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Abstract: In recent years, sunflower seed protein (SSP) and its hydrolysates have garnered significant attention in food science 
and nutrition research due to their plant origin, rich nutritional ingredients and potential health benefits. SSP is not only rich in a 
variety of essential amino acids, especially lysine, but also has the advantage of sustainable development as a hypoallergenic and 
environmentally friendly protein source. Hydrolysates derived from SSP, produced via enzymatic or acid-base hydrolysis, yield 
bioactive peptides with enhanced bioavailability and physiological functionalities in the human body. In addition, the application 
of SSP and its hydrolysate in the food industry cannot be ignored. It exhibits exceptional emulsifying and gelling properties, 
making it a preferred material for multifunctional food additives. This review aims to systematically summarize and analyze the 
nutritional value, functional characteristics and potential health-promoting effects of SSP and its hydrolysates, providing a 
scientific foundation for its subsequent development and utilization. 
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1. Introduction 
Protein is the basic component for the construction of 

human tissues and is composed of amino acids in sequence, 
forming the foundation of life. [1]. A protein usually contains 
20 different amino acids (AAs), which are linked to each other 
by peptide bonds to form the diversity of proteins. These 
amino acids (AAs) are indispensable components of 
organisms, providing organisms with nitrogen, hydrocarbon 
skeletons, and sulfur, and these elements cannot be replaced 
by other nutrients [2]. During digestion, dietary proteins are 
broken down into absorbable units (e.g., free AAs, dipeptides), 
which are critical for synthesizing proteins, enzymes, and 
low-molecular-weight compounds such as glutathione, nitric 
oxide, and neurotransmitters, which play a key role in 
maintaining physiological functions [1, 2]. Consequently, 
adequate intake of high-quality protein is vital for maintaining 
physiological functions across all age groups [2, 3]. 

The global protein market, valued at $38 billion in 2019, is 
projected to grow at a compound annual growth rate (CAGR) 
of 9.1% through 2027 [6]. This surge is driven by increasing 
consumer awareness of protein’s health benefits and the 
environmental challenges associated with animal-derived 
protein production [4]. As the global population is expected 
to reach approximately 9.7 billion in 2050, the demand to 
produce protein-rich foods will further increase [8]. However, 
the increase in food protein production, especially high-
quality animal protein, may pose a challenge to 
environmental sustainability [4]. Although animal protein is 
superior to plant protein in terms of digestibility, net 
utilization, biological value and protein digestibility-
corrected amino acid score (PDCAAS) [5], the negative 
impact of animal agriculture on the environment cannot be 
ignored, including deforestation, greenhouse gas emissions, 
water consumption, land use and biodiversity loss [7]. It takes 
6 kg of plant protein to produce 1 kg of high-quality animal 

protein [4]. Additional drivers include ethical concerns, 
allergenicity (e.g., soy, dairy), and the rising prevalence of 
vegan and vegetarian diets [4,5]. Therefore, there is growing 
interest in developing sustainable plant-based alternatives to 
replace animal-derived food sources in the human diet [7].  

Sunflower seeds (Helianthus annuus L.) are an annual plant 
belonging to the Asteraceae family, native to North America 
or Peru, and introduced to Europe by the Spanish in the 16th 
century [9]. As an oilseed crop, sunflower seeds are 
considered one of the top five annual oilseed crops in the 
world, along with soybeans, rapeseed, cottonseed and peanuts 
[10]. Its by-product, sunflower seed cake/meal, is rich in 
protein and has become a potential sustainable source of plant 
protein [9]. Global sunflower seed meal production is 
estimated to be 21 million tons, and its chemical composition 
varies depending on the degree of shelling and oil extraction 
method [7]. In sunflower seed meal, the protein content of 
mechanically extracted sunflower seeds is about 40%, the 
protein content of oil extracted using organic solvents is about 
50%, and the protein content of defatted meal prepared from 
hulled seeds can reach 53% to 66% [10]. In addition, the 
hydrolysates of sunflower seed protein, due to the production 
of its bioactive peptides, show higher bioavailability and 
absorption efficiency, and has significant effects on health 
functions. Although research on SSP and its hydrolysates has 
increased in recent years, their potential has not been fully 
realized due to the lack of detailed information on their 
nutritional and health benefits. This review aims to 
systematically summarize and analyze the nutritional value, 
functional properties, and potential effects on human health 
of SSP and its hydrolysates, in order to promote their wider 
use. 

