenenne. 52

3.6.1.3 Measurement of SYNEresis.........ccccevvvvevieiiieviesiee e, 52

3.6.2 Antioxidant Activity of Biopeptide Loaded Gelatin

Nanoparticles in Fortified YOQUIt..........ccoovviiieiiieiie e, 52

N A o 10T O - USSR 53

3.8 Chapter SUMMAIY.......c.coiiiiie it 54
CHAPTER FOUR: RESULTS AND DISCUSSION .....ccccoviiiiienene e 55

4.1 Objective One: Selection of a Potential Source of Biopeptide and
Determine its Antixodant Activity Introduction ............ccceceevviiieiiiennnn, 55
4.1.1 Preparation of Protein ISOlates..........ccocovvvieviiiiiiiineseee 55
4.1.2 Preparation of Protein Hydrolysates (Biopeptides) ...........ccceeunee.e. 57
4.1.3 Antioxidant Activity of the Targeted Biopeptide (Sunflower)....... 60
4.1.4 AmMIN0 ACId ANAIYSIS ....ooveiiiiieiieiece e 61

4.2 Objective Two: Optimization Study for the Preparation of Gelatin
Nanoparticles Loaded with Antioxidant Biopeptide............cccccevvvrrvnnenne. 65

Xi



421
4.2.2
4.2.3
4.2.4
4.2.5

4.2.6
4.2.7

4.2.8

4.2.9

Extraction of Gelatin from Tilapia Skin and Scales.......................
Proximal Composition of Gelatin............cccccevveviieviiie e,
Optimization of the Process Conditions for the Preparation

of Gelatin Nanoparticles from Tilapia........ccccccoocvvieiiiiiciie e
Characterization of the Gelatin Nanoparticles Loaded with
Antioxidant BiOpeptide.........ccovveiieieiieie e
Optimization of Gelatin Nanoparticles using Response

Surface Methodology ........covveiieieiieie e
FIt SUMMATY ..o
Statistical Model Development for Gelatin Nanoparticle

g (0o [¥Tox 1 o] o ST PRRTRR
Response Surface Plots for the Gelatin Nanoparticle

Production and its Encapsulation Efficiency...........ccccoovvviieiennen,
Antioxidant Activity of the Biopeptide Loaded Gelatin
NANOPAITICIES ... e

4.3 Obijective Three: Cellular Effect and Body Digestion in Gastro-
INEESTINAI TTACE ...
4.4 Obijective Four: Determining the Cytotoxicity of the Gelatin
Nanoparticles Loaded with Antioxidant Biopeptide.............cccccoovrveiennee.
4.5 Obijective Five: Effect of Fish Gelatin Nanoparticles on the
Physical and Textural Properties of Yoghurt..........ccocooiiiiiiiicienn,

451

45.2

Textural and Chemical Properties of the Fortified Yoghurt

with Antioxidant Loaded Gelatin Nanoparticles..............cccceveneee.
Antioxidant Activity of Biopeptide Loaded Gelatin
Nanoparticles in Fortified YOQUIt.........cccovivieiiieniiiicecee,

4.6 Chapter SUMMAIY........cooviiiiieiieee et re e e

CHAPTER FIVE: CONCLUSIONS AND FUTURE WORK .....cocooeeeeee,
D1 CONCIUSIONS ettt e e e e e e e e e e e e e e eeeeeeeeeeeeeeeeeneeeens
5.2 Recommendations for the Future Work ..o,

REFERENCES

LIST OF PUBLICATIONS ...

APPENDIX A:
APPENDIX B:
APPENDIX C:
APPENDIX D:

LIST OF EQUIPMENT ...t
AMINO ACID PROFILE. ...
PICTURES OF PRELIMINARY WORK ........cccooviiiiiiiee
FTIRRESULTS ..o

Xii



Table 2.1

Table 2.2

Table 2.3
Table 3.1
Table 3.2
Table 3.3

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 4.10

LIST OF TABLES

Gelatin Extraction from Various Fish Varieties

Recent Work Done on Various Protein Sources and Analyzing
their Biological Activity

Various Fortified Food Items Sold Worldwide
Experimental Range and Level of Factors

Modeling of the Gastrointestinal Conditions

List of Ingredients Required for Preparation of Yoghurt

Comparison of the Protein Content and the Antioxidant
Activity amongst the Four Defatted Oil Seed Meals

Amino Acid Composition of the Sunflower Protein
Hydrolysate

Proximal Compositions of the Tilapia Skin and Tilapia Skin
Gelatin

Optimization Study of the Gelatin Nanoparticles
Encapsulating Antioxidant Biopeptide

