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RESUMO 

Proteins are essential macromolecules that perform 

structural, metabolic, storage, and catalytic functions 

in cells. The growing global population has intensified 

the search for sustainable alternatives to animal 

proteins, highlighting plant proteins as promising 

candidates. However, their successful application 

depends strongly on their physicochemical and 

functional properties, underscoring the need for 

detailed characterization. Plant proteins are classified 

according to solubility into albumins, globulins, 

prolamins, and glutelins, which are soluble in water, 

saline, alcoholic, and alkaline/acidic solutions, 

respectively. Among these fractions, glutelins remain 

comparatively understudied despite their importance 

as seed storage proteins. This review aimed to compile 

and critically evaluate current knowledge regarding 

the physicochemical characteristics of glutelin 

fractions isolated from plant sources. Glutelins are 

encoded by multigene families and consist of 

heterogeneous acidic (30–36 kDa) and basic (19–22 

kDa) subunits derived from a 57 kDa precursor 

typically stored in protein bodies (PB II). Their low 

water solubility arises from strong hydrophobic 

interactions and disulfide (SH–SS) linkages. 

Functional properties such as water absorption, 

emulsifying capacity, and gel formation are key 

determinants of texture, structure, and shelf life in 

food systems. Physical, chemical, and enzymatic 

modifications have shown promise in improving 

glutelin solubility, emulsification, and foaming 

properties. 
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 ABSTRACT 
As proteínas são macromoléculas essenciais que 

exercem funções estruturais, metabólicas, de 

armazenamento e catalíticas nas células. O aumento da 

população mundial tem incentivado a procura por 

alternativas sustentáveis às proteínas de origem animal, 

destacando as proteínas vegetais. Entretanto, o 

desempenho dessas proteínas depende fortemente de 

suas propriedades físico-químicas e funcionais, o que 

ressalta a importância de caracterizá-las 

adequadamente. As proteínas vegetais são classificadas 

de acordo com sua solubilidade em albuminas, 

globulinas, prolaminas e glutelinas, solúveis em água, 

soluções salinas, alcoólicas e alcalinas/ácidas, 

respectivamente. Entre essas frações, as glutelinas 

permanecem relativamente pouco estudadas, apesar de 

seu papel relevante como proteínas de reserva. Assim, 

esta revisão buscou compilar e analisar criticamente o 

conhecimento disponível sobre as características físico-

químicas das glutelinas vegetais. Essas proteínas são 

codificadas por famílias multigênicas e constituídas por 

subunidades ácidas (30–36 kDa) e básicas (19–22 kDa), 

derivadas de um precursor de 57 kDa, geralmente 

armazenado no corpo proteico PB II. Devido às intensas 

interações hidrofóbicas e à presença de ligações 

dissulfeto (SH–SS), apresentam baixa solubilidade em 

água. Propriedades como absorção de água, 

emulsificação e formação de gel são determinantes para 

aplicações tecnológicas. Estratégias físicas, químicas e 

enzimáticas têm mostrado potencial para melhorar a 

solubilidade, a capacidade emulsificante e a formação 

de espuma das glutelinas. 
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Introduction 

Proteins are essential biological macromolecules responsible for most cellular functions, often 

acting in coordination with other biomolecules. They can be regarded as natural biomolecular 

devices exhibiting specific structural and functional properties (Sun et al., 2023). Proteins 

perform numerous enzymatic, structural, and regulatory roles and serve as nutrient reservoirs 

to sustain metabolic demands (Rasheed et al., 2020; Sun et al., 2023) Among all nutrients, 

proteins are indispensable for humans because they play a vital role in tissue formation, cellular 

repair, and metabolic regulation (Nehete et al., 2013). 

The global demand for protein is rapidly increasing. With continuous population growth, one 

of the greatest challenges is ensuring access to cost-effective protein sources that meet 

nutritional, environmental, and social sustainability standards (Sá et al., 2020; Guan et al, 2022; 

Gao et al., 2023). Consequently, there is an urgent need to identify and develop new, sustainable 

sources of food proteins. 

