OIL-IN-WATER EMULSION PRODUCTION USING Azolla microphylla PROTEIN AS NATURAL
EMULSIFIER: EMULSIFIER
CONCENTRATION EVALUATION

Muhammad Rizal Maulana, Dr. Qurrotul A'yun, S.T.P, M.Sc.; Prof. Dr. Ir. Chusnul Hidayat
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

REFERENCES
Akbari, M., Eskandari, M. H., & Davoudi, Z. (2019). Application and functions of fat
replacers in low-fat ice cream: A review. Trends in Food Science & Technology,

86, 34—40. https://doi.org/10.1016/1.tifs.2019.02.036

Ataeian, P., Aroyan, L., Parwez, W., & Tam, K. C. (2022). Emulsions undergoing phase
transition: Effect of emulsifier type and concentration. Journal of Colloid and

Interface Science, 617, 214-223. https://doi.org/10.1016/].jcis.2022.02.140

Berhe, M., You, J., Dossa, K., Li, D., Zhou, R., Zhang, Y., & Wang, L. (2024).
Examining Chlorophyll Extraction Methods in Sesame Genotypes: Uncovering
Leaf Coloration Effects and Anatomy Variations. Plants, 13(12), 1589.

https://doi.org/10.3390/plants13121589

Bindereif, B., Karbstein, H. P., & Van Der Schaaf, U. S. (2023). Sugar beet pectins for
the formulation of dressings and soft drinks: Understanding the complexity of

charged hydrocolloids in industrial food emulsions. Food Hydrocolloids, 1335,

108054. https://doi.org/10.1016/j.foodhyd.2022.108054

Bommakanti, V., Banerjee, M., Shah, D., Manisha, K., Sri, K., & Banerjee, S. (2022).
An overview of synthesis, characterization, applications and associated adverse

effects of bioactive nanoparticles. Environmental Research, 214, 113919.

https://doi.org/10.1016/j.envres.2022.113919

Bourne, M. C. (2002). Food texture and viscosity (2nd. ed). Academic press.
Cao, S., Xiang, F., Li, S., Ma, X., Hu, H., Guo, Q., Jiao, B., Agyei, D., Wang, Q., & Shi,

A. (2024). Characteristics of walnut oil and the residual cake prepared using various

71


https://doi.org/10.1016/j.tifs.2019.02.036
https://doi.org/10.1016/j.jcis.2022.02.140
https://doi.org/10.3390/plants13121589
https://doi.org/10.1016/j.foodhyd.2022.108054
https://doi.org/10.1016/j.envres.2022.113919

OIL-IN-WATER EMULSION PRODUCTION USING Azolla microphylla PROTEIN AS NATURAL
EMULSIFIER: EMULSIFIER
CONCENTRATION EVALUATION

Muhammad Rizal Maulana, Dr. Qurrotul A'yun, S.T.P, M.Sc.; Prof. Dr. Ir. Chusnul Hidayat
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

pretreatment and extraction methods. LWT, 206, 116596.

https://doi.org/10.1016/1.1wt.2024.116596

Chanapanchai, S., Fitriya, W., Artadana, . B. M., & Supaibulwatana, K. (2025).
Important role and benefits of Azolla plants in the management of agroecosystem
services, biodiversity, and sustainable rice production in Southeast Asia. Journal of

Integrative Agriculture, 24(8), 30043023. https://doi.org/10.1016/].jia.2025.02.027

Chang, C., Li, X., Zhai, J., Su, Y., Gu, L., Li, J., & Yang, Y. (2023). Stability of protein
particle based Pickering emulsions in various environments: Review on strategies
to inhibit coalescence and oxidation. Food Chemistry: X, 18, 100651.

https://doi.org/10.1016/j.fochx.2023.100651

Charcosset, C. (2009). Preparation of emulsions and particles by membrane
emulsification for the food processing industry. Journal of Food Engineering,