2. Basic Characteristics and 
Nutritional Value of SSP 

The proteins in sunflower seeds are mainly divided into 
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two categories: globulins and albumins, which account for 46% 
to 80% and 19% to 35% of the total protein in sunflower seeds, 
respectively. Globulins (Sunflower globulins - helianthinin) 
are high molecular weight storage proteins with a molecular 
weight between 300 and 350 kDa; while albumins (Sunflower 
albumins - SFAs) are the second largest protein storage 
component.  

According to Table 1, sunflower protein contains all 
essential amino acids, but is relatively low in lysine (2.9 
g/100g protein vs. FAO’s 5.5 g/100g standard), likely due to 
the predominance of lysine-deficient globulins [13]. Except 
for lysine, the amino acid composition of SSP meets the 
standards of the World Health Organization/FAO/UN and 
shows the characteristics of being rich in sulfur-containing 
amino acids (methionine and cysteine) [14]. These sulfur-
containing amino acids are often limiting factors in other 
plant protein sources, such as legumes. In addition to the 
amino acid composition, the nutritional value of a protein also 
depends on its digestibility, meaning the ability of the protein 
to be hydrolyzed by proteases and the amino acids to be 
absorbed in the gastrointestinal tract. Studies have shown that 
the protein digestibility of hexane-defatted sunflower meal or 
whole dehulled seeds can reach 89.7% to 91.5% after 8 hours 
of pepsin treatment and 16 hours of trypsin treatment. The 
digestibility of sunflower seed protein isolate, calculated as 
the ratio of soluble nitrogen to initial nitrogen in the sample, 
is much higher than that of initial sunflower meal (83.13%), 
ranging from 90.66% to 95.32%. The digestibility SSP is 
affected by its purity, with higher purity resulting in higher 
digestibility. The effects of other compounds in sunflower 
seed need to be considered [13]. Sunflower seeds contain 
relatively high levels of phenolic compounds, especially 
chlorogenic acid (CGA), whose cross-linking with protein 
may lead to darkening of the color of the final protein product, 
altered functional properties, and decreased bioavailability. 
This interaction may reduce the solubility of protein, thus 
affecting its application in the food industry [10]. 
Nevertheless, compared with other plant protein sources, the 
content of anti-nutritional factors in sunflower seeds is low 
[12]. Salgado, Drago et al. found that sunflower seed protein 
concentrate still showed a high digestibility even in the 
presence of anti-nutritional factors such as phenolic 
compounds [15]. In addition, by adopting appropriate 
processing technology or a combination of technologies, the 
adverse effects of these factors on plant protein sources can 
be reduced or eliminated, thereby improving their nutritional 
value [11].  

 
Table 1. Essential amino acid content (g/100g of protein) [16] 

Amino acid 
content 

FAO standard
Sunflower protein 

isolates

Lysine 5.5 2.9 

Threonine 4.0 3.7 

Methionine 3.5 2.0 

Valine 5.0 4.5 

Isoleucine 4.0 3.8 

Leucine 7.5 6.9 

Phenylalanine 3.0 5.6 

 
It is worth mentioning that chlorogenic acid (mainly 5-0-

caffeoylquinic acid) itself has a variety of biological activities, 
including antioxidant, anti-inflammatory, antibacterial and 

antiviral effects. Population epidemiological surveys and 
intervention studies as well as animal experiments have 
shown that chlorogenic acid plays an important role in 
regulating glucose and lipid metabolism, improving insulin 
resistance, reducing the risk of type 2 diabetes and 
cardiovascular disease, and protecting organs such as nerves, 
liver, lungs, eyes and joints from oxidative and inflammatory 
damage [17]. Therefore, chlorogenic acid can be used as a 
functional ingredient to significantly improve the overall 
utilization value of sunflower protein by-products. 

