
 

 

References 

A. Resconi, S. Bellezza Oddon, I. Ferrocino, Z. Loiotine, Caimi, C., Gasco, L., & I. Biasato. (2024). Effects of 

brewery by-products on growth performance, bioconversion efficiency, nutritional profile, and 

microbiota and mycobiota of black soldier fly larvae. Animal, 18(9), 101288–101288. 

https://doi.org/10.1016/j.animal.2024.101288 

Adhikari, R., Rochell, S. J., Kriseldi, R., Silva, M., Greiner, L., Williams, C., Matton, B., Anderson, A., Erf, G. 

F., Park, E., Haydon, K., & Lee, J. (2025). Recent advances in protein and amino acid nutritional 

dynamics in relation to performance, health, welfare, and cost of production. Poultry Science, 

104(3), 104852–104852. https://doi.org/10.1016/j.psj.2025.104852 

Ahanger, I. A., Bashir, S., Parray, Z. A., Alajmi, M. F., Hussain, A., Ahmad, F., Hassan, Md. I., Islam, A., & 

Sharma, A. (2021). Rationalizing the Role of Monosodium Glutamate in the Protein Aggregation 

Through Biophysical Approaches: Potential Impact on Neurodegeneration. Frontiers in 

Neuroscience, 15. https://doi.org/10.3389/fnins.2021.636454 

Aimutis, W. R., & Rohan Shirwaiker. (2024). A perspective on the environmental impact of plant-based 

protein concentrates and isolates. Proceedings of the National Academy of Sciences, 121(50). 

https://doi.org/10.1073/pnas.2319003121 

Alahmari, L. A. (2024). Dietary fiber influence on overall health, with an emphasis on CVD, diabetes, 

obesity, colon cancer, and inflammation. Frontiers in Nutrition, 11. 

https://doi.org/10.3389/fnut.2024.1510564 

Alizadeh-Sani, M., Hamishehkar, H., Khezerlou, A., Azizi-Lalabadi, M., Azadi, Y., Nattagh-Eshtivani, E., 

Fasihi, M., Ghavami, A., Aynehchi, A., & Ehsani, A. (2018). Bioemulsifiers Derived from 

Microorganisms: Applications in the Drug and Food Industry. Advanced Pharmaceutical Bulletin, 

8(2), 191–199. https://doi.org/10.15171/apb.2018.023 

Aly, M. O., Ghobashy, S. M., & Aborhyem, S. M. (2023). Authentication of protein, fat, carbohydrates, and 

total energy in commercialized high protein sports foods with their labeling data. Scientific 

Reports, 13(1), 15359. https://doi.org/10.1038/s41598-023-42084-3 

49 



 

 

Anyiam, P. N., Suphat Phongthai, Passakorn Kingwascharapong, Jaksuma Pongsetkul, Zhang, W., Jung, Y. 

H., & Saroat Rawdkuen. (2025). A comparative review on novel-assisted extraction techniques 

for retrieving protein from some potential plant sources. NFS Journal, 40, 100239–100239. 

https://doi.org/10.1016/j.nfs.2025.100239 

Avramia, I., & Amariei, S. (2021). Spent Brewer’s Yeast as a Source of Insoluble β-Glucans. International 

Journal of Molecular Sciences, 22(2), 825. https://doi.org/10.3390/ijms22020825 

Awad, D., & Brueck, T. (2019). Optimization of protein isolation by proteomic qualification from 

Cutaneotrichosporon oleaginosus. Analytical and Bioanalytical Chemistry, 412(2), 449–462. 

https://doi.org/10.1007/s00216-019-02254-7 

Baek, K.-R., Rani Ramakrishnan, S., Kim, S.-J., & Seo, S.-O. (2024). Yeast cell wall mannan structural 

features, biological activities, and production strategies. Heliyon, 10(6), e27896. 

https://doi.org/10.1016/j.heliyon.2024.e27896 

Bai, F.-Y., Han, D.-Y., Duan, S.-F., & Wang, Q.-M. (2022). The Ecology and Evolution of the Baker’s Yeast 

Saccharomyces cerevisiae. Genes, 13(2), 230. https://doi.org/10.3390/genes13020230 

Balan, I. M., & Trasca, T. I. (2025). Reducing Agricultural Land Use Through Plant-Based Diets: A Case 

Study of Romania. Nutrients, 17(1), 175. https://doi.org/10.3390/nu17010175 

Bhagyeshri Ulhas Mantri, Maliheh Vahidinasab, & Berensmeier, S. (2025). Engineering Strategies for 

Fungal Cell Disruption in Biotechnological Applications. Engineering in Life Sciences, 25(12). 

https://doi.org/10.1002/elsc.70061 

Bipin Rajpurohit, Chen, G., & Li, Y. (2024). Water and Oil Holding Capacity. Methods and Protocols in 

Food Science, 335–344. https://doi.org/10.1007/978-1-0716-4272-6_27 

Blasco, L., Viñas, M., & Villa, T. G. (2016). Proteins influencing foam formation in wine and beer: the role 

of yeast. International Microbiology: The Official Journal of the Spanish Society for Microbiology, 

14(2), 61–71. https://doi.org/10.2436/20.1501.01.136 

50 



 

 

Bryant, R. W., Burns, E. E. R., Feidler-Cree, C., Carlton, D., Flythe, M. D., & Martin, L. J. (2021). Spent Craft 

Brewer’s Yeast Reduces Production of Methane and Ammonia by Bovine Rumen Microbes. 

Frontiers in Animal Science, 2. https://doi.org/10.3389/fanim.2021.720646 

Bzducha-Wróbel, A., Błażejak, S., Kawarska, A., Stasiak-Różańska, L., Gientka, I., & Majewska, E. (2016). 