92(3), 241-249. https://doi.org/10.1016/j.jfoodeng.2008.11.017

Chekol, S. A., Nigussie, T. Z., & Fenta, B. A. (2024). Azolla as a beneficial macrophyte
for livestock feed: A review. Cogent Food & Agriculture, 10(1), 2367804.

https://doi.org/10.1080/23311932.2024.2367804

Collini, H., & Jackson, M. D. (2023). Zeta potential of crude oil in aqueous solution.
Advances in Colloid  and  Interface Science, 320, 102962.

https://doi.org/10.1016/1.¢is.2023.102962

Devaki, N. D., & Ghosh, S. (2024). Developing thermally stable beverage emulsions
using mildly fractionated pea proteins. Journal of the American Oil Chemists’

Society, 101(10), 981-996. https://doi.org/10.1002/aocs. 12825

78


https://doi.org/10.1016/j.lwt.2024.116596
https://doi.org/10.1016/j.jia.2025.02.027
https://doi.org/10.1016/j.fochx.2023.100651
https://doi.org/10.1016/j.jfoodeng.2008.11.017
https://doi.org/10.1080/23311932.2024.2367804
https://doi.org/10.1016/j.cis.2023.102962
https://doi.org/10.1002/aocs.12825

OIL-IN-WATER EMULSION PRODUCTION USING Azolla microphylla PROTEIN AS NATURAL
EMULSIFIER: EMULSIFIER

CONCENTRATION EVALUATION

Muhammad Rizal Maulana, Dr. Qurrotul A'yun, S.T.P, M.Sc.; Prof. Dr. Ir. Chusnul Hidayat

Gli\l\lg)lj\//\lilRlS\}[-/&ADSA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Dickinson, E., & Galazka, V. B. (1991). Bridging Flocculation in Emulsions Made with
a Mixture of Protein + Polysaccharide. In Food Polymers, Gels and Colloids (pp.

494-497). Elsevier. https://doi.org/10.1533/9781845698331.1.494

Felix, M., Guerrero, A., & Carrera-Sanchez, C. (2022). Optimization of Multiple
W1/0/W2 Emulsions Processing for Suitable Stability and Encapsulation

Efficiency. Foods, 11(9), 1367. https://doi.org/10.3390/foods11091367

Hallett, F. R. (1999). Scattering and Particle Sizing Applications*. In Encyclopedia of
Spectroscopy and Spectrometry (pp. 2488-2494). Elsevier.

https://doi.org/10.1016/B978-0-12-374413-5.00277-3

Hamdan, H. Z., & Houri, A. F. (2022). CO2 sequestration by propagation of the fast-
growing Azolla spp. Environmental Science and Pollution Research, 29(12),

16912-16924. https://doi.org/10.1007/s11356-021-16986-6

Han, Y., Li, L., Wei, F., Zhang, F., Pan, Z., Wei, Y., & Wang, L. (2024). Dandelion
polysaccharides improve the emulsifying properties and antioxidant capacities of
emulsions stabilized by whey protein isolate. Food Chemistry: X, 21, 101218.

https://doi.org/10.1016/i.fochx.2024.101218

Harini, N., Marianty, R., & Wahyudi, V. A. (2019). Analisa Pangan. Zifatama Jawara.

Heiden-Hecht, T., Ulbrich, M., Drusch, S., & Briickner-Giithmann, M. (2021). Interfacial
Properties of B-Lactoglobulin at the Oil/Water Interface: Influence of Starch
Conversion Products with Varying Dextrose Equivalents. Food Biophysics, 16(2),

169-180. https://doi.org/10.1007/s11483-020-09658-4

Hinderink, E. B. A., Kaade, W., Sagis, L., Schroén, K., & Berton-Carabin, C. C. (2020).