Analysis of Variance (ANOVA) of Response Surface
Quadratic Model for GNP Size Estimation

Analysis of Variance (ANOVA) of Response Surface
Quadratic Model for Encapsulation Efficiency of the GNPs

Protein Release of Biopeptide Loaded GNPs at Various Steps
of Digestion in the Gastrointestinal Tract

Comparison of the Physical Properties Following the Addition
of GNPs to Yoghurt

Comparison of the Chemical Properties Following the
Addition of GNPs to Yoghurt

Comparison of the Antioxidant Properties Following the
Addition of GNPs to Yoghurt

Xiii

21

27
36
47
49

51

56

63

66

73

78

79

89

98

99

102



Figure 2.1
Figure 2.2
Figure 2.3

Figure 2.4

Figure 2.5

Figure 2.6

Figure 2.7

Figure 3.1

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

LIST OF FIGURES

Basic Chemical Structure of Gelatin
Amino Acid Profile of Gelatin
Schematic Structure of Nanospheres and Nanocapsules

Schematic Representations of Nanoparticles Prepared by a)
Emulsion Method b) Two Step Desolvation Method

Advantages and Disadvantages of using Protein and Peptide
Delivery Systems

Generation Method of Peptides from Food Proteins

Physiological Functionality of Food Derived Bioactive
Peptides

Flow chart

Optimal Nanoparticle Size Distribution and the Polydispersity
Index of the Antioxidant Loaded Gelatin Nanoparticles

Surface Interaction Plot of pH and Glutaraldehyde on the
Particle Size of Antioxidant Loaded Gelatin Nanoparticles

Surface Interaction Plot of pH and Biopeptide Concentration
on the Particle Size of Antioxidant Loaded Gelatin
Nanoparticles

Surface Interaction Plot of Biopeptide and Glutaldehyde on
Encapsulation Efficiency of Antioxidant Loaded Gelatin
Nanoparticles

Surface Interaction Plot of Biopeptide and pH on
Encapsulation Efficiency of Antioxidant Loaded Gelatin
Nanoparticles

Variance of Absorbance vs Protein Content at Stages of
Digestion of GNPs Loaded with Antioxidant Biopeptide

Graphical Representation of Number of Cells Adhering to
Glass Coverslips After 24 h at 37°C

Cytotoxicity Profile of GNPs after 24 h Incubation with
Human Fibroblasts

Xiv

13
13

17

19

22

24

26

53

74

82

83

84

84

89

93

94



SAE

ACE
ANOVA
Apps
ABTS
AU
BHA
BHT
CO,
CPP
Da
DPPH
DOE
DSM
EDTA
et al
FAO
FCCCD
FDA
FITC
FRAP

g/mL
GNP
GRAS

H20:
H2SO4
HCI
HGC
HMW
HPLC
IEP
KH2PO4
LAB
LAPU
LDA
MTT
NaCl
NaOH
Na2S03
NPBRO
PBS
PEG

LIST OF ABBREVIATIONS

Society of Automotive Engineers
Microliter

Angiotensin-Converting Enzyme
Analysis of Variance

Applications

2,2'-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid)
Anson Units

Butylated Hydroxyanisole

Butylated Hydroxytoluene

Carbon Dioxide

Calcium-Binding Phosphopeptides

Dalton

2,2-diphenyl-1-picrylhydrazyl
Design of Experiment

Defatted Sunflower Meal
Ethylenediaminetetraacetic acid

(et alia): and others

Food and Agricultural Organization of the United Nations
Face Centred Central CompositeDesign
Food and Drug Administration

Fluorescein

Ferric Reducing Antioxidant Assay

Gram

gram/liter

Gelatin Nanoparticles

Generally Recognized as Safe

Hours

Hydrogen Peroxide

Sulphuric Acid

Hydrochloric Acid

Human Chorionic Gonadotropin

High Molecular Weight

High Performance Liquid Chromatography
IsoElectric Point

Potassium Phosphate

Lacto Bacillus Bacteria

Leucine Aminopeptidase Unit

Laser Doppler Anemometry
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
Sodium Chloride

Sodium Hydroxide

Sodium Sulphate
Nano-emulsion containing Purple Rice Bran Oil
Phosphate Buffer Solution

