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ABSTRAK

Sekitar lebih 50% kapsul keras dihasilkan daripada gelatin haiwan yang bermungkinan
membawa risiko penyakit haiwan dan sumber gelatin yang dilarang oleh agama.
Kesedaran mengenai sumber gelatin ini telah mendorong banyak pembangunan kapsul
keras alternatif baru yang berasaskan tumbuhan. Objektif kajian ini adalah untuk
memformulasikan dan menghasilkan kapsul keras yang berpotensi daripada campuran
gam arab dan semi refined kappa carrageenan. Komposit GA-SRC disediakan pada
nisbah berat SRC yang berbeza iaitu 33% (GC33), 50% (GC50) dan 67% (GC67).
Polyethylene glycol (PEG 400) dan alginate ditambah pada kepekatan yang sama.
Sampel kawalan iaitu gam arab (GAF) dan semi refined kappa carrageenan (SRCF) telah
dibandingkan dengan sampel komposit. Sifat-sifat sampel dicirikan untuk sifat
mekanikal, morfologi permukaan, sifat haba dan masa disintegrasi. Elemen dan pencirian
fungsi bahan mentah; gam arab dan semi refined kappa carrageenan telah menunjukkan
keserasian untuk membentuk filem komposit melalui pembentukan ikatan hidrogen. GAF
menunjukkan sifat rapuh dan permukaan morfologinya licin dengan beberapa retak.
SCRF mempamerkan pengecutan dan mempunyai morfologi permukaan yang kasar
dengan kekuatan tegangan, 25.51 MPa. Peningkatan SRC di dalam sampel komposit
telah meningkatkan kelikatan larutan komposit, kekuatan tegangan dan gelung kapsul.
Kapsul keras GC67 menunjukkan kekuatan tegangan dan gelung kapsul yang paling
tinggi iaitu 36.21 MPa dan 34.11 N berikutan pada kelikatan larutan 1058 mPa.s. Kapsul
keras ini disintegrasi pada 7.30 minit. Penambahan gam arab telah menghasilkan
permukaan yang lebih licin. Oleh itu, GC67 berpotensi untuk pembangunan kapsul keras
dan objektif kajian ini telah tercapai.



ABSTRACT

More than 50% of the hard capsule is manufactured from the animal gelatin, which may
risk animal disease and religious prohibited source of gelatin. This awareness of gelatin
source has driven many new alternative plant-based hard capsule developments. The
present study's objective is to formulate and produce potential hard capsule from mixtures
of gum arabic and semi refined kappa carrageenan. The GA-SRC composites were
prepared at different SRC weight ratios of 33% (GC33), 50% (GC50) and 67% (GC67).
Polyethylene glycol (PEG 400) and alginate have been added at constant concentration.
The control films of gum arabic film (GAF) and semi refined kappa carrageenan film
(SRCF) have been compared to the composites. Samples properties were characterised
for its mechanical properties, surface morphologies, thermal properties and disintegration
time. The raw material elemental and functional characterisation of GA and SRC
suggested a compatibility to form composites through hydrogen bonding formation. GAF
demonstrated brittle property and has smooth surface morphology with some cracks.
SCRF exhibited shrinkage and has a rough surface morphology with the tensile strength
of around 25.51 MPa. The increment of SRC in composite films has increased the
composite solution viscosity, tensile strength and capsule loop. The hard capsule formed
from sample GC67 shows the highest tensile strength and capsule loop of 36.21 MPa and
34.11 N respectively at 1058 mPa.s solution viscosity. It was determined that the hard
capsule disintegrated at 7.30 minutes. The addition of gum arabic was able to make the
hard capsule film surface smoother. Thus, GC67 is potential for the development of hard
capsule, and the objective of this research was achieved.



TABLE OF CONTENT

DECLARATION

TITLE PAGE
ACKNOWLEDGEMENTS
ABSTRAK

ABSTRACT

TABLE OF CONTENT
LIST OF TABLES

LIST OF FIGURES

LIST OF SYMBOLS

LIST OF ABBREVIATIONS

CHAPTER 1 INTRODUCTION

1.1 Introduction

1.2 Research Study Background

1.3 Problem Statement

1.4 Motivation and Significant of Study
1.5  Objectives of Study

1.6 Scopes of Study

CHAPTER 2 LITERATURE REVIEW

2.1 Introduction
2.2 Polysaccharide

2.2.1 Gum Arabic

xii

Xiii



2.2.2 Kappa Carrageenan

2.3 Solidification Process

2.4 Solvent Casting Concept

2.5  Gelling Formation

2.6 Amorphous Film Characterisation
2.6.1 Solid State of Amorphous Film
2.6.2 Film Surface Morphology
2.6.3 Tensile Strength
2.6.4 The Functional Groups
2.6.5 Hydrogen Bond

2.7  Overview of Hard Capsule
2.7.1 Viscosity Measurement
2.7.2 Coating Dipping Process
2.7.3 Plasticiser
2.7.4 Toughening agent

2.8 Hard Capsule Properties
2.8.1 Hard Capsule Specification
2.8.2 Disintegration Test

2.9  Thermal Behaviour
2.9.1 Glass transition temperature (Tg)
2.9.2 Film Degradation and Activation Energy

2.10 Summary

CHAPTER 3 METHODOLOGY

3.1 Introduction

3.2 Materials

Vi

10

13

13

14

15

15

16

17

18

18

19

20

21

22

23

23

24

24

25

26

27

31

32

32

32



3.3 Preparation of Films

3.3.1

3.3.2

3.3.3

3.34

3.35

Preparation of Gum Arabic Film (GF)

Preparation of Gum Arabic-Semi Refined Kappa Carrageenan
Composite Film Formulation (GC) - Addition of Alginate (A)
and Plasticiser (P)

Experimental Set-Up and Hard Capsule Dipping Process
Solution Viscosity Measurement

Thickness and Moisture Content Hard Capsule Measurement

3.4  Raw Material, Film and Hard Capsule Characterisations

34.1

3.4.2

3.4.3

34.4

345

3.4.6

3.4.7

3438

Differential Scanning Calorimetry (DSC)

Thermogravimetric Analysis (TGA)

X-ray diffraction (XRD)

Inductively Coupled Plasma with Mass Spectrometry (ICP-MS)
Fourier Transform Infrared Spectroscopy (FTIR)

Scanning Electron Microscopy (SEM)