Microfluidic investigation of the coalescence susceptibility of pea protein-stabilised

79


https://doi.org/10.1533/9781845698331.1.494
https://doi.org/10.3390/foods11091367
https://doi.org/10.1016/B978-0-12-374413-5.00277-3
https://doi.org/10.1007/s11356-021-16986-6
https://doi.org/10.1016/j.fochx.2024.101218
https://doi.org/10.1007/s11483-020-09658-4

OIL-IN-WATER EMULSION PRODUCTION USING Azolla microphylla PROTEIN AS NATURAL
EMULSIFIER: EMULSIFIER
CONCENTRATION EVALUATION

Muhammad Rizal Maulana, Dr. Qurrotul A'yun, S.T.P, M.Sc.; Prof. Dr. Ir. Chusnul Hidayat
Gli\l\lg)lj\//\lilRl%[&ADSA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

emulsions: Effect of protein oxidation level. Food Hydrocolloids, 102, 105610.

https://doi.org/10.1016/j.foodhyd.2019.105610

Kavya, K. (2014). Nutritional evaluation of Azolla (Azolla pin- nata) and its
supplementary effect on in vitro digestibility of crop residues and total mixed
ration. A thesis submitted to Karnataka Veterinary, Animal and Fisheries Sciences
University, Nandinagar, Bidar.

Kirtil, E., & Yildiz, E. (2025). Recent advances and future frontiers in Pickering
emulsions for food applications: Bridging science, industry, and nutrition. Food
Research International, 214, 116622.

https://doi.org/10.1016/j.foodres.2025.116622

Kumar, M., Tomar, M., Potkule, J., Reetu, Punia, S., Dhakane-Lad, J., Singh, S.,
Dhumal, S., Chandra Pradhan, P., Bhushan, B., Anitha, T., Alajil, O., Alhariri, A.,
Amarowicz, R., & Kennedy, J. F. (2022). Functional characterization of plant-
based protein to determine its quality for food applications. Food Hydrocolloids,

123, 106986. https://doi.org/10.1016/j.foodhyd.2021.106986

Kumoro, A. C., Wardhani, D. H., Kusworo, T. D., Djaeni, M., Azis, Y. M. F., Alhanif,
M., & Ping, T. C. (2025). Ultrasound pretreatment and solvent extraction
parameters effects on the nutritional characteristics of Indonesian shortfin eel
(Anguilla bicolor bicolor) protein concentrate. Food Chemistry: X, 25, 102103.

https://doi.org/10.1016/j.fochx.2024.102103

Li, S., Hei, X., Cao, S., Zhou, J., Wu, C., Li, Q., Chen, Y., Jiao, B., Adhikari, B., Shi,
A., Ma, X., & Wang, Q. (2025). Analysis of the characteristics of walnut cultivars

and construction of the suitability evaluation model for soluble proteins processing.

80


https://doi.org/10.1016/j.foodhyd.2019.105610
https://doi.org/10.1016/j.foodres.2025.116622
https://doi.org/10.1016/j.foodhyd.2021.106986
https://doi.org/10.1016/j.fochx.2024.102103

OIL-IN-WATER EMULSION PRODUCTION USING Azolla microphylla PROTEIN AS NATURAL
EMULSIFIER: EMULSIFIER
CONCENTRATION EVALUATION

Muhammad Rizal Maulana, Dr. Qurrotul A'yun, S.T.P, M.Sc.; Prof. Dr. Ir. Chusnul Hidayat
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Journal of Integrative Agriculture, S2095311925002886.

https://doi.org/10.1016/1.j1a.2025.10.023

Lima, R. R., Stephani, R., Perrone, . T., & De Carvalho, A. F. (2023). Plant-based
proteins: A review of factors modifying the protein structure and affecting
emulsifying  properties.  Food  Chemistry  Advances, 3,  100397.

https://doi.org/10.1016/j.focha.2023.100397

Mahbubul, I. M. (2019). Introduction to Nanofluid. In Preparation, Characterization,
Properties and  Application  of  Nanofluid (pp. 1-13). Elsevier.

https://doi.org/10.1016/B978-0-12-813245-6.00001-0

McClements, D. J. (2016). Food emulsions: Principles, practices, and techniques (3.
ed). CRC Press.