Poly ethylene Glycol

XV



PCS Photon Correlation Spectroscopy

PG Propyl Gallate

RSM Response Surface Methodology
SFM Sunflower Meal

TCA TriChloroAcetic Acid

TFA TriFlouroAcetic Acid

TBHQ Tert-Butyl Hydroquinone
WPC Whey Protein Concentrate

XVi



CHAPTER ONE
INTRODUCTION

1.1 RESEARCH BACKGROUND
Gelatin is a hydrocolloid polymer and is a derivative of collagen extracted from skin,
bone, and connective tissues of various animal kinds. On partial hydrolysis of
collagen, it becomes a denaturalized protein and has found various applications as an
important alternative source of protein for applications not only in the food and
pharmaceutical industry but also in usage in materials and cosmetic industries (Jelloui
et al., 2011) depending upon its rheological properties. While various physico-
chemical properties of gelatin such as the molecular composition, the color, taste and
odor of gelatin, solubility, transparency are determining factors for its application,
viscous properties, strength and stability to heat in terms of gelling and melting
temperatures, which are the important criteria for establishing its overall commercial
applicability. Therefore, gelatin is extremely versatile in its application in the food
industry as a packaging material due to its biodegradability, foaming and fining agent,
emulsifier, colloids stabilizer and a nano-encapsulating agent (Gomez-Guillén et al.,
2011). Moreover, its shows promising biomedical utility including its usage as a
protein stabilizer in numerous formulations such as vaccines, sponges (Gelfoam®) as
well as plasma expanders. Gelatin has been established as a safe food supplement and
has been documented as “Generally Recognized as Safe” (GRAS) by the US Food and
Drug Administration (FDA).

Pig skin at 46 %, bovine hide at 29.4 % and pork and cattle bones at 23.1 %
respectively account for the world’s major gelatin production whereas fish gelatin, in

the year 2010, reported 1.5 % of total gelatin production. However, the current



production of gelatin has been doubled since 2002, suggesting that the need for
alternatives for mammalian gelatin is on the rise (Goémez-Guillén et al., 2009). The
gelatin obtained from mammalian sources has raised serious socio-cultural concerns
of not being halal and acceptable by various religious groups all over the world as
well as the sanitary aspects regarding the animals such as the epidemic of mad cow
disease in cows. Hence, an interest has risen in better utilization of the by-products of
fish industry as gelatin sources and therefore, the past decade has seen much attention
has been directed to exploration and exploitation of various fish species for their
gelatin content and various gelatin extraction processes have been optimized to
achieve this goal (Goémez-Guillén et al., 2002; Karim & Bhat, 2009). Worldwide,
78 % of the fish catch is consumed by humans as a main course, more than 21% of
fish industry by products account for non-food usage in terms of skin, scales and
internal organs (Vannuccini, 2004). As stated by Kelleher (2005), fish industry and
processing generates a large biomass of fish waste in the form of skin, bones and fins
which accounts for 7.3 million tons/year and is discarded into the environment. This
has led to the establishment of fish waste as a potent halal gelatin source which
confirms to many socio-cultural norms. Malaysia being a tropical country surrounded
by ocean on all sides has many varieties of fish and the fish industry is blooming,
thereby releasing large quantities of fish waste which can in turn be used for gelatin
production.

Gelatin has shown such acceptance as it is cheap and is readily available.
Moreover, its biocompatibility, biodegradability and low antigenicity are added
advantages for its wide applications (Elzhogby, 2013). Gelatin is a derivative of
collagen, which is the most abundant protein source in animals, thus becoming highly

available; it is natural and does not produce any harmful by-products on degradation.



However, a major drawback associated with gelatin is in terms of its molecular weight
which can cause irregularity and instability of gelatin derived nanoparticles.
Nonetheless, a lot of successful research has been done on gelatin nanoparticles and
its variants and have been employed in a range of biomedical applications such as
encapsulation of bioactive compounds, targeted drug delivery and sustained release
inside the human body (Dwivedi et al., 2012; Garg et al., 2012; Gaihre et al., 2009; Li
et al., 2013).

Addition of various bioactive compounds showing promising health benefits
such as vitamins, minerals, antioxidants, antimicrobial, biopeptides, probiotics,
enzymes, polyphenols and even targeted drugs have become a growing trend in the
contemporary food industry, thereby improving the functional and nutritional value of
food. Nanoencapsulation of bioactive compounds is widely employed for achieving
stabilized food composition and the nanocarrier food systems comprise of lipid or
natural biodegradable polymer-based capsules such as albumin, gelatin, alginate,
collagen, chitosan, and a-lactalbumin are most often utilized for encapsulation (Reis et
al., 2006; Graveland-Bikker & De Kruif, 2006). Since the delivery of any bioactive
compound to various sites within the body is directly affected by the particle size
(Kawashima, 2001; Hughes, 2005) nanoparticles improve the bioavailability, delivery
properties, and solubility of the nutraceuticals due to more surface area per unit
volume and thus their biological activity and allow them to enter the bloodstream
from the gut more easily. Nanoencapsulation also protect the bioactive compounds in
the digestion stream from oral and rapid intestinal degradation until their release at
targeted sites (Gouin, 2004).