Tensile Strength and Capsule Loop

Disintegration Test

3.5  Broido Calculation based on TGA plot

3.6  Statistical Analysis

CHAPTER 4 RESULTS AND DISCUSSION

4.1 Introduction

4.2 Raw Material Properties

421

4.2.2

4.2.3

Thermal Properties of GA and SRC
Chemical Properties of GA and SRC

Surface Morphology Property

4.3 Gum Arabic Film Properties

vii

32

33

33

34

37

37

37

37

38

38

38

39

39

39

40

41

41

42

42

42

42

45

48

49



4.3.1 Solution Viscosity Measurement 50

4.3.2 Thermal Properties of GA Films 52
4.4  Hard Capsule from Composites of GA and SRC with Addition of Alginate and
PEG 400 58
4.4.1 Solution Viscosity Measurement 59
4.4.2 Thermal Properties of Hard Capsules 62
4.4.3 Chemical and Morphology of Composite Films 66
4.5  Broido Model and Activation Energy 70
4.6  Tensile Strength, Capsule Loop and Disintegration Time of Composites Hard
Capsules 73
CHAPTER 5 CONCLUSION AND FUTURE WORKS 77
5.1  Introduction 77
5.2  Conclusion 77
5.3  Recommendation for Future Works 78
REFERENCES 80
APPENDIX A 97

viii



REFERENCES

Abdullah, M. S. P., Noordin, M. L., Ismail, S. I. M., Mustapha, N. M., Jasamai, M.,
Danik, M. F., ... Shamsuddin, A. F. (2018). Recent Advances in the Use of
Animal-Sourced Gelatine as Natural Polymers for Food , Cosmetics and
Pharmaceutical Applications. Sains Malaysiana, 47(2), 323-336.
https://doi.org/http://dx.doi.org/10.17576/jsm-2018-4702-15

Abedinia, A., Mohammadi, A., & Sharifi, M. (2020). Trends in Food Science &
Technology Poultry gelatin : Characteristics , developments , challenges , and
future outlooks as a sustainable alternative for mammalian gelatin. Trends in Food
Science & Technology, 104(March), 14-26.
https://doi.org/10.1016/j.tifs.2020.08.001

Abu Bakar, S. H., & Adam, F. (2017). Determination of physical crosslink between
carrageenan and glyoxylic acid using density functional theory calculations.
Malaysian Journal of Analytical Sciences, 21(4), 979-985.
https://doi.org/https://doi.org/10.17576/mjas-2017-2104-25

Adam, F., Hamdan, M. A., Hana, S., Bakar, A., Yusoff, M., & Jose, R. (2020).
Molecular recognition of isovanillin crosslinked carrageenan biocomposite for
drug delivery application for drug delivery application. Chemical Engineering
Communications, 0(0), 1-12. https://doi.org/10.1080/00986445.2020.1731802

Adam, F., Jamaludin, J., Hana, S., Bakar, A., Abdul, R., & Hassan, Z. (2020).
Evaluation of hard capsule application from seaweed : Gum Arabic-Kappa
carrageenan biocomposite films Evaluation of hard capsule application from
seaweed : Gum Arabic-Kappa carrageenan biocomposite films. Cogent
Engineering, 7(1). https://doi.org/10.1080/23311916.2020.1765682

Aguirre-Loredo, R. Y., Rodriguez-Hernandez, A. 1., Morales-Sanchez, E., GOmez-
Aldapa, C. A., & Velazquez, G. (2016). Effect of equilibrium moisture content on
barrier, mechanical and thermal properties of chitosan films. Food Chemistry, 196,
560-566. https://doi.org/10.1016/j.foodchem.2015.09.065

Aguirre-loredo, R. Y., Velazquez, G., Gutierrez, M. C., Castro-rosas, J., Rangel-vargas,
E., & Gomez-aldapa, C. A. (2018). E ff ect of air fl ow presence during the
manufacturing of biodegradable fi Ims from polymers with di ff erent structural
conformation. Food Packaging and Shelf Life, 17(May), 162-170.
https://doi.org/10.1016/j.fpsl.2018.06.007

Akbar, J., Igbal, M. S., Massey, S., & Masih, R. (2012). Kinetics and mechanism of
thermal degradation of pentose- and hexose-based carbohydrate polymers.
Carbohydrate Polymers, 90(3), 1386-1393.

80



https://doi.org/10.1016/j.carbpol.2012.07.008

Al-Gousous, J., & Langguth, P. (2014). Oral Solid Dosage Form Disintegration Testing
- The Forgotten Test. Journal of Pharmaceutical Sciences, 104(9), 2664—2675.
https://doi.org/10.1002/jps.24303

Al-Tabakha, M. M. (2010). HPMC Capsules : Current Status and Future Prospects.
Journal of Pharmacy & Pharmaceutical Sciences, 13(3), 428-442.
https://doi.org/10.18433/J3K881

Ali, A., Ganie, S. A., & Mazumdar, N. (2018). A new study of iodine complexes of
oxidized gum arabic: An interaction between iodine monochloride and aldehyde
groups. Carbohydrate Polymers, 180(October 2017), 337-347.
https://doi.org/10.1016/j.carbpol.2017.10.005

Apandi, N. A. A,, Razak, N. A. S. A, Masri, M., Yusoff, S. F., & Lazim, A. M. (2013).
A Preliminary Study on Gum Arabic as a Binder in Preparation of Starch Based
Edible Plastic. International Journal of Advanced Science Engineering
Information Technology, 3(2), 50-52. https://doi.org/10.18517/ijaseit.3.2.301

Aphibanthammakit, C., Nigen, M., Gaucel, S., Sanchez, C., & Chalier, P. (2018).
Surface properties of Acacia senegal vs Acacia seyal films and impact on specific
functionalities. Food Hydrocolloids, 82, 519-533.
https://doi.org/10.1016/j.foodhyd.2018.04.032

Appelgvist, I. A. M., Cooke, D., Gidley, M. J., & Lane, S. J. (1993). Thermal properties
of polysaccharides at low moisture: 1-An endothermic melting process and water-
carbohydrate interactions. Carbohydrate Polymers, 20(4), 291-299.
https://doi.org/10.1016/0144-8617(93)90102-A

Arham, R., Mulyati, M. T., Metusalach, M., & Salengke, S. (2016). Physical and
mechanical properties of agar based edible film with glycerol plasticizer.
International Food Research Journal, 23(4), 1669-1675.
https://doi.org/10.17605/0OSF.I0/5WKBJ

Azizi, S., Mohamad, R., Abdul Rahim, R., Mohammadinejad, R., & Bin Ariff, A.
(2017). Hydrogel beads bio-nanocomposite based on Kappa-Carrageenan and
green synthesized silver nanoparticles for biomedical applications. International
Journal of Biological Macromolecules, 104(December), 423-431.
https://doi.org/10.1016/j.ijbiomac.2017.06.010

Bae, H. J., Cha, D. S., Whiteside, W. S., & Park, H. J. (2008). Film and pharmaceutical
hard capsule formation properties of mungbean, waterchestnut, and sweet potato

81



starches. Food Chemistry, 106(1), 96-105.
https://doi.org/10.1016/j.foodchem.2007.05.070