Nasrabadi, M. N., Eskin, M. N. A., Thiyam-Hollander, U., & Ghosh, S. (2025). On the
stability of acid-soluble pea protein-stabilized beverage emulsions against salt
addition and heat treatment. RSC Advances, 15(23), 18430-18443.

https://doi.org/10.1039/D4RA06899H

National Center for Biotechnology Information (2026). PubChem Compound Summary
for CID 156620228, Chlorophyll. Retrieved March 27, 2026 from

https://pubchem.ncbi.nlm.nih.egov/compound/Chlorophyll.

Ostbring, K., Matos, M., Marefati, A., Ahlstrom, C., & Gutiérrez, G. (2021). The Effect
of pH and Storage Temperature on the Stability of Emulsions Stabilized by

Rapeseed Proteins. Foods, 10(7), 1657. https://doi.org/10.3390/foods10071657

Pereira, R. C., Bourbon, A. I., Azevedo, A. G., Figueira, D., Castelo-Branco, D., Rocha,

C., Lima, R. C., Cunha, L. M., Pastrana, L. M., & Cerqueira, M. A. (2024).

81


https://doi.org/10.1016/j.jia.2025.10.023
https://doi.org/10.1016/j.focha.2023.100397
https://doi.org/10.1016/B978-0-12-813245-6.00001-0
https://doi.org/10.1039/D4RA06899H
https://pubchem.ncbi.nlm.nih.gov/compound/Chlorophyll
https://doi.org/10.3390/foods10071657

OIL-IN-WATER EMULSION PRODUCTION USING Azolla microphylla PROTEIN AS NATURAL
EMULSIFIER: EMULSIFIER
CONCENTRATION EVALUATION

Muhammad Rizal Maulana, Dr. Qurrotul A'yun, S.T.P, M.Sc.; Prof. Dr. Ir. Chusnul Hidayat
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Mayonnaise produced by ultrasound-assisted emulsification using plant-based and
“clean label” ingredients. Food Bioscience, 61, 104847.

https://doi.org/10.1016/1.fb10.2024.104847

Qoms, M. S., Arulrajah, B., Shamsudin, R., Ibadullah, W. Z. W., & Saari, N. (2022).
Valorization of green biomass Azolla pinnata fern: Multi-parameter evaluation of
processing conditions on protein extractability and their influence on the
physicochemical, structural, techno-functional properties and protein quality.
Journal of the Science of Food and Agriculture, 102(15), 6974—6983.

https://doi.org/10.1002/jsfa.12059

Ranum, P., Pena-Rosas, J. P., & Garcia-Casal, M. N. (2014). Global maize production,
utilization, and consumption. Annals of the New York Academy of Sciences,

1312(1), 105-112. https://doi.org/10.1111/nyas.12396

Ren, Z., Li, X., Ma, F., Zhang, Y., Hu, W., Khan, M. Z. H., & Liu, X. (2022). Oil-in-
water emulsions prepared using high-pressure homogenisation with Dioscorea

opposita mucilage and food-grade polysaccharides: Guar gum, xanthan gum, and

pectin. LWT, 162, 113468. https://doi.org/10.1016/].1wt.2022.113468

Roy, Dulal & Pakhira, M.C. & Roy, Manoranjan. (2016). Estimation of Amino Acids,
Minerals and Other Chemical Compositions of Azolla. Advances in Life Sciences.
5.2692-2696.