Epidemiological studies have established bioactive peptides derived from

major protein sources such as meat, milk, egg, soybeans, fish, nuts, legumes with



numerous health benefits such as antihypertensive, antioxidant, anti-inflammatory,
antimicrobial, immuno-modulatory and other biologically relevant activities(Liu,
2004; Pan et al., 2009; Sacks et al., 2006). Many of such bioactive peptides
(biopeptides) are potent antioxidants and as oxidative stress is the main cause of the
onset of various chronic diseases such as various forms of cancer, tumor,
hypertension, artheritis, antioxidant biopeptides could be a potential remedy to prevent
or delay the onset of such diseases. Nanoencapsulated antioxidant biopeptides are
highly permeable through the human intestines where fast degradation and better
uptake of peptides into the blood stream takes place and therefore incorporation into

food systems can provide with many health benefits.

1.2 STATEMENT OF THE PROBLEM

Food and pharmaceutical industry worldwide are experiencing an exponential demand
for gelatin due to its wide attributes as a natural, nontoxic, biodegradable, readily
available and cheap polymer. Gelatin polymer has also gained wide popularity for
production of nanoparticles with numerous available active sites for attaching
targeting molecules and drug or nutraceutical delivery systems aiming to improve the
therapeutic effects, targeted delivery and reduce the side effects. While mammalian
sources such as pigs and cows are the main gelatin sources, alternatives are required to
meet the socio-cultural and health concerns associated with it. Moreover, recent
outbreaks such as mad cow disease in cows and the nonhalal status of pigs, there has
been a certain push to further the demand of non-mammalian gelatin sources.
Therefore, fish skin gelatin extracted can be a potential alternative exhibiting the same
rheological and chemical properties as mammalian gelatin (Irwandi et al., 2009). Fish

industry generates a lot of by-products (7.3 million tons/year, DoF Annual Fisheries



Statistics, 2014) in the form of skin, bone and fins which can provide an economically
beneficial way to produce gelatin. Consequently, research is required to investigate an
increased utilization of collagenous fish waste for the production of gelatin
nanoparticles and its application in the functional food industry.

Upon enzymatic degradation proteins break into biopeptides which can
currently centered focus of research in the functional food industry as biopeptides
exhibit various biological roles such as antioxidants, antimicrobials, antifungal, and
even as potent drugs and thereby can prevent or delay the onset of cellular damage
due to free radical oxidation (Nimalaratne et al., 2015). These biopeptide fractions
can be incorporated, suspended and dispersed or encapsulated into different forms
such as emulsions, liposomes, nutraceuticals, and other edible biopolymers to gaining
their optimum functionality, bioavailability, stability and targeted effectiveness
(Amar-Yuli et al., 2010; Livney, 2010; Patel & Velikov, 2011; Elzoghby et al., 2012).
While the major protein sources in the industry are meat, milk or fish sources, various
oil producing seeds such as sunflower, corn, canola, palm kernel etc have
exceptionally high protein content left behind after the oil extraction. The meals after
oil extraction can be successfully hydrolyzed to yield numerous peptide fractions with
antioxidant ability and can be a commercial way of consuming the left over from the
oil industry. Therefore, in addition to solving environmental issues, the more complete
utilization of the oil meal as a source for inexpensive protein for human needs could
also respond to continuously increasing worldwide demand for proteins (Gonzalez-
Pérez et al., 2005; Gonzalez-Pérez & Vereijken, 2007). The use of fish gelatin
nanoparticles to encapsulate antioxidant biopeptide would give the food and
pharmaceutical industry an ingredient with greater functional flexibility and permit the

industry to more easily maintain kosher/halal status, and give the consumer new



opportunities for functionally developed foods and provide more religiously

acceptable foods.