Evaluation of the Efficiency of Different Disruption Methods on Yeast Cell Wall Preparation for 

β-Glucan Isolation. Molecules, 19(12), 20941–20961. 

https://doi.org/10.3390/molecules191220941 

Cao, X., Liu, H., Yang, M., Mao, K., Wang, X., Chen, Z., Ran, M., & Hao, L. (2024). Evaluation of the 

nutritional quality of yeast protein in comparison to animal and plant proteins using growing rats 

and INFOGEST model. Food Chemistry, 463, 141178. 

https://doi.org/10.1016/j.foodchem.2024.141178 

Chen, B. (2016). Storage Stability: Mechanisms of Degradation. Elsevier EBooks, 181–187. 

https://doi.org/10.1016/b978-0-12-384947-2.00664-4 

Chraniuk, P., & Bzducha-Wróbel, A. (2025). Functional Properties of Yeast Mannoproteins—Current 

Knowledge and Future Perspectives. Fermentation, 11(7), 374. 

https://doi.org/10.3390/fermentation11070374 

Ciccone, M., Khan, M. R., Bernardo, J., Njieukam, J. A., Siroli, L., Gottardi, D., Lanciotti, R., Pietro Rocculi, 

& Patrignani, F. (2024). Release of Biopolymers from Saccharomyces cerevisiae Biomass Through 

Thermal and Non-Thermal Technologies. Microorganisms, 12(12), 2596–2596. 

https://doi.org/10.3390/microorganisms12122596 

Cornet, S. H. V., Snel, S. J. E., Lesschen, J., van der Goot, A. J., & van der Sman, R. G. M. (2021). Enhancing 

the water-holding capacity of model meat analogues through marinade composition. Journal of 

Food Engineering, 290, 110283. https://doi.org/10.1016/j.jfoodeng.2020.110283 

Cortés-Herrera, C., Quirós-Fallas, S., Calderón-Calvo, E., Cordero-Madrigal, R., Jiménez, L., 

Granados-Chinchilla, F., & Artavia, G. (2021). Nitrogen/protein and one-step moisture and ash 

examination in foodstuffs: Validation case analysis using automated combustion and 

51 



 

 

thermogravimetry determination under ISO/IEC 17025 guidelines. Current Research in Food 

Science, 4, 900–909. https://doi.org/10.1016/j.crfs.2021.11.015 

Daszkiewicz, T. (2022). Food Production in the Context of Global Developmental Challenges. Agriculture, 

12(6), 832. https://doi.org/10.3390/agriculture12060832 

Deiuliis, J. A. (2015). MicroRNAs as regulators of metabolic disease: pathophysiologic significance and 

emerging role as biomarkers and therapeutics. International Journal of Obesity, 40(1), 88–101. 

https://doi.org/10.1038/ijo.2015.170 

Dhieb, A., Ghribi, A. M., Sebii, H., Khaled, Z., Karoui, R., Blecker, C., Attia, H., & Besbes, S. (2026). Total 

Substitution of Egg White by Faba Bean Protein Concentrate in Marshmallow Formulation. 

Foods, 15(2), 382. https://doi.org/10.3390/foods15020382s 

Dimopoulos, G., Tsantes, M., & Taoukis, P. (2020). Effect of high pressure homogenization on the 

production of yeast extract via autolysis and beta-glucan recovery. Innovative Food Science & 

Emerging Technologies, 62, 102340. https://doi.org/10.1016/j.ifset.2020.102340 

Elfira Jumrah, Sudding Sudding, Alya Amalia Luqman, Dwiny Zachrina, Rifqiani Khairunnisa, Sri 

Hardiyanti, & Gladinda, V. D. (2024). Utilization of SDS-PAGE (Sodium Dodecyl 

Sulfate-Polyacrylamide Gel) Electrophoresis in Protein Purification. Hayyan Journal, 1(3), 7–12. 

https://doi.org/10.51574/hayyan.v1i3.1619 

Elif Ezgi Özdemir, Ahmet Görgüç, Esra Gençdağ, & Fatih Yılmaz. (2022). Physicochemical, functional and 

emulsifying properties of plant protein powder from industrial sesame processing waste as 

affected by spray and freeze drying. LWT, 154, 112646–112646. 

https://doi.org/10.1016/j.lwt.2021.112646 

Fletcher, A. J., Lozano, R., & McNabb, W. C. (2024). Analysis of global nutrient gaps and their potential to 

be closed through redistribution and increased supply. Frontiers in Nutrition, 11. 

https://doi.org/10.3389/fnut.2024.1396549 

52 



 

 

Ge, Q., Wu, Y., Yuan, N., Jia, Z., Liu, R., Lu, F., Ma, H., & Kang, Z. (2023). Effect of High Pressure 

Homogenization-Modified Soy 11S Globulin on the Gel and Rheological Properties of Pork 

Myofibrillar Protein. Foods, 12(4), 810. https://doi.org/10.3390/foods12040810 

Goksen, G., Karabulut, G., Keklik, M., & Martínez-Sanz, M. (2025). Comprehensive review of the 

digestibility of novel alternative protein sources: Current status and challenges. Food Chemistry, 

489, 145013. https://doi.org/10.1016/j.foodchem.2025.145013 

Gokulakrishnan, M., Kumar, R., Ferosekhan, S., Siddaiah, G. M., Nanda, S., Pillai, B. R., & Swain, S. K. 

(2023). Bio-utilization of brewery waste (Brewer’s spent yeast) in global aquafeed production 

and its efficiency in replacing fishmeal: From a sustainability viewpoint. Aquaculture, 565, 

739161. https://doi.org/10.1016/j.aquaculture.2022.739161 

Gonfa, Y. H., Tessema, F. B., Bachheti, A., Rai, N., Tadesse, M. G., Nasser Singab, A., Chaubey, K. K., & 

Bachheti, R. K. (2023). Anti-inflammatory activity of phytochemicals from medicinal plants and 

their nanoparticles: A review. Current Research in Biotechnology, 6, 100152. 

https://doi.org/10.1016/j.crbiot.2023.100152 

Gorissen, S. H. M., Crombag, J. J. R., Senden, J. M. G., Waterval, W. A. H., Bierau, J., Verdijk, L. B., & van 

Loon, L. J. C. (2018). Protein Content and Amino Acid Composition of Commercially Available 

plant-based Protein Isolates. Amino Acids, 50(12), 1685–1695. 