3. Generation and Properties of 
Hydrolyzate/Peptides of SSP 

The hydrolysis of Sunflower Seed Protein (SSP) entails the 
conversion of high molecular weight proteins present in 
sunflower seeds into low molecular weight peptide chains and 
amino acids. This process is primarily achieved through 
enzyme catalysis or acid-base treatment, with the core 
objective of breaking the peptide bonds within protein 
molecules to release peptides and amino acids. Commonly 
utilized enzymes include animal-derived trypsin, plant-
derived papain, and a variety of microbial proteases [20]. The 
application of hydrolysis technology aims to improve the 
digestibility of protein, improve its flavor characteristics, and 
enhance its functionality. The solubility of SSP in acidic (pH 
2.0) and alkaline (pH 9.0) conditions is significantly higher 
than that in neutral conditions (pH 5.0-7.0). By rationally 
selecting enzymatic conditions, the solubility and 
functionality of SSP can be more effectively improved. 
Sophie Beaubier, Sara Albe-Slabi, and their colleagues 
found that enzymatic hydrolysates exhibited remarkable 
performance in terms of emulsification ability and 
emulsification stability. Notably, the hydrolysate treated 
with Prolyve enzyme had an emulsification ability of 
approximately 60%, which was significantly higher than 
that of untreated sunflower seed protein. In addition, 
sunflower seed protein hydrolysate also demonstrated 
excellent foaming ability and stability [19]. Protein 
hydrolysis can also markedly improve the nutritional value 
of sunflower seed powder [21]. The peptides produced by 
the hydrolysis process are smaller and have better nutritional 
properties. In vitro proteolysis is a pre-digestion process of 
protein, which can promote protein absorption. There is 
evidence that some short peptides are absorbed faster in the 
digestive tract than free amino acids [18]. In summary, 
sunflower seed protein hydrolysate/peptide produced by 
hydrolysis technology has higher solubility, better 
emulsification, foaming and stability, while improving its 
nutritional properties and bioavailability. 

4. Potential Health Benefits of 
Sunflower Seed Protein and Its 
Hydrolysates 

4.1. Antioxidant Effect 
The antioxidant potential of sunflower seed protein 

hydrolysates has been supported by extensive scientific 
research. Studies have shown that the bioactive peptides 
produced by sunflower seed protein hydrolysis can activate 
the Keap1/Nrf2 signaling pathway, enhance the activity of 
antioxidant enzymes, effectively reduce oxidative stress, and 
protect cells from free radical damage [22]. In addition, 
sunflower seed protein hydrolysates showed significant 
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antioxidant activity under a variety of enzymatic hydrolysis 
conditions. For example, the peptide fragment obtained by 
trypsin hydrolysis for 60 minutes had the highest antioxidant 
activity, which could significantly scavenge free radicals and 
delay the aging process [19]. Further studies have also found 
that sunflower seed protein hydrolysates can effectively 
scavenge 1,1-diphenyl-2-trinitrophenylhydrazine free 
radicals (DPPH), hydroxyl free radicals, superoxide anion 
free radicals, etc. These properties make it a potential source 
of natural antioxidants [23]. 

4.2. Anti-inflammatory Effect 
SSP and its hydrolysates exhibit significant anti-

inflammatory effects through multiple mechanisms. First, by 
activating the Keap1/Nrf2 signaling pathway, antioxidant 
defense is enhanced, thereby reducing the inflammatory 
response caused by oxidative stress [24]. Secondly, the 
sunflower seed protein-derived peptides produced by 
hydrolysis can inhibit the activation of the NFκB signaling 
pathway, which is a key regulator in the inflammatory 
response. In addition, these hydrolysates can also enhance the 
differentiation of dendritic cells, regulate immune responses, 
and thus alleviate health problems caused by chronic 
inflammation. Dendritic cells are important immune cells that 
can activate adaptive immune responses. [21]. These studies 
provide important support for the application of SSP in the 
development of functional foods, especially in improving 
health and preventing chronic inflammatory-related diseases. 

4.3. Antidepressant Effect 
SSP also shows potential application value in the 

prevention and treatment of depression. SSP is rich in 
aromatic amino acids such as tryptophan, phenylalanine and 
tyrosine, which are closely related to the synthesis of 
neurotransmitters. Studies have shown that sunflower seed 
protein can improve the symptoms of depression induced by 
chronic unpredictable mild stress (CUMS) and increase the 
levels of monoamine neurotransmitters (such as 5-
hydroxytryptamine, dopamine, and norepinephrine) in the 
brain. At the same time, sunflower seed protein also has an 
antioxidant effect, which can increase the activity of 
antioxidant enzymes (such as superoxide dismutase, 
glutathione peroxidase, and catalase) in depressed mice and 
reduce oxidative stress damage [25]. These results provide 
theoretical support for the potential application of SSP in 
antidepression. 