Schacterle, G. R., & Pollack, R. L. (1973). A simplified method for the quantitative assay
of small amounts of protein in biologic material. Analytical Biochemistry, 51(2),

654—655. https://doi.org/10.1016/0003-2697(73)90523-X

82


https://doi.org/10.1016/j.fbio.2024.104847
https://doi.org/10.1002/jsfa.12059
https://doi.org/10.1111/nyas.12396
https://doi.org/10.1016/j.lwt.2022.113468
https://doi.org/10.1016/0003-2697(73)90523-X

OIL-IN-WATER EMULSION PRODUCTION USING Azolla microphylla PROTEIN AS NATURAL
EMULSIFIER: EMULSIFIER
CONCENTRATION EVALUATION

Muhammad Rizal Maulana, Dr. Qurrotul A'yun, S.T.P, M.Sc.; Prof. Dr. Ir. Chusnul Hidayat
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Sood, A., Uniyal, P. L., Prasanna, R., & Ahluwalia, A. S. (2012). Phytoremediation
Potential of Aquatic Macrophyte, Azolla. AMBIO, 41(2), 122-137.

https://doi.org/10.1007/s13280-011-0159-z

Taghilou, S., Peyda, M., & Mehrasbi, M. (2023). A review on the significance of Azolla
for water and wastewater treatment. Desalination and Water Treatment, 293, 138—

149. https://doi.org/10.5004/dwt.2023.29528

Tan, J. X., Tan, C.-C., Dharmawan, J., & Jan Leong, S. S. (2023). Effects of ethanol
washing on off-flavours removal and protein functionalities of pea protein
concentrate. = Food  and  Bioproducts  Processing, 141,  73-80.

https://doi.org/10.1016/1.fbp.2023.07.004

Tang, C.-H. (2020). Globular proteins as soft particles for stabilizing emulsions:
Concepts  and  strategies.  Food  Hydrocolloids, 103, 105664.

https://doi.org/10.1016/j.foodhyd.2020.105664

Tian, H., Zhang, Z., Ning, F., Li, W., Sun, X., Yang, X., & Luo, L. (2023). Effect of
ultrasound pretreatment complex glycation on the structure and functional activity
of  phycocyanin  modified by  mannose. LWT, 188, 115390.

https://doi.org/10.1016/.1wt.2023.115390

Wang, W.-D., Li, C., Chen, C., Fu, X., & Liu, R. H. (2022). Effect of chitosan
oligosaccharide glycosylation on the emulsifying property of lactoferrin.

International  Journal of Biological Macromolecules, 209, 93-106.

https://doi.org/10.1016/j.ijbiomac.2022.03.169

Xia, B., Shen, Y., Zhao, R., Deng, J., & Wang, C. (2024). Interactions with soy lecithin

regulate the emulsification capacity of pea protein: Effects of soy lecithin

83


https://doi.org/10.1007/s13280-011-0159-z
https://doi.org/10.5004/dwt.2023.29528
https://doi.org/10.1016/j.fbp.2023.07.004
https://doi.org/10.1016/j.foodhyd.2020.105664
https://doi.org/10.1016/j.lwt.2023.115390
https://doi.org/10.1016/j.ijbiomac.2022.03.169

OIL-IN-WATER EMULSION PRODUCTION USING Azolla microphylla PROTEIN AS NATURAL
EMULSIFIER: EMULSIFIER
CONCENTRATION EVALUATION

Muhammad Rizal Maulana, Dr. Qurrotul A'yun, S.T.P, M.Sc.; Prof. Dr. Ir. Chusnul Hidayat
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

concentration. Food Hydrocolloids, 155, 110168.

https://doi.org/10.1016/j.foodhyd.2024.110168

Xiao, T.,Ma, X., Hu, H., Xiang, F., Zhang, X., Zheng, Y., Dong, H., Adhikari, B., Wang,
Q., & Shi, A. (2025). Advances in emulsion stability: A review on mechanisms,
role of emulsifiers, and applications in food. Food Chemistry: X, 29, 102792.

https://doi.org/10.1016/j.fochx.2025.102792

Xu, Q., Cheng, C., Li, Q., Zhu, G., Wei, Y., & Liu, K. (2025). Concentration-regulated
fibrillation of peanut protein: Formation, structural characteristics, and emulsifying
properties. Food Hydrocolloids, 167, 111421.