Gräfenhahn, M., & Beyrer, M. (2026). From isolate to concentrate: Insights into the texturization of pea 

protein systems during high-moisture extrusion. Innovative Food Science & Emerging 

Technologies, 109, 104457. https://doi.org/10.1016/j.ifset.2026.104457 

Hadidi, M., Aghababaei, F., & McClements, D. J. (2023). Enhanced alkaline extraction techniques for 

isolating and modifying plant-based proteins. Food Hydrocolloids, 145, 109132. 

https://doi.org/10.1016/j.foodhyd.2023.109132 

Han, K. N. (2020). Characteristics of Precipitation of Rare Earth Elements with Various Precipitants. 

Minerals, 10(2), 178. https://doi.org/10.3390/min10020178 

53 

https://doi.org/10.1016/j.foodchem.2025.145013


 

 

Herlina, V. T., Lioe, H. N., Kusumaningrum, H. D., & Adawiyah, D. R. (2022). Nutritional composition of 

tauco as Indonesian fermented soybean paste. Journal of Ethnic Foods, 9(1). 

https://doi.org/10.1186/s42779-022-00159-y 

Hewavitharana, G. G., Perera, D. N., Navaratne, S. B., & Wickramasinghe, I. (2020). Extraction methods of 

fat from food samples and preparation of fatty acid methyl esters for gas chromatography: A 

review. Arabian Journal of Chemistry, 13(8), 6865–6875. 

https://doi.org/10.1016/j.arabjc.2020.06.039 

Holman, B. W. B., Bailes, K. L., Meyer, R. G., & Hopkins, D. L. (2019). Effect of modified Soxhlet (Soxtec) 

and Folch extraction method selection on the total lipid determination of aged beef. Journal of 

Food Science and Technology, 56(8), 3957–3961. https://doi.org/10.1007/s13197-019-03878-4 

Hota, S., Shams, R., Dash, K. K., Pawase, P. A., Mukarram, S. A., & Kovács, B. (2025). A comprehensive 

review on the potential role of irradiation technique on techno-functional properties of 

plant-based proteins. Journal of Agriculture and Food Research, 23, 102095. 

https://doi.org/10.1016/j.jafr.2025.102095 

Iida, Y., Tuziuti, T., Yasui, K., Kozuka, T., & Towata, A. (2018). Protein release from yeast cells as an 

evaluation method of physical effects in ultrasonic field. Ultrasonics Sonochemistry, 15(6), 

995–1000. https://doi.org/10.1016/j.ultsonch.2008.02.013 

Jach, M. E., Serefko, A., Ziaja, M., & Kieliszek, M. (2022). Yeast Protein as an Easily Accessible Food 

Source. Metabolites, 12(1), 63. https://doi.org/10.3390/metabo12010063 

Jacob, F. F., Hutzler, M., & Methner, F.-J. (2018). Comparison of various industrially applicable disruption 

methods to produce yeast extract using spent yeast from top-fermenting beer production: 

influence on amino acid and protein content. European Food Research and Technology, 245(1), 

95–109. https://doi.org/10.1007/s00217-018-3143-z 

Jaeger, A., Arendt, E. K., Zannini, E., & Sahin, A. W. (2020). Brewer’s Spent Yeast (BSY), an Underutilized 

Brewing By-Product. Fermentation, 6(4), 123. https://doi.org/10.3390/fermentation6040123 

54 



 

 

Jaeger, A., Nyhan, L., Sahin, A. W., Zannini, E., & Arendt, E. K. (2024). Lactic Acid Fermentation as a 

Valorising Agent for Brewer’s Spent Yeast—Improving the Sensory Quality and Nutritional 

Potential. Fermentation, 10(1), 54–54. https://doi.org/10.3390/fermentation10010054 

Jiao, Z., Feng, Z., Zhao, S., Wang, Y., Feng, M., Chen, Q., Kong, B., & Liu, H. (2025). Synergistic Effects of 

Ultrasound and pH-Shifting on the Solubility and Emulsification Properties of Peanut Protein. 

Foods, 14(5), 853. https://doi.org/10.3390/foods14050853 

Johanan Espinosa‐Ramírez, Alicia, José Antonio Rodríguez, Lorenzo, J. M., & Santos, E. M. (2023). Algae 

as a potential source of protein meat alternatives. Frontiers in Nutrition, 10. 

https://doi.org/10.3389/fnut.2023.1254300 

Jun-ze, J., Okagu, O. D., Abu, & Udenigwe, C. C. (2021). Effects of sonication on the in vitro digestibility 

and structural properties of buckwheat protein isolates. Ultrasonics Sonochemistry, 70, 

105348–105348. https://doi.org/10.1016/j.ultsonch.2020.105348 

Juul, L., Danielsen, M., Nebel, C., Steinhagen, S., Bruhn, A., Jensen, S. K., Undeland, I., & Dalsgaard, T. K. 

(2021). Ulva fenestrata protein – Comparison of three extraction methods with respect to 

protein yield and protein quality. Algal Research, 60, 102496. 

https://doi.org/10.1016/j.algal.2021.102496 

Kalinowska, B., Banach, M., Wiśniowski, Z., Konieczny, L., & Roterman, I. (2017). Is the hydrophobic core 

a universal structural element in proteins? Journal of Molecular Modeling, 23(7), 205. 

https://doi.org/10.1007/s00894-017-3367-z 

Katsimichas, A., Katsouli, M., Spantidos, N., Giannakourou, M. C., & Taoukis, P. (2024). Effect of 

High-Pressure Homogenization on the Functional and Emulsifying Properties of Proteins 

Recovered from Auxenochlorella pyrenoidosa. Applied Sciences, 15(1), 131. 

https://doi.org/10.3390/app15010131 

Kerby, C., & Vriesekoop, F. (2017). An Overview of the Utilisation of Brewery By-Products as Generated 

by British Craft Breweries. Beverages, 3(4), 24. https://doi.org/10.3390/beverages3020024 

55 



 

 

Kieliszek, M. (2025). The phenomenon of anhydrobiosis—structural and functional changes in yeast cells. 