4.4. Antibacterial Effect 
Sunflower seed protein hydrolysates also show significant 

antibacterial effects. Studies have found that sunflower seed 
protein hydrolysates under different enzymatic conditions can 
inhibit a variety of foodborne pathogens, especially the 
products hydrolyzed using a mixture of Alcalase and 
Flavourzyme enzymes, which show strong antibacterial 
activity [20]. These hydrolysates are not only rich in essential 
amino acids, but also have antibacterial effects. They can be 
used as natural antibacterial agents and are widely used in the 
field of food safety. 

5. Application of SSP and its 
Hydrolysate 

SSP and its hydrolysate have shown wide application 
potential in the food industry due to their rich nutritional value 

and unique functionality. The following are some possible 
application directions of sunflower protein and its hydrolysate 
in food: 

5.1. Development of Plant-Based Snacks and 
High-Protein Foods 

Studies have shown that sunflower seed protein isolates 
and concentrates can significantly increase the crude protein 
content of energy bars while maintaining low allergy and high 
digestibility. Through response surface methodology 
optimization, the study determined the ratio of adding 9% 
sunflower seed protein concentrate and 6% sunflower protein 
isolate to energy bars. This ratio can significantly increase the 
protein content without affecting the sensory properties, 
providing a scientific basis for the development of high-
protein, low-allergy plant-based healthy snacks [26]. 

5.2. Potential in Baked Goods 
The application of SSP and its hydrolysate in baked 

products is gradually gaining attention. They can not only 
serve as a substitute for wheat flour, but also significantly 
improve the nutritional value of bread and other baked goods. 
Specifically, the addition of sunflower seed protein isolate 
(SMPI) to bread can increase the protein and amino acid 
content of bread and improve the amino acid composition, but 
it is necessary to balance the nutritional enhancement and 
sensory quality to avoid excessive addition affecting the 
sensory properties of bread [27]. The addition of defatted 
sunflower seed flour (DSSF) can increase the protein and ash 
content of muffins while reducing the carbohydrate content, 
but it may change the structure and sensory properties of 
muffins. Therefore, it is necessary to further optimize the 
addition level and formulation of DSSF to improve its 
application in baked products and consumer acceptance [28]. 
In addition, as an ingredient of gluten-free bread, sunflower 
seed cake can not only improve the nutritional value of bread, 
especially in terms of protein, fat, crude fiber, polyphenols 
and soluble sugars, but also improve the texture 
characteristics of bread and enhance its market appeal [29]. In 
summary, SSP and its hydrolysates have broad application 
prospects in baked products and can provide consumers with 
healthier and more nutritious baking options. 

5.3. Functional Food Ingredient 
As a plant protein rich in essential amino acids, SSP shows 

great potential for application in the production of healthy 
foods and nutritional supplements. SSP and its hydrolysates 
are rich in peptides with antioxidant and other bioactive 
properties, further enhancing their value as functional food 
ingredients. These properties make them promising for 
application in the food industry, especially in the development 
of foods with health benefits [30]. 

5.4. As a Nitrogen Source for Industrial 
Applications 

SSP and its enzymatic hydrolysates have been found to be 
able to serve as a nitrogen source and play a role in the 
biosynthesis of vitamins B2 and B12. By replacing traditional 
meat peptones, SSP and its hydrolysates provide a low-cost 
and renewable nitrogen source for the fermentation process of 
Bacillus Pasteurii. This does not only help to reduce the 
production cost of vitamins B2 and B12, but also improves 
the sustainability of the process. The bioavailability of 
sunflower seed protein was improved after enzymatic 
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hydrolysis, which significantly accelerated the growth of 
bacteria, demonstrating its potential for industrial 
applications [31]. 

5.5. Potential for Prevention of Cardiovascular 
Diseases 

The application of angiotensin I converting enzyme 
inhibitory peptides (ACEI peptides) extracted from sunflower 
seed protein hydrolysates after liposome encapsulation 
provides new ideas for the treatment of cardiovascular 
diseases and the development of functional foods. Studies 
have shown that by optimizing the preparation conditions of 
liposomes, the encapsulation efficiency of ACEI peptides can 
be significantly improved and their sustained release in vivo 
can be ensured, thereby enhancing their efficacy in 
cardiovascular health [32]. 