Barreto, P. L. M., Pires, A. T. N., & Soldi, V. (2003). Thermal degradation of edible
films based on milk proteins and gelatin in inert atmosphere. Polymer Degradation
and Stability, 79(1), 147-152. https://doi.org/10.1016/S0141-3910(02)00267-7

Barth, A. (2007). Infrared spectroscopy of proteins. Biochimica et Biophysica Acta -
Bioenergetics, 1767(9), 1073-1101. https://doi.org/10.1016/j.bbabio.2007.06.004

Bixler, H. J. (1994). The Carrageenan Connection IV. British Food Journal, 96(3), 12—
17. https://doi.org/10.1108/00070709410060763

Bothara, S. B., & Singh, S. (2012). Thermal studies on natural polysaccharide. Asian
Pacific Journal of Tropical Biomedicine, 2(2 SUPPL.), S1031-S1035. Retrieved
from http://www.scopus.com/inward/record.url?eid=2-s2.0-

84865982537 &partnerlD=40&md5=7f997f2513ddacf087138fbe8d29edb5

Bouaouina, H., Desrumaux, A., Loisel, C., & Legrand, J. (2006). Functional properties
of whey proteins as affected by dynamic high-pressure treatment. International
Dairy Journal, 16(4), 275-284. https://doi.org/10.1016/j.idairyj.2005.05.004

Broido, A. (1969). A simple, sensitive graphical method of treating thermogravimetric
analysis data. Journal of Polymer Science Part A-2: Polymer Physics, 1773(10),
1761-1773. https://doi.org/10.1002/pol.1969.160071012

Bussemer, T., & Bodmeier, R. (2003). Formulation parameters affecting the
performance of coated gelatin capsules with pulsatile release profiles.
International Journal of Pharmaceutics, 267(1-2), 59-68.
https://doi.org/10.1016/j.ijpharm.2003.07.008

Campo, V. L., Kawano, D. F., Silva, D. B. Da, & Carvalho, I. (2009). Carrageenans:
Biological properties, chemical modifications and structural analysis — A review.
Carbohydrate Polymers, 77(2), 167-180.
https://doi.org/10.1016/j.carbpol.2009.01.020

Chen, Y., Zhao, H., Liu, X., Li, Z., Liu, B., Wu, J., ... Li, Y. (2016). TEMPO-oxidized
Konjac glucomannan as appliance for the preparation of hard capsules.
Carbohydrate Polymers, 143, 262-2609.
https://doi.org/10.1016/j.carbpol.2016.01.072

Chong, R. H. E., Jones, B. E., Diez, F., Birchall, J. C., & Coulman, S. A. (2016).
Evaluating the sensitivity, reproducibility and flexibility of a method to test hard

82



shell capsules intended for use in dry powder inhalers. International Journal of
Pharmaceutics, 500(1-2), 316-325. https://doi.org/10.1016/j.ijpharm.2016.01.034

Ciper, M., & Bodmeier, R. (2006). Modified conventional hard gelatin capsules as fast
disintegrating dosage form in the oral cavity. European Journal of Pharmaceutics
and Biopharmaceutics : Official Journal of Arbeitsgemeinschaft Fiir
Pharmazeutische Verfahrenstechnik e.V, 62(2), 178-184.
https://doi.org/10.1016/j.ejpb.2005.08.014

Cozic, C., Picton, L., Garda, M.-R., Marlhoux, F., & Le Cerf, D. (2009). Analysis of
arabic gum: Study of degradation and water desorption processes. Food
Hydrocolloids, 23(7), 1930-1934. https://doi.org/10.1016/j.foodhyd.2009.02.009

da S. Guldo, E., de Souza, C. J. F.,, da Silva, F. a. S., Coimbra, J. S. R., & Garcia-Rojas,
E. E. (2014). Complex coacervates obtained from lactoferrin and gum arabic:
Formation and characterization. Food Research International, 65, 367-374.
https://doi.org/10.1016/j.foodres.2014.08.024

da Silva, B. C., de Oliveira, M., Ferreira, J. G. L., Sierakowski, M. R., Simas-Tosin, F.
F., Orth, E. S., & Riegel-Vidotti, I. C. (2015). Polyelectrolyte complexes from gum
arabic and gelatin: Optimal complexation pH as a key parameter to obtain
reproducible microcapsules. Food Hydrocolloids, 46, 201-207.
https://doi.org/10.1016/j.foodhyd.2014.12.022

Daoub, R. M. A., EImubarak, A. H., Misran, M., Hassan, E. A., & Osman, M. E.
(2016). Characterization and functional properties of some natural Acacia gums.
Journal of the Saudi Society of Agricultural Sciences.
https://doi.org/10.1016/j.jssas.2016.05.002

Daugan, E., & Abdullah, A. (2013). Utilization of gum Arabic for industries and human
health. American Journal of Applied Sciences, 10(10), 1270-1279.
https://doi.org/10.3844/ajassp.2013.1270.1279

de Moura, M. R., Aouada, F. A., Avena-Bustillos, R. J., McHugh, T. H., Krochta, J. M.,
& Mattoso, L. H. C. (2009). Improved barrier and mechanical properties of novel
hydroxypropyl methylcellulose edible films with chitosan/tripolyphosphate
nanoparticles. Journal of Food Engineering, 92(4), 448-453.
https://doi.org/10.1016/j.jfoodeng.2008.12.015

Demchenko, A. V. (2008). General Aspects of the Glycosidic Bond Formation.
Handbook of Chemical Glycosylation: Advances in Stereoselectivity and
Therapeutic Relevance, 1-27. https://doi.org/10.1002/9783527621644.chl

83



Dhanapal, A., Rajamani, L., & Banu, M. (2012). Edible films from Polysaccharides.
Food Science and Quality ..., 3(1), 9-18. Retrieved from
http://iiste.org/Journals/index.php/FSQM/article/view/1057

Ebbing, D. D., & Gammon, S. D. (2009). General chemistry enhanced edition. (Ninth).
Brooks/Cole Cengage Learning.