Applied Microbiology and Biotechnology, 109(1). https://doi.org/10.1007/s00253-025-13539-6 

Kielkopf, C. L., Bauer, W., & Urbatsch, I. L. (2020). Bradford Assay for Determining Protein Concentration. 

Cold Spring Harbor Protocols, 2020(4), pdb.prot102269. 

https://doi.org/10.1101/pdb.prot102269 

Langyan, S., Yadava, P., Khan, F. N., Dar, Z. A., Singh, R., & Kumar, A. (2022). Sustaining Protein Nutrition 

Through Plant-Based Foods. Frontiers in Nutrition, 8(772573). 

https://doi.org/10.3389/fnut.2021.772573 

Lee, H. J., Park, B.-R., & Chewaka, L. S. (2024). A Comparative Study of Composition and Soluble 

Polysaccharide Content between Brewer’s Spent Yeast and Cultured Yeast Cells. Foods, 13(10), 

1567. https://doi.org/10.3390/foods13101567 

Lee, S., Kim, E., Jo, M., & Choi, Y. J. (2024). Characterization of yeast protein isolates extracted via 

high‐pressure homogenization and pH shift: A promising protein source enriched with essential 

amino acids and branched‐chain amino acids. Journal of Food Science, 89(2), 900–912. 

https://doi.org/10.1111/1750-3841.16918 

Li, C., Dai, T., Chen, J., Li, X., Li, T., Liu, C., & McClements, D. J. (2021). Protein-polyphenol functional 

ingredients: The foaming properties of lactoferrin are enhanced by forming complexes with 

procyanidin. Food Chemistry, 339, 128145. https://doi.org/10.1016/j.foodchem.2020.128145 

Li, J., & Karboune, S. (2019). Characterization of the composition and the techno-functional properties of 

mannoproteins from Saccharomyces cerevisiae yeast cell walls. Food Chemistry, 297, 124867. 

https://doi.org/10.1016/j.foodchem.2019.05.141 

Li, Q. K., T. Mamie Lih, Clark, D. J., Chen, L., Schnaubelt, M., & Zhang, H. (2025). Sonication-assisted 

protein extraction improves proteomic detection of membrane-bound and DNA-binding proteins 

from tumor tissues. Nature Protocols. https://doi.org/10.1038/s41596-024-01113-9 

Liadakis, G., Kekes, T., Frakolaki, G., Giannou, V., & Tzia, C. (2022). Ingredients for food products. Tomato 

Processing By-Products, 117–148. https://doi.org/10.1016/b978-0-12-822866-1.00007-7 

56 



 

 

Liu, D., Zeng, X.-A., Sun, D.-W., & Han, Z. (2014). Disruption and protein release by ultrasonication of 

yeast cells. Innovative Food Science & Emerging Technologies, 18, 132–137. 

https://doi.org/10.1016/j.ifset.2013.02.006 

Long, R., Huang, Y., Mokhtar Dabbour, Mintah, B. K., Pan, J., Wu, M., Zhang, S., Qin, Z., He, R., & Ma, H. 

(2025). Physical Processing-Assisted pH Shifting for Food Protein Modification: A Comprehensive 

Review. Foods, 14(13), 2360–2360. https://doi.org/10.3390/foods14132360 

Ložnjak Švarc, P., Jensen, M. B., Langwagen, M., Poulsen, A., Trolle, E., & Jakobsen, J. (2022). Nutrient 

content in plant-based protein products intended for food composition databases. Journal of 

Food Composition and Analysis, 106, 104332. https://doi.org/10.1016/j.jfca.2021.104332 

Luo, J., Liang, L., Bi, Y., Liu, X., Qiao, K., Liu, Z., Mao, X., Sun, B., & Zhang, Y. (2025). Synergistic effects of 

mannoprotein and ultrasound on the interfacial properties, flavor, and structure of yeast 

protein. Ultrasonics Sonochemistry, 118, 107372. 

https://doi.org/10.1016/j.ultsonch.2025.107372 

Luqman Bin Safdar, Foulkes, J., Kleiner, F. H., Searle, I., Rahul Bhosale, Fisk, I. D., & Boden, S. A. (2023). 

Challenges facing sustainable protein production: Opportunities for cereals. Plant 

Communications, 4(6), 100716–100716. https://doi.org/10.1016/j.xplc.2023.100716 

Ma, C., Xia, S., Song, J., Hou, Y., Hao, T., Shen, S., Li, K., Xue, C., & Jiang, X. (2023). Yeast protein as a novel 

dietary protein source: Comparison with four common plant proteins in physicochemical 

properties. Current Research in Food Science, 7, 100555–100555. 

https://doi.org/10.1016/j.crfs.2023.100555 

Ma, J., Sun, Y., Meng, D., Zhou, Z., Zhang, Y., & Yang, R. (2023). Yeast proteins: The novel and sustainable 

alternative protein in food applications. Trends in Food Science & Technology, 135, 190–201. 

https://doi.org/10.1016/j.tifs.2023.04.003 

Ma, K. K., Grossmann, L., Nolden, A. A., McClements, D. J., & Kinchla, A. J. (2022). Functional and physical 

properties of commercial pulse proteins compared to soy derived protein. Future Foods, 6, 

100155. https://doi.org/10.1016/j.fufo.2022.100155 

57 



 

 

Ma, Q., Zhou, T., Wang, Z., Zhao, Y., Li, X., Liu, L., Zhang, X., Kouame, K. J. E.-P., & Chen, S. (2024). 

Ultrasound modification on milk fat globule membrane and soy lecithin to improve the 

physicochemical properties, microstructure and stability of mimicking human milk fat emulsions. 