In summary, SSP and its hydrolysates are widely used in 
the food industry, covering a wide range of fields from healthy 
snacks, baked goods to functional foods and nutritional 
supplements. These studies provide solid theoretical support 
for the use of SSP in improving the nutritional value of food, 
improving health, and promoting sustainable development. 

6. Summary 
As a high-quality plant protein source, SSP and its 

hydrolysate have shown extensive research and application 
value in the fields of food science and nutrition. These 
products are not only rich in essential amino acids, especially 
lysine, but also hypoallergenic and environmentally friendly, 
which is in line with the current trend of sustainable 
development. Through enzymatic hydrolysis or acid 
hydrolysis, SSP can be converted into bioactive peptides, 
which have higher bioavailability and absorption efficiency, 
and show significant physiological functions in anti-oxidation, 
anti-inflammatory, anti-depressant, and antibacterial aspects. 

Future research should focus on further exploring the 
health effects of SSP and its hydrolysate, optimizing the 
extraction and hydrolysis process to improve the yield and 
quality of bioactive peptides, and developing new application 
areas to further explore the health benefits and industrial 
potential of SSP. At the same time, research should focus on 
how to reduce or eliminate the negative effects of anti-
nutritional factors through processing technology, so as to 
enhance the nutritional value and market competitiveness of 
SSP. In view of the growing global demand for plant protein, 
the research and application of SSP and its hydrolysate are 
expected to play a greater role in many fields such as 
nutritional supplements, functional food development and 
food industry. 

References 
[1] Hruby A, Jacques PF. Protein Intake and Human Health: 

Implications of Units of Protein Intake. Adv Nutr. 2021 Feb 
1;12(1):71-88. doi: 10.1093/advances/nmaa097. PMID: 3287 
9937; PMCID: PMC7850043. 

[2] Wu G. Dietary protein intake and human health. Food Funct. 
2016 Mar;7(3):1251-65. doi: 10.1039/c5fo01530h. PMID: 
26797090. 

[3] Arentson-Lantz E, Clairmont S, Paddon-Jones D, Tremblay A, 
Elango R. Protein: A nutrient in focus. Appl Physiol Nutr 
Metab. 2015 Aug;40(8):755-61. doi: 10.1139/apnm-2014-
0530. Epub 2015 Jul 22. PMID: 26197807. 

[4] Hertzler SR, Lieblein-Boff JC, Weiler M, Allgeier C. Plant 
Proteins: Assessing Their Nutritional Quality and Effects on 
Health and Physical Function. Nutrients. 2020 Nov 30;12 (12): 
3704. doi: 10.3390/nu12123704. PMID: 33266120; PMCID: 
PMC7760812. 

[5] B Pam Ismail, Lasika Senaratne-Lenagala, Alicia Stube, Ann 
Brackenridge, Protein demand: review of plant and animal 
proteins used in alternative protein product development and 
production, Animal Frontiers, Volume 10, Issue 4, October 
2020, Pages 53–63, https://doi.org/10.1093/af/vfaa040 

[6] Grandview Research. Protein ingredients market size, share 
and trends analysis report by product (plant protein, 
animal/dairy protein), by application (food & beverages, 
personal care and cosmetics), and segment forecasts,2020 – 
2027. 2020 [accessed April 3, 2020] https://www. 
grandviewresearch.com/industry-analysis/protein-ingredients-
market. 

[7] Hadidi, M., Aghababaei, F., & Mcclements, D.J. (2023). 
Sunflower meal/cake as a sustainable protein source for global 
food demand: Towards a zero-hunger world. Food 
Hydrocolloids. 

[8] United Nations. (2019). Department of economic and social 
affairs, population division, world population prospects 2019: 
Highlights (ST/ESA/SER.A/   ).†423جستج†وی  Google. (n.d.). 
Retrieved August 30, 2022, from https://www. google. com/ 
search?q=United+Nations.+(2019).+Department+of+Econom
ic+and+Social+Affairs%2C+Population+Division%2C+Worl
d+Population+Prospects+2019%3A+Highlights+(ST%2FES
A%2FSER.A%2F423).&oq=United+Nations.+(2019).+Depar
tment+of+Economic+and+Social+Affairs%2C+Population+D
ivision%2C+World+Population+Prospects+2019%3A+Highli
ghts+(ST%2FESA%2FSER.A%2F423).&aqs=chrome.0.69i5
9.1180j0j7&sourceid=chrome&ie=UTF-8. 