Espinosa-andrews, H., Ba, J. G., Cruz-sosa, F., & Vernon-carter, E. J. (2007). Gum
Arabic - Chitosan Complex Coacervation. Biomacromolecules, 8(4), 1313-1318.
https://doi.org/10.1021/bm0611634

Ezan, S., Abidin, S. Z., & Adam, F. (2017). Synthesis and Characterization of Modified
Sago Starch Films for Drug Delivery Application. Australian Journal of Basic and
Applied Sciences, 11(3), 176-181. Retrieved from
http://www.ajbasweb.com/old/ajbas/2017/Special issue ICCEIB/176-181.pdf

Fakharian, M.-H., Tamimi, N., Abbaspour, H., Nafchi, A. M., & Karim, a. a. (2015).
Effects of x-Carrageenan on Rheological Properties of Dually Modified Sago
Starch: Towards Finding Gelatin Alternative for Hard Capsules. Carbohydrate
Polymers, 132, 156-163. https://doi.org/10.1016/j.carbpol.2015.06.033

Farhan, A., & Hani, N. M. (2017). Characterization of edible packaging films based on
semi-refined kappa-carrageenan plasticized with glycerol and sorbitol. Food
Hydrocolloids, 64, 48-58. https://doi.org/10.1016/j.foodhyd.2016.10.034

Farhan, A., & Mohd, N. (2017). Food Hydrocolloids Characterization of edible
packaging fi Ims based on semi-re fi ned kappa-carrageenan plasticized with
glycerol and sorbitol. Food Hydrocolloids, 64, 48-58.
https://doi.org/10.1016/j.foodhyd.2016.10.034

Farhan, A., & Mohd, N. (2020). Active edible fi Ims based on semi-re fi ned « -
carrageenan : Antioxidant and color properties and application in chicken breast
packaging. Food Packaging and Shelf Life, 24(January), 100476.
https://doi.org/10.1016/j.fpsl.2020.100476

Finkenstadt, V. L. (2005). Natural polysaccharides as electroactive polymers. Applied
Microbiology and Biotechnology, 67(6), 735-745. https://doi.org/10.1007/s00253-
005-1931-4

Galus, S., & Lenart, A. (2013). Development and characterization of composite edible
films based on sodium alginate and pectin. Journal of Food Engineering, 115(4),
459-465. https://doi.org/10.1016/j.jfoodeng.2012.03.006

84



Ganie, S. A., Ali, A., & Mazumdar, N. (2015). lodine derivatives of chemically
modified gum Arabic microspheres. Carbohydrate Polymers, 129, 224-231.
https://doi.org/10.1016/j.carbpol.2015.04.044

Gao, C., Pollet, E., & Avérous, L. (2017). Properties of glycerol-plasticized alginate
films obtained by thermo-mechanical mixing. Food Hydrocolloids, 63, 414-420.
https://doi.org/10.1016/j.foodhyd.2016.09.023

Gidley, M. J., & Reid, J. S. G. (2006). Galactomannans and other cell wall storage
polysaccharides in seeds. Food Polysaccharides and Their Applications.
https://doi.org/doi:10.1201/9781420015164.ch6\r10.1201/9781420015164.ch6

Glube, N., Moos, L. Von, & Duchateau, G. (2013). Capsule shell material impacts the
in vitro disintegration and dissolution behaviour of a green tea extract. Results in
Pharma Sciences, 3(1), 1-6. https://doi.org/10.1016/j.rinphs.2013.08.002

Gregorova, A. (2013). Applications of Different Scanning Calorimetry to the
characterization of Bioploymers. In Applications of Calorimetry in a Wide Context
— Differential Scanning Calorimetry, Isothermal Titration Calorimetry and
Microcalorimetry (p. 484). Croatia. https://doi.org/http://dx.doi.org/10.5772/53822

Guirguis, O. W., & Moselhey, M. T. H. (2012). Thermal and structural studies of poly (
vinyl alcohol ) and hydroxypropy! cellulose blends. Natural Science, 4(1), 57-67.
https://doi.org/10.4236/ns.2012.41009

Hadavi, M., Hasannia, S., Faghihi, S., Mashayekhi, F., Zadeh, H. H., & Mostofi, S. B.
(2017). Novel calcified gum Arabic porous nano-composite scaffold for bone
tissue regeneration. Biochemical and Biophysical Research Communications,
488(4), 671-678. https://doi.org/10.1016/j.bbrc.2017.03.046

Hamdan, M. A., Adam, F., & Mohd Amin, K. N. (2018). Investigation of Mixing Time
on Carrageenan-Cellulose Nanocrystals (CNC) Hard Capsule for Drug Delivery
Carrier. International Journal of Innovative Science and Research Technology,
3(1), 457-461. Retrieved from
https://www.semanticscholar.org/paper/Investigation-of-Mixing-Time-on-
Nanocrystals-(CNC)-Aiman-
Fatmawati/f5582c5e19f5d89b92841aba8e9695a9ccc2372b

He, H., Ye, J., Zhang, X., Huang, Y., Li, X., & Xiao, M. (2017). k-Carrageenan/locust
bean gum as hard capsule gelling agents. Carbohydrate Polymers, 175, 417-424.
https://doi.org/10.1016/j.carbpol.2017.07.049

Hezaveh, H., & Muhamad, I. I. (2013). Modification and swelling kinetic study of

85



kappa-carrageenan-based hydrogel for controlled release study. Journal of the
Taiwan Institute of Chemical Engineers, 44(2), 182-191.
https://doi.org/10.1016/j.jtice.2012.10.011

Hiwele, I. C., Ones, B. E. J., & Odczeck, F. P. (2000). The Shell Dissolution of Various
Empty Hard Capsules. Chemical and Pharmaceutical Bulletine, 48(July), 951
956. https://doi.org/10.1248/cph.48.951

Hou, W. E. Z. (2012). Glass Transition and Enthalpy Relaxation of Amorphous
FoodSaccharides: A Review. Journal of Agricultural and Food Chemistry, 54(16),
5701-5717. Retrieved from
http://www.aseanfood.info/Articles/11018989.pdf%5CnG:%5CR&D%5CRVAN
%5CREFERENCE%5CREF1273.pdf

Hurtado, A. Q., Gerung, G. S,, Yasir, S., & Critchley, A. T. (2013). Cultivation of
tropical red seaweeds in the BIMP-EAGA region. Journal of Applied Phycology,
1-12. https://doi.org/10.1007/s10811-013-0116-2

lahnke, A. O. e S., Costa, T. M. H., Rios, A. de O., & Fléres, S. H. (2015). Residues of
minimally processed carrot and gelatin capsules: Potential materials for packaging
films. Industrial Crops and Products, 76, 1071-1078.
https://doi.org/10.1016/j.indcrop.2015.08.025

Ibrahim, O. B., Osman, M. E., & Hassan, E. A. (2013). Characterization and simple
fractionation of Acacia Senegal. Journal of Chemica Acta, 2, 11-17. Retrieved
from
https://www.researchgate.net/publication/263974358 Journal_of Chemica_Acta

Ili Balqgis, A. M., Nor Khaizura, M. A. R., Russly, A. R., & Nur Hanani, Z. A. (2017).
Effects of plasticizers on the physicochemical properties of kappa-carrageenan
films extracted from Eucheuma cottonii. International Journal of Biological
Macromolecules, 103, 721-732. https://doi.org/10.1016/j.ijbiomac.2017.05.105

Igbal, M. S., Akbar, J., Saghir, S., Karim, A., Koschella, A., Heinze, T., & Sher, M.
(2011). Thermal studies of plant carbohydrate polymer hydrogels. Carbohydrate
Polymers, 86(4), 1775-1783. https://doi.org/10.1016/j.carbpol.2011.07.020