Ultrasonics Sonochemistry, 105, 106873. https://doi.org/10.1016/j.ultsonch.2024.106873 

Mæhre, H. K., Dalheim, L., Edvinsen, G. K., Elvevoll, E. O., & Jensen, I.-J. (2018). Protein 

Determination—Method Matters. Foods, 7(1), 5. https://doi.org/10.3390/foods7010005 

Makriyanni, K.-M., & Yanni, A. E. (2026). From Cell Walls to Food Products: Health Benefits, Functional 

Properties and Future Challenges of Yeast β-Glucans. Nutrients, 18(5), 836. 

https://doi.org/10.3390/nu18050836 

Małecki, J., Muszyński, S., & Sołowiej, B. G. (2021). Proteins in Food Systems—Bionanomaterials, 

Conventional and Unconventional Sources, Functional Properties, and Development 

Opportunities. Polymers, 13(15), 2506. https://doi.org/10.3390/polym13152506 

Manzoor, M. F., Waseem, M., Diana, T., Walayat, N., Abduvalievna, T. Z., Aadil, R. M., Hussain, S., Ahmed, 

Z., Ali, M., Zeng, X.-A., & Aït-Kaddour, A. (2026). Sonication integrated with micronization: 

structural modification to improve the in-vitro digestibility, functional, and antioxidant 

properties of red pepper seed protein isolate. Ultrasonics Sonochemistry, 128, 107816. 

https://doi.org/10.1016/j.ultsonch.2026.107816 

McClements, D. J., Bai, L., & Chung, C. (2017). Recent Advances in the Utilization of Natural Emulsifiers to 

Form and Stabilize Emulsions. Annual Review of Food Science and Technology, 8(1), 205–236. 

https://doi.org/10.1146/annurev-food-030216-030154 

Moll, P., Salminen, H., Griesshaber, E., Schmitt, C., & Weiss, J. (2022). Homogenization improves foaming 

properties of insoluble pea proteins. Journal of Food Science, 87(10), 4622–4635. 

https://doi.org/10.1111/1750-3841.16320 

Mothes, R. (1997). I. M. Rosenberg: Protein Analysis and Purification. Benchtop Techniques. XXI and 434 

pages, numerous figures and tables. Birkhäuser, Boston, Basel, Berlin 1996. Price: 228,-DM 

58 



 

 

(Hardcover); 112,- DM (Softcover). Food / Nahrung, 41(4), 246–247. 

https://doi.org/10.1002/food.19970410420 

Mothes-Luksch, N., Raith, M., Stingl, G., Focke-Tejkl, M., Razzazi-Fazeli, E., Zieglmayer, R., Wöhrl, S., & 

Swoboda, I. (2017). Pru p 3, a marker allergen for lipid transfer protein sensitization also in 

Central Europe. Allergy, 72(9), 1415–1418. https://doi.org/10.1111/all.13151 

Mousazadeh, M., Ilia, E. B., Hassanzadeh, H., Mousavi, M., Askari, G., Kiani, H., & Gharsallaoui, A. (2025). 

Evaluation of the effect of spray and freeze drying techniques and different pH on the functional 

properties of protein isolate from chickpea (Cicer arietinum, var. Azad). Journal of Agriculture 

and Food Research, 19, 101710. https://doi.org/10.1016/j.jafr.2025.101710 

Mukhtar, K., Ying, J., Wang, Y., & Selomulya, C. (2026). Unlocking the Functional Properties of Plant 

Proteins in Designing Food Formulations for Senior Adults. Comprehensive Reviews in Food 

Science and Food Safety, 25(3). https://doi.org/10.1111/1541-4337.70461 

Naghdi, S., Rezaei, M., Tabarsa, M., & Abdollahi, M. (2025). Expanding the pH‐Shift Technique for 

Sequential Extraction of Intact Proteins and Sulfated Polysaccharide From Fish Heads: A Novel 

Biorefinery Approach. Food Science & Nutrition, 13(8). https://doi.org/10.1002/fsn3.70673 

Nikhil Dnyaneshwar Patil, Bains, A., Sridhar, K., Maharshi Bhaswant, Kaur, S., Tripathi, M., Déborah 

Lanterbecq, Chawla, P., & Sharma, M. (2024). Extraction, Modification, Biofunctionality, and 

Food Applications of Chickpea (Cicer arietinum) Protein: An Up-to-Date Review. Foods, 13(9), 

1398–1398. https://doi.org/10.3390/foods13091398 

Padial-Domínguez, M., Espejo-Carpio, F. J., Pérez-Gálvez, R., Guadix, A., & Guadix, E. M. (2020). 

Optimization of the Emulsifying Properties of Food Protein Hydrolysates for the Production of 

Fish Oil-in-Water Emulsions. Foods, 9(5), 636. https://doi.org/10.3390/foods9050636 

Patterson, J., & Mura, C. (2014). Rapid Colorimetric Assays to Qualitatively Distinguish RNA and DNA in 

Biomolecular Samples. Journal of Visualized Experiments : JoVE, 72. 

https://doi.org/10.3791/50225 

59 



 

 

Paweł Ciborowski, & Jerzy Silberring. (2016). Proteomic profiling and analytical chemistry : the 

crossroads. Elsevier. 

Pour Nouroozi, R. (2016). Determination of Protein Concentration Using Bradford Microplate Protein 

Quantification Assay. International Electronic Journal of Medicine, 4(1). 

https://doi.org/10.31661/iejm158 

Qian, S., Lan, T., Zhao, X., Song, T., Cao, Y., Zhang, H., & Liu, J. (2023). Mechanism of ultrasonic combined 

with different fields on protein complex system and its effect on its functional characteristics and 

application: A review. Ultrasonics Sonochemistry, 98, 106532–106532. 

https://doi.org/10.1016/j.ultsonch.2023.106532 

Qiao, Y., Xia, C., Liu, L., Tang, L., Wang, J., Xu, C., Wang, J., Zhang, L., Ye, X., Huang, Y., Mao, D., Liang, Y., 

Zhoukun, L., & Cui, Z. (2022). Structural characterization and emulsifier property of yeast 

mannoprotein enzymatically prepared with a β-1,6-glucanase. LWT, 168, 113898. 

https://doi.org/10.1016/j.lwt.2022.113898 

Rao, M. V., Sengar, A. S., C K, S., & Rawson, A. (2021). Ultrasonication - A green technology extraction 

technique for spices: A review. Trends in Food Science & Technology, 116, 975–991. 