[9] Sara Albe-Slabi, Romain Kapel, Chapter 18 - Sunflower as a 
Developing Plant Protein Source for Food, Editor(s): 
Sudarshan Nadathur, Janitha P.D. Wanasundara, Laurie 
Scanlin, Sustainable Protein Sources (Second Edition), 
Academic Press,2024,Pages 357-380,ISBN 9780323916523, 
https:// doi.org/10.1016/B978-0-323-91652-3.00019-8. 

[10] Sergio González-Pérez,12 - Sunflower Proteins,Editor(s): 
Enrique Martínez-Force, Nurhan Turgut Dunford, Joaquín J. 
Salas, Sunflower,AOCS Press,2015,Pages 331-393,ISBN 978 
1893997943,https://doi.org/10.1016/B978-1-893997-94-
3.50018-0. 

[11] Akande, K. E., Doma, U. D., Agu, H. O., & Adamu, H. M. 
(2010). Major antinutrients found in plant protein sources: 
Their effect on nutrition. Pakistan Journal of Nutrition, 9(8), 
827–832. https://doi.org/10.3923/pjn.2010.827.832  

[12] Gonz.lez-P.rez, S.; Arellano, J. B. Vegetable Protein Isolates. 
In Handbook of Hydrocolloids; Phillips, G.O., Williams, P. A., 
Eds.; Woodhead Publishing Series in Food Science, 
Technology and Nutrition No 173; Woodhead Publishing: 
Cambridge, UK, 2009; pp 383–419. 

[13] Sara Albe-Slabi, Romain Kapel, Chapter 18 - Sunflower as a 
Developing Plant Protein Source for Food, Editor(s): 
Sudarshan Nadathur, Janitha P.D. Wanasundara, Laurie 
Scanlin, Sustainable Protein Sources (Second Edition), 
Academic Press, 2024, Pages 357-380, ISBN 9780323916523, 
https://doi.org/10.1016/B978-0-323-91652-3.00019-8. 

[14] RamanPreet Kaur, Gargi Ghoshal, Sunflower protein isolates-
composition, extraction and functional properties, Advances in 
Colloid and Interface Science, Volume 306, 2022, 102725, 
ISSN 0001-8686, https://doi.org/10.1016/j.cis.2022.102725. 

[15] ablo R. Salgado, Silvina R. Drago, Sara E. Molina Ortiz, 
Silvana Petruccelli, Oscar Andrich, Rolando J. González, 
Adriana N. Mauri, Production and characterization of 
sunflower (Helianthus annuus L.) protein-enriched products 



 

109 

obtained at pilot plant scale, LWT - Food Science and 
Technology, Volume 45, Issue 1, 2012, Pages 65-72, ISSN 
0023-6438, https://doi.org/10.1016/j.lwt.2011.07.021. 

[16] Chinese Nutrition Society. (2023). Dietary reference intakes 
for China (2023). People's Medical Publishing House 

[17] Ren J, Sun XH, Lin GP, Zheng XQ, Liu XL. Isolation and 
characterization of sunflower protein isolates and sunflower 
globulins. Adv Intell Soft Comput 2012; 134:441–9. 
https://doi.org/10.1007/978-3-642-27537-1_54. AISC. 

[18] Villanueva, A., Vioque, J., Sánchez-Vioque, R. et al. Peptide 
characteristics of sunflower protein hydrolysates. J Amer Oil 
Chem Soc 76, 1455–1460 (1999). https://doi.org/ 10. 1007/ s11 
746-999-0184-2 

[19] eaubier, S., Albe-Slabi, S., Aymes, A., Bianeis, M., Galet, O., 
& Kapel, R. (2021). A Rational Approach for the Production of 
Highly Soluble and Functional Sunflower Protein Hydrolysates. 
Foods, 10(3), 664. https://doi.org/ 10.3390/ foods 10030664 

[20] Taha, F. S.,  Mohamed, S. S. ,  Wagdy, S. M. , &  Mohamed, 
G. F. (2013). Antioxidant and antimicrobial activities of 
enzymatic hydrolysis products from sunflower protein isolate. 
World Applied Sciences Journal, 21(5), 651-658.  