https://doi.org/10.1016/i.foodhyvd.2025.111421

Zhang, A., Cui, Q., Wang, X., & Zhao, X. (2021). Effect of temperature of preheated
soy protein isolate on the structure and properties of soy protein isolate heated—
vitamin D3 complex. Journal of Food  Biochemistry,  45(6).

https://doi.org/10.1111/1fbc.13733

Zhang, J., Cheng, T., Sun, M., Li, Y., Zhang, G., Hu, Z., Wang, D., Guo, Z., & Wang,
Z.(2024). Application of soy protein isolate-naringenin complexes as fat replacers
in low-fat cream: Based on protein conformational changes, aggregation states and
interfacial  adsorption  behavior. International Journal of Biological

Macromolecules, 274, 133315. https://doi.org/10.1016/j.ijbiomac.2024.133315

Zhang, M., Fan, L., Liu, Y., Huang, S., & Li, J. (2022). Effects of proteins on emulsion
stability: The role of proteins at the oil-water interface. Food Chemistry, 397,

133726. https://doi.org/10.1016/j.foodchem.2022.133726

84


https://doi.org/10.1016/j.foodhyd.2024.110168
https://doi.org/10.1016/j.fochx.2025.102792
https://doi.org/10.1016/j.foodhyd.2025.111421
https://doi.org/10.1111/jfbc.13733
https://doi.org/10.1016/j.ijbiomac.2024.133315
https://doi.org/10.1016/j.foodchem.2022.133726

OIL-IN-WATER EMULSION PRODUCTION USING Azolla microphylla PROTEIN AS NATURAL
EMULSIFIER: EMULSIFIER
CONCENTRATION EVALUATION

Muhammad Rizal Maulana, Dr. Qurrotul A'yun, S.T.P, M.Sc.; Prof. Dr. Ir. Chusnul Hidayat
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

Zhang, X., Liu, Z., Ma, X., Zheng, Y., Hu, H., Jiao, B., McClements, D. J., Wang, Q.,
& Shi, A. (2025). Interfacial and foaming properties of plant and microbial proteins:
Comparison of structure-function behavior of different proteins. Food Chemistry,

463, 141431. https://doi.org/10.1016/j.foodchem.2024.141431

Zhang, X., Wang, Q., Liu, Z., Zhi, L., Jiao, B., Hu, H., Ma, X., Agyei, D., & Shi, A.
(2023). Plant protein-based emulsifiers: Mechanisms, techniques for emulsification
enhancement and applications. Food Hydrocolloids, 144, 109008.

https://doi.org/10.1016/j.foodhyd.2023.109008

Zhao, Q., Xie, T., Hong, X., Zhou, Y., Fan, L., Liu, Y., & Li, J. (2022). Modification of
functional properties of perilla protein isolate by high-intensity ultrasonic treatment
and the stability of o/w emulsion. Food Chemistry, 368, 130848.

https://doi.org/10.1016/j.foodchem.2021.130848

Zheng, W., Xu, C., Liu, G., Zhou, Y., & Xiao, Y. (2026). Physicochemical and
functional properties of isolated proteins from shiitake mushroom, Lentinula
edodes. International Journal of Biological Macromolecules, 338, 149648.

https://doi.org/10.1016/j.ijbiomac.2025.149648

85


https://doi.org/10.1016/j.foodchem.2024.141431
https://doi.org/10.1016/j.foodhyd.2023.109008
https://doi.org/10.1016/j.foodchem.2021.130848
https://doi.org/10.1016/j.ijbiomac.2025.149648

	STATEMENT OF ORIGINALITY
	FOREWORD
	TABLE OF CONTENT
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF APPENDICES
	INTISARI
	ABSTRACT
	CHAPTER 1
	INTRODUCTIONS
	1.1 Background
	1.2 Problem Statement
	1.3 Research Objective
	1.4 Research Usefulness