https://doi.org/10.1016/j.tifs.2021.09.006 

Raquel Reis Lima, Stephani, R., Ítalo Tuler Perrone, & Fernandes, A. (2023). Plant-based proteins: A 

review of factors modifying the protein structure and affecting emulsifying properties. Food 

Chemistry Advances, 3, 100397–100397. https://doi.org/10.1016/j.focha.2023.100397 

Raynal, B., Lenormand, P., Baron, B., Hoos, S., & England, P. (2016). Quality assessment and optimization 

of purified protein samples: why and how? Microbial Cell Factories, 13(1). 

https://doi.org/10.1186/s12934-014-0180-6 

Rekowski, A., Langenkämper, G., Dier, M., Wimmer, M. A., Scherf, K. A., & Zörb, C. (2021). Determination 

of soluble wheat protein fractions using the Bradford assay. Cereal Chemistry, 98(5). 

https://doi.org/10.1002/cche.10447 

60 



 

 

Rossio, V., & Paulo, J. A. (2025). Evaluating Protein Extraction Techniques for Elucidating Proteomic 

Changes in Yeast Deletion Strains. Proteomes, 13(3), 28. 

https://doi.org/10.3390/proteomes13030028 

Sahana, G. R., Balasubramanian, B., Sebastian, J. K., Pappuswamy, M., Liu, W.-C., Meyyazhagan, A., 

Kamyab, H., Chelliapan, S., & Joseph, B. V. (2024). A review on ethanol tolerance mechanisms in 

yeast: Current knowledge in biotechnological applications and future directions. Process 

Biochemistry, 138, 1–13. https://doi.org/10.1016/j.procbio.2023.12.024 

Salahi, M., Razavi, S. M. A., & Hasanvand, E. (2021). Physicochemical, rheological and functional 

properties of a novel gum from Eremurus luteus root. Bioactive Carbohydrates and Dietary Fibre, 

100296. https://doi.org/10.1016/j.bcdf.2021.100296 

Schottroff, M., Jaeger, K.-M., Malvis Romero, A., Schneeberger, M., & Liese, A. (2025). From Waste to 

Value: Extraction of Protease Enzymes from Brewer’s Spent Yeast. Foods, 14(3), 503. 

https://doi.org/10.3390/foods14030503 

Sephira Odelia, Umar, L. M., Zhe, G., & Lo, D. (2025). Analysis of physicochemical and sensory properties 

of plant-based protein powder drinks. BIO Web of Conferences, 169, 04009–04009. 

https://doi.org/10.1051/bioconf/202516904009 

Shao, F., Zhang, Y., Wan, X., Duan, Y., Cai, M., Hu, K., & Zhang, H. (2025). Regulation in protein 

hydrophobicity via whey protein-zein self-assembly for improving the techno-functional 

properties of protein. Food Chemistry, 463, 141174. 

https://doi.org/10.1016/j.foodchem.2024.141174 

Shen, L., Li, J., Lishuang Lv, Zhang, L., Bai, R., Zheng, T., & Zhang, Q. (2020). Comparison of functional and 

structural properties of ginkgo seed protein dried by spray and freeze process. Journal of Food 

Science and Technology, 58(1), 175–185. https://doi.org/10.1007/s13197-020-04527-x 

Shevkani, K., Singh, N., Kaur, A., & Rana, J. C. (2015). Structural and functional characterization of kidney 

bean and field pea protein isolates: A comparative study. Food Hydrocolloids, 43, 679–689. 

https://doi.org/10.1016/j.foodhyd.2014.07.024 

61 



 

 

Silva, Vanessa, K., Sabrina, Miranda, R., Santana, Martins, M. A., de, M., Basílio, E., & Sélia, J. (2024). 

Evaluation of Cell Rupture Techniques for the Extraction of Proteins from the Microalgae 

Tetradesmus obliquus. Phycology, 4(1), 87–103. https://doi.org/10.3390/phycology4010005 

Singh, H. (2019). Symposium review: Fat globules in milk and their structural modifications during 

gastrointestinal digestion. Journal of Dairy Science, 102(3), 2749–2759. 

https://doi.org/10.3168/jds.2018-15507 

Singla, M., & Sit, N. (2021). Application of ultrasound in combination with other technologies in food 

processing: A review. Ultrasonics Sonochemistry, 73, 105506. 

https://doi.org/10.1016/j.ultsonch.2021.105506 

Song, Y., Li, Q., Lu, J., Ren, M., Han, Q., Cai, Z., Wang, H., Lin, L., Zheng, B., & Xue, C. (2025). Dietary 

purines and health: Metabolism, impact, and regulation. Trends in Food Science & Technology, 

163, 105191–105191. https://doi.org/10.1016/j.tifs.2025.105191 

Soto-Sierra, L., Stoykova, P., & Nikolov, Z. L. (2018). Extraction and fractionation of microalgae-based 

protein products. Algal Research, 36, 175–192. https://doi.org/10.1016/j.algal.2018.10.023 

Sowmya Narsipur, Kew, B., Ferreira, C., Reem El-Gendy, & Sarkar, A. (2024). Emulsion stabilised by yeast 

proteins and biomass: a mini review. Current Opinion in Food Science, 57, 101167–101167. 

https://doi.org/10.1016/j.cofs.2024.101167 

Sultan, Z., Ashfaq, A., Jahan, K., Qadri, O. S., Younis, K., & Yousuf, O. (2024a). pH shift extraction 

technique for plant proteins: A promising technique for sustainable development. Energy Nexus, 

16, 100329. https://doi.org/10.1016/j.nexus.2024.100329 

Sultan, Z., Ashfaq, A., Jahan, K., Qadri, O. S., Younis, K., & Yousuf, O. (2024b). pH shift extraction 

technique for plant proteins: A promising technique for sustainable development. Energy Nexus, 

16, 100329. https://doi.org/10.1016/j.nexus.2024.100329 

Tang, J., Yao, D., Xia, S., Cheong, L., & Tu, M. (2024). Recent progress in plant-based proteins: From 

extraction and modification methods to applications in the food industry. Food Chemistry X, 23, 

101540–101540. https://doi.org/10.1016/j.fochx.2024.101540 

62 



 

 

Viet Nga, T. T., Hang, D. T., Hoang Oanh, L. T., & Hang, D. T. (2022). Biochemical processes in anaerobic 

treatment of wastewater (pp. 383–405). Elsevier. 

https://doi.org/10.1016/B978-0-323-99874-1.00009-9 

Vo, T.-D.-H., Le, V.-G., Nguyen, Q.-H., Pham, T.-T., Bui, T.-V., Dang, B.-T., Hoang, T.-T.-N., Son, N. T., Lin, K.-Y. 