[21] Velliquette RA, Fast DJ, Maly ER, Alashi AM, Aluko RE. 
Enzymatically derived sunflower protein hydrolysate and 
peptides inhibit NFκB and promote monocyte differentiation to 
a dendritic cell phenotype. Food Chem. 2020 Jul 30; 319: 
126563. doi: 10.1016/j.foodchem.2020.126563. Epub 2020 
Mar 4. PMID: 32172048. 

[22] Federica Tonolo, Sara Coletta, Federico Fiorese, Alessandro 
Grinzato, Marica Albanesi, Alessandra Folda, Stefania Ferro, 
Agnese De Mario, Ilaria Piazza, Cristina Mammucari, Giorgio 
Arrigoni, Oriano Marin, Giulia Cestonaro, Luigi Nataloni, 
Enrico Costanzo, Claudia Lodovichi, Maria Pia Rigobello, 
Marina de Bernard, Sunflower seed-derived bioactive peptides 
show antioxidant and anti-inflammatory activity: From in silico 
simulation to the animal model, Food Chemistry, Volume 439, 
2024, 138124, ISSN 0308-8146, https:// doi.org/ 10. 1016/ j. 
foodchem. 2023.138124. 

[23] WANG Haifeng, Wang Changqing, Lv Peng, et al. Study on 
the free radical scavenging activity of different Enzymatic 
hydrolysis products of Sunflower Seed protein isolate [J]. 
China Journal of Grain and Oils, 2017.2011, 26(3):4. DOI: 
CNKI: SUN:ZLYX.0.2011-03-014.  

[24] Tonolo F , Coletta S , Fiorese F ,et al.Sunflower seed-derived 
bioactive peptides show antioxidant and anti-inflammatory 
activity: From in silico simulation to the animal model[J].Food 
Chemistry, 2024, 439.DOI:10.1016/j.foodchem.2023.138124.  

[25] LU Xiao-meng, QI Ce, ZHENG Jie, SUN Mei, TANG Xue, 
JING Long, SUN Jin,. Antidepressant effect of sunflower seed 
protein on chronic unpredictable mild stress induced depressive 
mice[J]. NATURAL PRODUCT RESEARCH AND 
DEVELOPMENT, 2020, 32(7): 1205-1212. 

[26] Baurina, A. V., Baurin, D. V., Shakir, I. v., & Panfilov, V. I. 
(2021). Use of Sunflower Protein in Snack Bars. Chemical 
Engineering Transactions, 87, 1-6. https://doi.org/ 10.3303/ 
CET2187001. 

[27] Mohammed K , Obadi M , Omedi J O ,et al.Effect of Sunflower 
Meal Protein Isolate (SMPI) Addition on Wheat Bread Quality 
[J]. 2018. 

[28] Grasso S, Liu S , Methven L .Quality of muffins enriched with 
upcycled defatted sunflower seed flour[J].LWT, 119[2025-02-
14].DOI:10.1016/j.lwt.2019.108893.  

[29] Blicharz-Kania A , Pecyna A , Zdybel B ,et al.Sunflower seed 
cake as a source of nutrients in gluten-free bread[J].Scientific 
Reports, 2023, 13(1).DOI:10.1038/s41598-023-38094-w.  

[30]  Kotecka-Majchrzak E M M. Oilseed proteins - Properties and 
application as a food ingredient[J].Trends in Food Science & 
Technology, 2020, 106(1). 

[31] Baurin D V , Epishkina J M , Baurina A V ,et al.Sunflower 
Protein Enzymatic Hydrolysates as a Medium for Vitamin B2 
and B12 Biosynthesis[J].CET Journal - Chemical Engineering 
Transactions, 2020, 79.DOI:10.3303/CET2079025. 

[32] Luo P, He, Dong‑Ping.Preparation of liposome encapsulating 
angiotensin-I-converting enzyme inhibitory peptides from 
sunflower protein hydrolysates[J].Molecular Medicine Reports, 
2018.DOI:info:doi/10.3892/mmr.2018.8474. 

 

 

 

 

 
 

 