	CHAPTER 2
	LITERATURE REVIEWS
	2.1 Azolla microphylla
	2.2 Emulsion Definition and Principle
	2.3 Food Application of Emulsion
	2.3.1 Cryogenic Foods
	2.3.2 Cream Products
	2.3.3 Salad Dressings, Sauces, and Mayonnaise
	2.3.4 Beverages

	2.4 Emulsion Stability
	2.4.1 Factors Affecting Emulsion Stability
	2.4.1.1 Dispersed Phase
	2.4.1.2 Continuous Phase
	2.4.1.3 Interface Layer
	2.4.1.4 Emulsifier Type and Concentration
	2.4.1.5 Energy Input
	2.4.1.6 Properties of Component Phases
	2.4.1.7 Temperature

	2.4.2 Factors Affecting Protein Emulsifier Efficiency
	2.4.2.1 Protein Structure and Morphology
	2.4.2.2 Protein Concentration
	2.4.2.3 pH
	2.4.2.4 Temperature


	2.5 Emulsifier
	2.6 Emulsion Destabilization
	2.6.1 Flocculation
	2.6.2 Coalescence
	2.6.3 Ostwald Ripening

	2.7 Emulsion Stability Assessments
	2.7.1 ESI and EAI
	2.7.2 Adsorbed Protein
	2.7.3 particle Size and Polydispersity Index (PDI)
	2.7.4 Zeta Potential
	2.7.5 Surface Hydrophobicity
	2.7.6 Rheological Properties

	2.8 Hypothesis

	CHAPTER 3
	RESEARCH METHODS
	3.1 Time and Place of Research
	3.2 Materials and Equipment
	3.2.1 Materials
	3.2.2 Equipment

	3.3 Research Method
	3.3.1 Azolla microphylla Biomass Production
	3.3.2 Protein Extraction
	3.3.3 Determination of Protein Content Using the Simplified Lowry Method
	3.3.4 Protein Content Assesment and Characterization
	3.3.4.1 0.02 N HCl Production and Standardization
	3.3.4.2 Determination of Total Nitrogen with Micro Kjeldahl Method
	3.3.4.3 Product Yield and Protein Recovery
	3.3.4.4 WHC (Water Holding Capacity) and OHC (Oil Holding Capacity)

	3.3.5 Production of Emulsion
	3.3.6 Emulsification Property Analysis
	3.3.6.1 ESI (Emulsion Stability Index) and EAI (Emulsion Activity Index)
	3.3.6.2 Viscosity
	3.3.6.3 Microscopic Observation
	3.3.6.4 Adsorbed Protein (AP)
	3.3.6.5 Particle Size and Zeta Potential

	3.3.7 Statistical Evaluation


	CHAPTER 4
	RESULTS AND DISCUSSIONS
	4.1 Determination of Protein Content
	4.1.1 BSA Standar Curve Preparation
	4.1.2 HCl 0,02 N Standardization
	4.1.3 Protein Content

	4.2 Protein Characteristic Assesments
	4.2.1 Product Yield and Protein Recovery
	4.2.2 OHC and WHC

	4.3 Emulsion Stability Assesments
	4.3.1 Adsorbed Protein
	4.4.2 Emulsion Viscosity
	4.4.3 Microscopic Observation
	4.4.4 Particle Size and Polydispersity Index
	4.4.5 Zeta Potential

	4.5 General Discussion

	CHAPTER 5
	CONCLUSIONS AND SUGGESTIONS
	5.1 Conclusions
	5.1.1 Azolla microphylla Protein Extract Characterization
	5.1.2 Emulsion Evaluations for Determining the Optimal Concentration of Azolla microphylla protein as an Emulsifier in Oil-in-Water Emulsion
	5.1.3 Verification of the Research Hypothesis

	5.2 Suggestions
	5.2.1 Optimization of Protein Extraction
	5.2.2 Improve the Method on Several Assessements
	5.2.3 Evaluate Long-term Stability
	5.2.4 Broader Concentration Variation


	REFERENCES
	APPENDICES