A., & Bui, X.-T. (2022). Effects of storage conditions, pH and Mg:P ratio on the precipitation 

process for phosphate recovery. Case Studies in Chemical and Environmental Engineering, 5, 

100188. https://doi.org/10.1016/j.cscee.2022.100188 

Wan, M., Wang, M., Zhao, Y., Deng, H., Tan, C., Lin, S., Kong, Y., Tong, Y., & Meng, X. (2021). Extraction of 

mannoprotein from Saccharomyces cerevisiae and analysis of its chemical composition and 

molecular structure. International Journal of Biological Macromolecules, 193(Pt B), 2252–2259. 

https://doi.org/10.1016/j.ijbiomac.2021.11.057 

Wang, C., Wang, J., Zhu, D., Hu, S., Kang, Z., & Ma, H. (2019). Effect of dynamic ultra-high pressure 

homogenization on the structure and functional properties of whey protein. Journal of Food 

Science and Technology, 57(4), 1301–1309. https://doi.org/10.1007/s13197-019-04164-z 

Wang, J.-S., Wang, A.-B., Zang, X.-P., Tan, L., Xu, B.-Y., Chen, H.-H., Jin, Z.-Q., & Ma, W.-H. (2019). 

Physicochemical, functional and emulsion properties of edible protein from avocado (Persea 

americana Mill.) oil processing by-products. Food Chemistry, 288, 146–153. 

https://doi.org/10.1016/j.foodchem.2019.02.098 

Wang, Y., Tuccillo, F., Yang, X., Hashim, M., Xu, Y., Maina, N. H., Coda, R., & Katina, K. (2025). Expanding 

food applications of yeast protein by microbial fermentation: techno-functional, rheological and 

aroma characterization. Food Hydrocolloids, 169, 111582. 

https://doi.org/10.1016/j.foodhyd.2025.111582 

Wang, Z., Xu, X., Liu, Z., Xu, T., Ma, L., & Song, F. (2025). High-pressure homogenization treatment on 

yeast protein: Effect on structure and emulsifying properties. Food Research International, 213, 

116550. https://doi.org/10.1016/j.foodres.2025.116550 

63 



 

 

Xie, Y., Liu, R., Zhang, C., Liu, D., & Han, J. (2022). Structural Characteristics and Emulsifying Properties of 

Soy Protein Isolate Glycated with Galacto-Oligosaccharides under High-Pressure 

Homogenization. Foods, 11(21), 3505–3505. https://doi.org/10.3390/foods11213505 

Yang, D., Shangguan, Y., Rao, L., Zhao, L., & Liao, X. (2025). Surviving bacteria in non-thermally processed 

foods. Trends in Food Science & Technology, 161, 105067. 

https://doi.org/10.1016/j.tifs.2025.105067 

Yang, J., Liu, G., Zeng, H., & Chen, L. (2018). Effects of high pressure homogenization on faba bean 

protein aggregation in relation to solubility and interfacial properties. Food Hydrocolloids, 83, 

275–286. https://doi.org/10.1016/j.foodhyd.2018.05.020 

Yu, C., Wu, F., Cha, Y., Qin, Y., & Du, M. (2018). Effects of High-Pressure Homogenization at Different 

Pressures on Structure and Functional Properties of Oyster Protein Isolates. International Journal 

of Food Engineering, 14(4). https://doi.org/10.1515/ijfe-2018-0009 

Zhang, R., Wei, Y., Zou, B., Zheng, X., Ren, C., Xiaokang Na, Xu, X., Du, M., Zhu, B., & Wu, C. (2024). Soy 

protein particles as stabilizers of heat-stable O/W emulsions with 20% protein content. Food 

Chemistry, 457, 140157–140157. https://doi.org/10.1016/j.foodchem.2024.140157 

Zhang, S., Liu, Y., & Wu, W. (2024). Study on the Structural Characteristics and Foaming Properties of 

Ovalbumin—Citrus Pectin Conjugates Prepared by the Maillard Reaction. Foods, 13(22), 3542. 

https://doi.org/10.3390/foods13223542 

Zhao, F., Wang, Z., & Huang, H. (2024). Physical Cell Disruption Technologies for Intracellular Compound 

Extraction from Microorganisms. Processes, 12(10), 2059–2059. 

https://doi.org/10.3390/pr12102059 

Zupanc, M., Pandur, Ž., Stepišnik Perdih, T., Stopar, D., Petkovšek, M., & Dular, M. (2019). Effects of 

cavitation on different microorganisms: The current understanding of the mechanisms taking 

place behind the phenomenon. A review and proposals for further research. Ultrasonics 

Sonochemistry, 57, 147–165. https://doi.org/10.1016/j.ultsonch.2019.05.009 

64 



 

 

Zybailov, B. L., Byrd, A. K., Glazko, G. V., Rahmatallah, Y., & Raney, K. D. (2016). Protein-protein 

interaction analysis for functional characterization of helicases. Methods, 108, 56–64. 

https://doi.org/10.1016/j.ymeth.2016.04.014 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

65 

https://doi.org/10.1016/j.ymeth.2016.04.014

	Statement of Originality 
	Abstract 
	Acknowledgements 
	Table of Contents 
	 
	 
	 
	 
	List of Figures 
	List of Table 
	List of Abbreviations 
	Chapter 1 ​Introduction 
	1.1​  Background 
	1.2​Objective 
	1.3​Hypothesis 