Igbal, M. S., Massey, S., Akbar, J., Ashraf, C. M., & Masih, R. (2013). Thermal
analysis of some natural polysaccharide materials by isoconversional method.
Food Chemistry, 140(1-2), 178-182.
https://doi.org/10.1016/j.foodchem.2013.02.047

Islam, a. M., Phillips, G. O., Sljivo, a., Snowden, M. J., & Williams, P. a. (1997). A

86



review of recent developments on the regulatory, structural and functional aspects
of gum arabic. Food Hydrocolloids, 11(4), 493-505.

https://doi.org/10.1016/S0268-005X(97)80048-3

Jadhav, N., Gaikwad, V., Nair, K., & Kadam, H. (2009). Glass transition temperature:

Basics and application in pharmaceutical sector. Asian Journal of Pharmaceutics,
3(June), 82. https://doi.org/10.4103/0973-8398.55043

Jamaludin, J., Adam, F., Abdul Rasid, R., & Hassan, Z. (2017). Thermal studies on

Arabic gum - carrageenan polysaccharides film. Chemical Engineering Research
Bulletin (Vol. 19). https://doi.org/10.3329/cerb.v19i0.33800

Jha, P. (2020). Effect of plasticizer and antimicrobial agents on functional properties of
bionanocomposite fi Ims based on corn starch-chitosan for food packaging

applications. International Journal of Biological Macromolecules, 160, 571-582.
https://doi.org/10.1016/j.ijbiomac.2020.05.242

Jiao, G,, Yu, G., Zhang, J., & Ewart, H. S. (2011). Chemical structures and bioactivities

of sulfated polysaccharides from marine algae. Marine Drugs, 9(2), 196-233.
https://doi.org/10.3390/md9020196

Jost, V., Kobsik, K., Schmid, M., & Noller, K. (2014). Influence of plasticiser on the

barrier , mechanical and grease resistance properties of alginate cast films.
Carbohydrate Polymers, 110, 309-3109.

https://doi.org/10.1016/j.carbpol.2014.03.096

Kaith, B. S., Sharma, R., Sharma, K., Choudhary, S., Kumar, V., & Lochab, S. P.
(2015). Effects of O 7 p and Ni 9 p swift heavy ions irradiation on polyacrylamide

grafted Gum acacia thin fi Im and sorption of methylene blue. Vaccum, 111, 73—
82. https://doi.org/10.1016/j.vacuum.2014.09.020

Kanmani, P., & Rhim, J.-W. (2014). Development and characterization of
carrageenan/grapefruit seed extract composite films for active packaging.

International Journal of Biological Macromolecules, 68, 258-266.
https://doi.org/10.1016/j.ijbiomac.2014.05.011

Kettani, H. (2010). 2010 World Muslim Population. Proceedings of the 8th Hawaii
International Conference on Arts and Humanities, (January), 1-61.
https://doi.org/10.7763/IJESD.2010.V1.28

Li, C., Zhu, W., Xue, H., Chen, Z., Chen, Y., & Wang, X. (2015). Physical and

structural properties of peanut protein isolate-gum Arabic films prepared by
various glycation time. Food Hydrocolloids, 43, 322—-328.

87



https://doi.org/10.1016/j.foodhyd.2014.06.003

Li, L., Ni, R., Shao, Y., & Mao, S. (2014). Carrageenan and its applications in drug
delivery. Carbohydrate Polymers, 103, 1-11.

https://doi.org/10.1016/j.carbpol.2013.12.008

Li, N., Liu, E., & Lim, C. H. (2007). Micro-DSC and rheological studies of interactions
between methylcellulose and surfactants. Journal of Physical Chemistry B,
111(23), 6410-6416. https://doi.org/10.1021/jp0712957

Lim, H., & Hoag, S. W. (2013). Plasticizer Effects on Physical-Mechanical Properties

of Solvent Cast Soluplus® Films. AAPS PharmSciTech, 14(3), 903-910.
https://doi.org/10.1208/s12249-013-9971-z

Liu, J., Zhan, X., Wan, J., Wang, Y., & Wang, C. (2015). Review for carrageenan-

based pharmaceutical biomaterials: favourable physical features versus adverse
biological effects. Carbohydrate Polymers, 121, 27-36.

https://doi.org/10.1016/j.carbpol.2014.11.063

Liu, Y., Hou, Z., Yang, J., & Gao, Y. (2014). Effects of antioxidants on the stability of
[-Carotene in O/W emulsions stabilized by Gum Arabic. Journal of Food Science
and Technology, 52(6), 3300-3311. https://doi.org/10.1007/s13197-014-1380-0

Liu, Y., Qin, Y., Bai, R., Zhang, X., Yuan, L., & Liu, J. (2019). International Journal of
Biological Macromolecules Preparation of pH-sensitive and antioxidant packaging

fi Ims based on « -carrageenan and mulberry polyphenolic extract. International
Journal of Biological Macromolecules, 134, 993-1001.

https://doi.org/10.1016/j.ijbiomac.2019.05.175

Lopez-Torrez, L., Nigen, M., Williams, P., Doco, T., & Sanchez, C. (2015). Acacia
senegal vs. Acacia seyal gums — Part 1: Composition and structure of
hyperbranched plant exudates. Food Hydrocolloids, 51, 41-53.
https://doi.org/10.1016/j.foodhyd.2015.04.019

Lu, E.-X., Jiang, Z.-Q., Zhang, Q.-Z., & Jiang, X.-G. (2003). A water-insoluble drug
monolithic osmotic tablet system utilizing gum arabic as an osmotic, suspending
and expanding agent. Journal of Controlled Release, 92(3), 375-382.
https://doi.org/10.1016/S0168-3659(03)00371-7

Maciel, J. S., Silva, D. A,, Paula, H. C. B., & Paula, R. C. M. De. (2005). EUROPEAN

POLYMER Chitosan / carboxymethyl cashew gum polyelectrolyte complex :
synthesis and thermal stability, 41, 2726-2733.

https://doi.org/doi:10.1016/j.eurpolymj.2005.05.009

88



Maleque, K. A. (2013). Effects of Exothermic / Endothermic Chemical Reactions with
Arrhenius Activation Energy on MHD Free Convection and Mass Transfer Flow
in Presence of Thermal Radiation. Journal of Thermodynamics, 2013.
https://doi.org/10.1155/2013/692516

Martins, J. T., Cerqueira, M. A., Bourbon, A. I, Pinheiro, A. C., Souza, B. W. S., &
Vicente, A. A. (2012). Synergistic effects between k-carrageenan and locust bean
gum on physicochemical properties of edible films made thereof. Food
Hydrocolloids, 29(2), 280-289. https://doi.org/10.1016/j.foodhyd.2012.03.004