1.3 RESEARCH PHILOSOPHY

There is an exponential need for halal sources of gelatin especially fish, not just in the
religious sectors but worldwide due to the various diseases and non halal status
associated with mammalian gelatin. Fish gelatin has shown promising results in
nanoencapsulation of various drugs and peptide molecules due to their targeted
delivery, delayed release and minimum side effects. Antioxidant biopeptides derived
from the byproducts of oil industry into gelatin nanoparticles could create a new
dimension in the food nutraceutical and pharmaceutical industry. Therefore, the
philosophy of this research is geared towards establishing fish skin and scales as a
potential halal gelatin alternative based on its rheological properties for application as
nanocarriers in the food industry. Biopeptides were obtained from defatted oil cakes
left behind as byproducts of the oil industry. With the demand for protein on the rise,
it proved to be a viable yet cheap alternative to meet the current demands. The protein
from the defatted oil cakes was enzymatically hydrolyzed to split into various peptide
fractions and the antioxidant peptide sequence was purified. Various enzymes have
the ability to clip the parent protein molecule into desired biopeptides fractions. The
hydrolyzed protein isolate showing the highest antioxidant activity was encapsulated
in the gelatin nanoparticle so produced and the loaded nanoparticles were studied for
various factors. It was essential to analyze the morphology of the particles, their
cellular uptake and digestion in the gastro intestinal tract. An investigation of the
cytotoxicity of the gelatin nanoparticles loaded with antioxidant biopeptides and the

viability of the cells was tested to confirm its safe use in the food industry. As the



antioxidant loaded gelatin nanoparticles were rendered safe for human consumption
based on the cytotoxicity tests, their food application was tested by adding them to a

yoghurt sample.

1.4 SIGNIFICANCE OF THE RESEARCH

Industries, such as those related to food, agricultural, pharmaceuticals, cosmetics and
photography have increased their efforts for obtaining gelatin based nanocarries such
as polyphenols, vitamins, carotenoids, proteins, drugs and vitamins from sources other
than bovine or porcine origin due to their major constraints and socio cultural aspects.
With the ever growing demand of gelatin due to biocompatibility and availability,
production and utilization of fish based gelatin not only satisfies the need of the
industry but also serves as a means to utilize the discarded byproducts of the fish
industry (Silva et al., 2014). One of the major applications of this fish based gelatin is
in nanotechnology for encapsulating bioactive compounds and pharmaceutical agents
and their targeted release in the body.

In recent years, there has been great interest in finding new antioxidants from
natural sources for use in food and medicinal materials to replace synthetic
antioxidants. Vitamin C, a-tocopherol and phenolic compounds, which are present
naturally in vegetables, fruits and seeds, possess the ability to reduce oxidative
damage associated with many diseases, including cancer, cardiovascular diseases,
atherosclerosis, etc. Hydrolyzed proteins from many animal and plant sources have
been found to possess antioxidant activity, and many sources of bioactive peptides
have been exploited including the defatted oil meal cakes. Bioactive peptide is usually
inactive when exists as a part of the parent protein but can be released during food

processing and enzymatic hydrolysis. The size and composition of a peptide



determines its antioxidant and free radical scavenging properties (Nimalaratne, 2014).
Thereby, formulating such biopeptides into a nanoparticulate system can improve its
bioavailabilty into the cellular components (Ribeiro et al., 2010). Keeping that in
consideration, the current study set up a new nanocarrier system containing
antioxidant biopeptides which can pose many therapeutic uses. Since nanoparticle
formation by desolvation is a self-charge neutralization process, the effective size of
the nanoparticles is bound to be dependent on the pH of the preparatory solution
(Saxena et al., 2005). Among the suitable compounds, the gelification properties of
gelatin as well as the strong dependence of gelatin ionization with pH made this
compound an interesting candidate to be used to the effective intracellular delivery of
active biomacromolecules (Nahar et al., 2008). An optimum desolvation process was
established for maximum biopeptide uploading dependent on three factors namely pH
(2-12) (Nahar et al., 2008; Saxena et al., 2005), glutaraldehyde concentration which
helps in crosslinking the nanoparticles and stability and biopeptide concentration(0.1-
1.0 mg/ml) (Park et al., 2004; Jiang et al., 2015; Vanvervoot & Lugwig, 2004;
Ofokansi et al., 2010). The cellular uptake of the nanoparticles and their cytotoxicity
was determined. Once the cytotoxicity was determined, yoghurt sample was prepared
which was fortified with gelatin nanoparticles to establish the food application of
antioxidant loaded gelatin nanoparticles (GNPs) produced. With the acceptance of
biopeptides obtained from oil industrial byproducts as antioxidant agents, and
encapsulation in GNPs, it has presented a new dimension to the current usage of

gelatin nanoparticles obtained from fish.