	Chapter 2 ​Literature Review 
	2.1.  Brewer’s Spent Yeast  
	2.2. Saccharomyces sp. 
	Figure 1. Cell wall structure of Saccharomyces sp.  based on Chraniuk and Bzducha-Wróbel (2025) 

	2.3. Homogenization  
	2.4. Sonication  
	2.5. Alkaline Solubilization  
	2.6. Acid Precipitation  
	2.7. Protein Characterization 
	2.8. Proximate Analysis  
	2.9. Protein Functional Properties 

	Chapter 3 ​Methods 
	3.1​Study Design  
	3.2​ Brewer’s spent yeast collection 
	3.3​Brewer’s Spent Yeast pretreatment  
	 
	Figure 2. The overall research methodology used in this study, beginning with the collection of brewer's spent yeast (BSY) and ending with statistical analysis of the obtained results. The control treatment served as a reference to assess the effectiveness of the applied pre-treatment techniques. 
	3.3.1​High Pressure Homogenizer Pretreatment  ​ 
	3.3.2​Sonication Pretreatment  
	3.3.3​Combination Between HPH and Sonication Pretreatment  

	3.4​   Protein Concentrate Extraction 
	3.5​ Protein Concentrate Yield Quantification  
	3.6​Proximate Analysis  
	3.6.1​Protein analysis  
	3.6.2​Crude Fat analysis  
	3.6.3​Moisture content  analysis  
	3.6.4​Ash content  analysis 

	3.7​ Protein Molecular Size Analysis 
	3.8​Functional Properties Analysis 
	3.8.1​Water-Holding Capacity (WHC)  
	3.8.2​Oil Binding capacity (OBC) analysis 
	3.8.3​Emulsifying property analysis  
	3.8.4​Foaming property analysis  
	3.8.5​Solubility Analysis  

	3.9​Statistical Analysis  

	Chapter 4 ​Result 
	4.1​ Effect of Different Pretreatments Towards the Yield of Protein Concentrates  
	4.1.1​Protein Extract Yield from BSY Under Different Pretreatments 
	Figure 3. Percentage of protein extracts yield (%) from BSY that underwent various pretreatments that consists of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control. Superscripts  “a” , “b”, “c”, and “d”  signify the significant differences of protein extracts yield percentage of pretreated BSY (p≤0.05). 

	4.1.2​Dry yield of protein concentrate from BSY Under different Pretreatments  
	Figure 4. Yield of protein concentrate (%)  after drying from BSY that underwent various pretreatments that consists of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control. Superscripts “a” , “b”, and  “c” signify the significant differences of protein concentrate  yield percentage of pretreated BSY (p≤0.05). 


	4.2​Proximate Composition of Yeast Protein Concentrates Obtained from BSY through Various Pretreatments 
	Table 1. Proximate composition of yeast protein concentrate (YPC)  extracted from BSY that underwent varied pretreatments. 

	4.3​ Protein Molecular Size of Extracted Yeast Protein Concentrate from BSY through Various Pretreatments 
	 Figure 5. Protein size (kDa) of  Protein Ladder (GangNam-STAIN™) and YPC  that were extracted  from BSY that underwent varied pretreatments that consist of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control.   

	 
	4.4​Functional Characteristics of Extracted Yeast Protein Concentrate from BSY through Various Pretreatments 
	4.4.1​ Water-holding Capacity 
	Figure 6. YPC water-holding capacity (g/g)  that were extracted  from BSY that underwent varied pretreatments that consist of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control. Superscripts “a” and  “b” signify the significant differences between each protein concentrate water-holding capacity (p≤0.05). 

	4.4.2​Oil Binding Capacity 
	Figure 7. Oil binding capacity (ml/g) of YPC  that were extracted  from BSY that underwent varied pretreatments that consists of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control. Superscripts “a” and  “b” signify the significant differences between each protein oil binding capacity (p≤0.05). 

	4.4.3​Emulsion Properties 
	4.4.3.1​Emulsion Activity 
	Figure 8. Emulsion activity (EA) (%)  of YPC  that were extracted  from BSY that underwent varied pretreatments that consists of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control. Superscript “ns”  signifies there are no significant differences between each protein emulsion activity (p≤0.05). 
	4.4.3.2​Emulsion Stability  
	 
	Figure 9. Emulsion stability index (ESI) (%)  of YPC  that were extracted  from BSY that underwent varied pretreatments that consists of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control. Superscripts “a”, “b”, “ab”, and “c” signify the significant differences between each protein concentrate emulsion stability(p≤0.05). 

	4.4.4​Foaming Properties 
	4.4.4.1​Foaming Capacity 
	Figure 10. Foaming capacity (FC) (%)  of YPC  that were extracted  from BSY that underwent varied pretreatments that consists of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control. Superscripts “a”, “b”, and “c” signify the significant differences between each protein concentrate foaming capacity  (p≤0.05). 
	4.4.4.2​Foaming Stability 
	Figure 11. Foam stability (FS) (%)  of YPC  that were extracted  from BSY that underwent varied pretreatments that consists of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control. Superscripts “a”, “b”, and “c” signify the significant differences between each protein concentrate foaming stability  (p≤0.05). 

	4.4.5​Solubility 
	 
	Figure 12. Solubility  (%)  of YPC  that were extracted  from BSY that underwent varied pretreatments that consisted of homogenization (HPH), sonication (SNC), and a combination of homogenization and sonication (HPH + SNC), with untreated BSY set as control. Superscripts “a” and “b” signify the significant differences between each protein concentrate solubility  (p≤0.05). 



	 
	Chapter 5​Discussion 
	5.1.​The effect of Varying Pretreatments on the Yield of Protein Extracts and YPC 
	5.2.​Proximate Composition of YPC Samples  
	5.3.​Molecular Size of Proteins of YPC Samples Extracted from Different Pretreatments  
	5.4.​Functional Properties of YPC samples  
	5.5.​Constraints and limitations of study 

	 
	Chapter 6​Conclusion and Recommendation 
	References 
	Appendix 