Menczel, J., & Prime, R. (2009). Thermal analysis of polymers. Journal of Thermal
Analysis (Vol. 5). John Wiley & Sons, Inc., Publication.
https://doi.org/10.1007/BF01914481

Mitsuiki, M., Yamamoto, Y., Mizuno, A., & Motoki, M. (1998). Glass transition
properties as a function of water content for various low-moisture galactans.
Journal of Agricultural and Food Chemistry, 46(97), 3528-3534.
https://doi.org/10.1021/jf9709820

Mohammadi Nafchi, A., Moradpour, M., Saeidi, M., & Alias, A. K. (2014). Effects of
nanorod-rich ZnO on rheological, sorption isotherm, and physicochemical
properties of bovine gelatin films. LWT - Food Science and Technology, 58(1),
142-149. https://doi.org/10.1016/j.Iwt.2014.03.007

Mothé, C. G., & Rao, M. a. (2000). Thermal behavior of gum arabic in comparison with
cashew gum. Thermochimica Acta, 357-358, 9-13. https://doi.org/10.1016/S0040-
6031(00)00358-0

Odian, G. (2004). Principles of Polymerization (4th ed.). John Wiley & Sons, Inc.,
Publication. https://doi.org/10.1201/9780203647073-10

Ojha, P. K., Maji, R., & Karmakar, S. (2018). Effect of crystallinity on droplet
regression and disruptive burning characteristics of nanofuel droplets containing
amorphous and crystalline boron nanoparticles. Combustion and Flame, 188, 412—
427. https://doi.org/10.1016/j.combustflame.2017.10.005

Oun, A. A, & Rhim, J. W. (2017). Carrageenan-based hydrogels and films: Effect of
ZnO and CuO nanoparticles on the physical, mechanical, and antimicrobial
properties. Food Hydrocolloids, 67, 45-53.
https://doi.org/10.1016/j.foodhyd.2016.12.040

Panda, H. (2010). The Complete Book on Gums and Stabilizers for Food Industry.
Delhi, India: ASIA PACIFIC BUSINESS PRESS Inc., 1 Oct 2010 - 480 pages.

89



Paula, G. A., Benevides, N. M. B., Cunha, A. P., de Oliveira, A. V., Pinto, A. M. B.,
Morais, J. P. S., & Azeredo, H. M. C. (2015). Development and characterization of
edible films from mixtures of k-carrageenan, 1-carrageenan, and alginate. Food
Hydrocol. Food Hydrocolloids, 47, 140-145.
https://doi.org/10.1016/j.foodhyd.2015.01.004

Pearnchob, N., Dashevsky, A., & Bodmeier, R. (2004). Improvement in the
disintegration of shellac-coated soft gelatin capsules in simulated intestinal fluid.
Journal of Controlled Release, 94(2-3), 313-321.
https://doi.org/10.1016/j.jconrel.2003.10.004

Poulikakost, D. (1992). Transient solidification of a binary mixture in an inclined
rectangular cavity. Journal of Thermophysics and Heat Transfer, 6(2), 326-332.
https://doi.org/10.2514/3.363

Prajapati, V. D., Maheriya, P. M., Jani, G. K., & Solanki, H. K. (2014). Carrageenan: a
natural seaweed polysaccharide and its applications. Carbohydrate Polymers, 105,
97-112. https://doi.org/10.1016/j.carbpol.2014.01.067

Rabadiya, B., & Rabadiya, P. (2013). Ijprbs a Review : : Capsule Shell Material From
Gelatin To Non Animal Origin Material. Pharmaceutical Research and Bio-
Science, 2(3), 42—71. Retrieved from https://pdfslide.net/documents/a-review-
capsule-shell-material-from-gelatin-to.html

Rhim, J. W., & Wang, L. F. (2014). Preparation and characterization of carrageenan-
based nanocomposite films reinforced with clay mineral and silver nanoparticles.
Applied Clay Science, 97-98, 174-181. https://doi.org/10.1016/j.clay.2014.05.025

Riekes, M. K., Tagliari, M. P., Granada, A., Kuminek, G., Silva, M. A. S., & Stulzer, H.
K. (2010). Enhanced solubility and dissolution rate of amiodarone by
complexation with -cyclodextrin through different methods. Materials Science
and Engineering: C, 30(7), 1008-1013.
https://doi.org/10.1016/j.msec.2010.05.001

Roldan, I. U. M., Mitsuhara, A. T., Munhoz Desajacomo, J. P., de Oliveira, L. E., Gelli,
V. C., Monti, R., ... Masarin, F. (2017). Chemical, structural, and ultrastructural
analysis of waste from the carrageenan and sugar-bioethanol processes for future
bioenergy generation. Biomass and Bioenergy, 107(November), 233-243.
https://doi.org/10.1016/j.biombioe.2017.10.008

Roman, M., & Winter, W. T. (2004). Effect of sulfate groups from sulfuric acid
hydrolysis on the thermal degradation behavior of bacterial cellulose.
Biomacromolecules, 5(5), 1671-1677. https://doi.org/10.1021/bm034519+

90



Roos, Y. H. (2010). Glass Transition Temperature and Its Relevance in Food
Processing. Annual Review of Food Science and Technology, 1(1), 469-496.
https://doi.org/10.1146/annurev.food.102308.124139

Rudhziah, S., Rani, M. S. a., Ahmad, a., Mohamed, N. S., & Kaddami, H. (2015).
Potential of blend of kappa-carrageenan and cellulose derivatives for green
polymer electrolyte application. Industrial Crops and Products, 72, 133-141.
https://doi.org/10.1016/j.indcrop.2014.12.051

Saha, D., & Bhattacharya, S. (2010). Hydrocolloids as thickening and gelling agents in
food: A critical review. Journal of Food Science and Technology, 47(6), 587-597.
https://doi.org/10.1007/s13197-010-0162-6

Sanchez, C., Nigen, M., Mejia Tamayo, V., Doco, T., Williams, P., Amine, C., &
Renard, D. (2017). Acacia gum: History of the future. Food Hydrocolloids.
https://doi.org/10.1016/j.foodhyd.2017.04.008

Sarika, P. R., Cinthya, K., Jayakrishnan, a, Anilkumar, P. R., & James, N. R. (2014).
Modified gum arabic cross-linked gelatin scaffold for biomedical applications.
Materials Science & Engineering. C, Materials for Biological Applications, 43,
272-279. https://doi.org/10.1016/j.msec.2014.06.042

Schrauwen, B. a. G. (2003). Deformation and failure of semi-crystalline polymer
systems : influence of micro and molecular structure. Technische Universiteit
Eindhoven. https://doi.org/10.6100/1R563142

Sedayu, B. B., Cran, M. J., & Bigger, S. W. (2018). Characterization of Semi-refined
Carrageenan-Based Film for Primary Food Packaging Purposes. Journal of
Polymers and the Environment, 0(0), 0. https://doi.org/10.1007/s10924-018-1255-

y

Sedayu, B. B., Cran, M. J., & Bigger, S. W. (2021). Food Hydrocolloids Effects of
surface photocrosslinking on the properties of semi-refined carrageenan film. Food
Hydrocolloids, 111(August 2020), 106196.
https://doi.org/10.1016/j.foodhyd.2020.106196

Selvakumaran, S., & ldayu, I. (2015). Evaluation of kappa carrageenan as potential
carrier for fl oating drug delivery system : Effect of cross linker. International

Journal of Pharmaceutics, 496(2), 323-331.
https://doi.org/10.1016/j.ijpharm.2015.10.005

Sestak, J., Mares, J., & Hubrik, P. (2011). Glassy, Amorphous and Nano-Crystalline
Materials Hot Topics in Thermal Analysis and Calorimetry. Hot Topics in Thermal

91



Analysis and Calorimetry (\Vol. 8). Springer.

Shafii, Z., & Wan Siti Khadijah, W. M. N. (2012). Halal traceability framework for
halal food production. World Applied Sciences Journal, 17(SPL.1SS1), 1-5.
Retrieved from
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.389.6773&rep=repl&t

ype=pdf

Sherry Ku, M., Li, W., Dulin, W., Donahue, F., Cade, D., Benameur, H., & Hutchison,
K. (2010). Performance qualification of a new hypromellose capsule: Part I.
Comparative evaluation of physical, mechanical and processability quality
attributes of VVcaps Plus®, Quali-V®and gelatin capsules. International Journal of
Pharmaceutics, 386(1-2), 30—41. https://doi.org/10.1016/j.ijpharm.2009.10.050

Singh, A., Gevekea, D. J., & Yadav, M. P. (2016). Improvement of rheological, thermal
and functional properties of tapioca starch by using gum arabic. LWT - Food
Science and Technology, 80, 155-162. https://doi.org/10.1016/j.Iwt.2016.07.059

Singh, S., Rao, K. V. R., Venugopal, K., & Manikandan, R. (2002). Alteration in
Dissolution Characteristics of Gelatin-Containing Formulations A Review of the
Problem, Test Methods, and Solutions. Pharmaceutical Technology, (April), 36—
58. Retrieved from https://alfresco-static-
files.s3.amazonaws.com/alfresco_images/pharma/2014/08/22/3257ca7d-8bd7-
4h99-88a8-c7aaal29b3b7/article-14096.pdf

Sirvig, J. A., Kolehmainen, A., Liimatainen, H., Niinimaki, J., & Hormi, O. E. O.
(2014). Biocomposite cellulose-alginate films: Promising packaging materials.
Food Chemistry, 151, 343-351. https://doi.org/10.1016/j.foodchem.2013.11.037

Skurtys, O., Acevedo, C., Pedreschi, F., Enrione, J., Osorio, F., & Aguilera, J. (2001).
Food Hydrocolloid Edible Films and Coatings. Science & Engineering, 34.
Retrieved from
http://intrawww.ing.puc.cl/siding/datos/public_files/profes/fpedreschi_ GTSNWOE
DCWJOGDA/Food Hydrocolloid Edible Films and Coatings.pdf

Stachurski, Z. H. (2011). On structure and Properties of amorphous materials.
Materials, 4(9), 1564-1598. https://doi.org/10.3390/ma4091564

Stachurski, Z. H. (2015). Fundamentals of Amorphous Solids: Structure and Properties
(Vol. 6). Wiley-VCH Verlag. Retrieved from
https://books.google.com/books?hl=fr&Ir=&id=FvO6BWAAQBAJ&pgis=1

Stegemann, S., & Bornem, C. (2002). Hard gelatin capsules today — and tomorrow.

92



Capsugel Library, 2(192), 2-24. Retrieved from
https://www.semanticscholar.org/paper/Hard-gelatin-capsules-today-and-
tomorrow-Stegemann/12d4148f4e7a261c0d3020c0140f7192ea361706

Stegemann, S., Connolly, P., Matthews, W., Barnett, R., Aylott, M., Schrooten, K., ...
Bresciani, M. (2014). Application of QbD principles for the evaluation of empty
hard capsules as an input parameter in formulation development and
manufacturing. AAPS PharmSciTech, 15(3), 542-549.
https://doi.org/10.1208/s12249-014-0094-y

Stephen, A. M., & Churms, S. C. (2006). Chapter 1 Introduction. In A. M. S. G. O. P. P.
A. Williams (Ed.), Food Polysaccharides and Their Application (Second Edition)
(second edi, pp. 1-93). Taylor & Francis Group. Retrieved from
https://www.academia.edu/29759831/Food_Polysaccharides_and_Their_Applicati
ons_Second_Edition

Sun, G., Liang, T., Tan, W., & Wang, L. (2018). Rheological behaviors and physical
properties of plasticized hydrogel films developed from k-carrageenan
incorporating hydroxypropyl methylcellulose. Food Hydrocolloids, 85(May), 61—
68. https://doi.org/10.1016/j.foodhyd.2018.07.002

Tako, M. (2015). The Principle of Polysaccharide Gels. Advances in Bioscience and
Biotechnology, 6(January), 22—36. https://doi.org/10.4236/abb.2015.61004

Tavassoli-Kafrani, E., Shekarchizadeh, H., & Masoudpour-Behabadi, M. (2016).
Development of edible films and coatings from alginates and carrageenans.
Carbohydrate Polymers, 137, 360-374.
https://doi.org/10.1016/j.carbpol.2015.10.074

Thakur, R., Saberi, B., Pristijono, P., Golding, J., Stathopoulos, C., Scarlett, C., ...
Vuong, Q. (2016). Characterization of rice starch-i-carrageenan biodegradable
edible film. Effect of stearic acid on the film properties. International Journal of
Biological Macromolecules, 93, 952-960.
https://doi.org/10.1016/j.ijbiomac.2016.09.053

Tonon, R. V., Baroni, A. F., Brabet, C., Gibert, O., Pallet, D., & Hubinger, M. D.
(2009). Water sorption and glass transition temperature of spray dried acai
(Euterpe oleracea Mart.) juice. Journal of Food Engineering, 94(3-4), 215-221.
https://doi.org/10.1016/j.jfoodeng.2009.03.009

Tsai, F., Kitamura, Y., & Kokawa, M. (2017). Effect of gum arabic-modified alginate
on physicochemical properties , release kinetics , and storage stability of liquid-
core hydrogel beads. Carbohydrate Polymers, 174, 1069-1077.
https://doi.org/10.1016/j.carbpol.2017.07.031

93



Uekane, T. M., Costa, A. C. P., Pierucci, A. P. T. R., da Rocha-Ledo, M. H. M., &
Rezende, C. M. (2016). Sulfur aroma compounds in gum Arabic/maltodextrin
microparticles. LWT - Food Science and Technology, 70, 342-348.
https://doi.org/10.1016/j.Iwt.2016.03.003

USP 30. (2007). In United States Pharmacopeia (p. 276 — 277.).
https://doi.org/10.1001/jama.1930.02720030050030

Varghese, J. S., Chellappa, N., & Fathima, N. N. (2014). Gelatin-carrageenan
hydrogels: Role of pore size distribution on drug delivery process. Colloids and
Surfaces B: Biointerfaces, 113, 346-351.
https://doi.org/10.1016/j.colsurfb.2013.08.049

Weber, J. K. R., Benmore, C. J., Suthar, K. J., Tamalonis, A. J., Alderman, O. L. G.,
Sendelbach, S., ... Byrn, S. R. (2017). Using containerless methods to develop
amorphous pharmaceuticals. Biochimica et Biophysica Acta - General Subjects,
1861(1), 3686—3692. https://doi.org/10.1016/j.bbagen.2016.03.037

Wei, J., Liew, Y., Loh, K. S., Ahmad, A., Lim, K. L., & Wan, W. R. (2017). Synthesis
and characterization of modified « -carrageenan for enhanced proton conductivity
as polymer electrolyte membrane, 1-15.
https://doi.org/https://doi.org/10.1371/journal.pone.0185313

Williams, P. A., Phillips, G. O., & East, N. (2000). Gum arabic. In G. P. P. Williams
(Ed.), Handbook of hydrocolloids, Woodhead Publishing Ltd, Cambridge (First
Edit, pp. 155-168). Woodhead Publishing Ltd, Cambridge.

Wu, R., Kong, B., & Yang, X. (2009). Conformational transition characterization of
glass transition behavior of polymers. Polymer, 50(14), 3396-3402.
https://doi.org/10.1016/j.polymer.2009.05.013

Xiao, Q. (2018). Drying process of sodium alginate edible films forming solutions
studied by LF NMR. Food Chemistry, 250(January), 83-88.
https://doi.org/10.1016/j.foodchem.2018.01.043

Xu, T., Gao, C., Feng, X., Yang, Y., Shen, X., & Tang, X. (2019). International Journal
of Biological Macromolecules Structure , physical and antioxidant properties of
chitosan-gum arabic edible fi Ims incorporated with cinnamon essential oil.
International Journal of Biological Macromolecules, 134, 230-236.
https://doi.org/10.1016/j.ijbiomac.2019.04.189

Xu, Y., Wu, Y., Sun, P., Zhang, F., Linhardt, R. J., & Zhang, A. (2019). International
Journal of Biological Macromolecules Chemically modi fi ed polysaccharides :

94



Synthesis , characterization , structure activity relationships of action, 132, 970-
977. https://doi.org/10.1016/j.ijbiomac.2019.03.213

Yadav, M. P., Manuel Igartuburu, J., Yan, Y., & Nothnagel, E. a. (2007). Chemical
investigation of the structural basis of the emulsifying activity of gum arabic. Food
Hydrocolloids, 21(2), 297-308. https://doi.org/10.1016/j.foodhyd.2006.05.001

Yang, Y., Hu, H., Zhou, C. H., Xu, S., Sebo, B., & Zhao, X. Z. (2011). Novel agarose
polymer electrolyte for quasi-solid state dye-sensitized solar cell. Journal of Power
Sources, 196(4), 2410-2415. https://doi.org/10.1016/j.jpowsour.2010.10.067

Yap, B. K., & Gam, L. (2019). Di ff erentiation of bovine from porcine gelatin capsules
using gel electrophoresis method. Food Chemistry, 274(March 2018), 16-19.
https://doi.org/10.1016/j.foodchem.2018.08.111

Yebeyen, D., Lemenih, M., & Feleke, S. (2009). Characteristics and quality of gum
arabic from naturally grown Acacia senegal (Linne) Willd. trees in the Central Rift
Valley of Ethiopia. Food Hydrocolloids, 23(1), 175-180.
https://doi.org/10.1016/j.foodhyd.2007.12.008

Yimsiri, P., & Mackley, M. R. (2006). Spin and dip coating of light-emitting polymer
solutions : Matching experiment with modelling, 61, 3496-3505.
https://doi.org/10.1016/j.ces.2005.12.018

Yusuf, A. K. (2011). Studies on Some Physiological Properties of the Plant Gum
Exudates of Acacia senegal (Dakwara), Acacia sieberiana (Farar Kaya) and Acacia
nilotical (Bagaruwa). Jorind, 9(2), 10-17. Retrieved from
www.transcampus.org.%5Cnwww.ajol.info/journals/jorind

Zhang, L., Wang, Y., Liu, H., Yu, L., Liu, X., Chen, L., & Zhang, N. (2013).
Developing hydroxypropyl methylcellulose/hydroxypropyl starch blends for use as
capsule materials. Carbohydrate Polymers, 98(1), 73-79.
https://doi.org/10.1016/j.carbpol.2013.05.070

Zhang, N., Liu, H., Yu, L., Liu, X., Zhang, L., Chen, L., & Shanks, R. (2013).
Developing gelatin-starch blends for use as capsule materials. Carbohydrate
Polymers, 92(1), 455-461. https://doi.org/10.1016/j.carbpol.2012.09.048

Zhang, N., Liu, X., Yu, L., Shanks, R., Petinaks, E., & Liu, H. (2013). Phase
composition and interface of starch-gelatin blends studied by synchrotron FTIR
micro-spectroscopy. Carbohydrate Polymers, 95(2), 649-653.
https://doi.org/10.1016/j.carbpol.2013.03.045

95



Zhang, Y., Yang, N., Zhang, Y., Hou, J., Han, H., Jin, Z., ... Guo, S. (2020). E ff ects of

K -carrageenan on pullulan ’ s rheological and texture properties as well as pullulan
hard capsule performances. Carbohydrate Polymers, 238(November 2019),
116190. https://doi.org/10.1016/j.carbpol.2020.116190

Zhang, Z. H., Han, Z., Zeng, X. A., Xiong, X. Y., & Liu, Y. J. (2015). Enhancing
mechanical properties of chitosan films via modification with vanillin.

International Journal of Biological Macromolecules, 81, 638-643.
https://doi.org/10.1016/j.ijbiomac.2015.08.042

Zia, K. M., Tabasum, S., Nasif, M., Sultan, N., Aslam, N., Noreen, A., & Zuber, M.
(2016). A review on synthesis, properties and applications of natural polymer
based carrageenan blends and composites. International Journal of Biological
Macromolecules, 96, 282—301. https://doi.org/10.1016/j.ijbiomac.2016.11.095

Zohuriaan, M. J., & Shokrolahi, F. (2004). Thermal studies on natural and modified
gums. Polymer Testing, 23(5), 575-579.

https://doi.org/10.1016/j.polymertesting.2003.11.001

96