Animal-derived proteins, while nutritionally valuable, are costly in terms of market price, land 

use, and environmental impact. The surge in consumer demand for plant-based proteins has 

been driven by both perceived health benefits and the lower environmental footprint of plant-

derived foods compared to animal-based alternatives (Bouchard et al, 2022). The low efficiency 

of converting plant biomass into animal protein, combined with high production costs, further 

amplifies the need for alternative, plant-based protein sources (Gao et al., 2023; Kumar(a) et al., 

2022). Thus, identifying and exploiting plant proteins of high nutritional quality to complement 

or replace animal proteins has become a major research and industrial priority (Li et al., 2022). 

Consumer confidence in plant-based proteins has also grown considerably (Gonzáles-Pérez & 

Arellano, 2009; Pam et al., 2020). Currently, plant sources account for approximately 57% of 

global protein supply, while meat contributes 18%, dairy 10%, fish and shellfish 6%, and other 

animal-derived products 9% (Henchion et al.,2017). The functionality of plant proteins is 

crucial not only for human nutrition but also for animal feed formulations and biofuel 

production (Bean et al., 2011). 

Recent studies have demonstrated that proteins extracted from pulses and whole grains contain 

bioactive peptides with disease-preventive properties. Traditional plant protein sources such as 

soybeans, beans, and peas have long been utilized by humans. However, more recent research 

focuses on exploring novel protein sources including plants, algae, and entomoproteins (Sá et 

al., 2020; Djouadi et al., 2022). The major plant-derived protein sources under scientific and 

industrial investigation include legumes, algae, cereals (and pseudocereals such as quinoa, 

amaranth, and buckwheat), seeds, roots, leaves, almonds, nuts, fruits, and agro-industrial by-

products (Table 1) (Sá et al., 2020). 
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Table 1- The potential of different crops for protein production. The potential for protein 

production was evident in the algae. 

 

Various crops exhibit high protein production potential (Table 1), particularly algae, sunflower, 

and, legumes with protein contents of approximately 45%, 40%, and 25%, respectively. 

Legume proteins possess the additional advantage of being water- or salt-soluble, which 

simplifies their extraction (Dias et al., 2024). The effectiveness of proteins in food applications 

depends not only on their nutritional quality but also on their functional properties (Kumar(b) et 

al., 2022) 

The functional properties of proteins—those determining their performance in food systems—

are largely governed by physicochemical characteristics, including molecular weight, size, 

shape, flexibility, amino acid composition, net charge, charge distribution, and hydrophobicity 

(Pam et al., 2020; Kumar(b) et al., 2022). To comprehend the physical-chemical characteristics 

of plant proteins, it is necessary to undertake their classification.  

Plant proteins are traditionally categorized into housekeeping and storage proteins according to 

their physiological roles. While housekeeping proteins participate in metabolic processes, 

storage proteins act as nitrogen and energy reserves for germination and early seedling 

development (Jain, 2023; Derbyshire et al., 1976). 

Proteins may be categorized based on evolutionary relationships, chemical structure, 

mechanisms of action, biological function, cellular localization, or the separation technique 

employed during purification (Boulter & Derbyshire, 2024). According to Rasheed and 

colleagues, (2020), the earliest classification attempts for plant proteins were based on 

extractability and solubility, with the first systematic study of seed storage proteins conducted 

by T. B. Osborne, following the guidelines of the American Committee on Protein 
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Nomenclature (American Physiological Society. 1907). This nomenclature distinguishes 

proteins as simple, conjugated, or derived. Simple proteins are further subdivided into four 

primary categories (Osborne, 1924), according to their solubility in water, salt, alcohol, or 

acidic/alkaline solutions (Rosa et al., 2000, Lima et al., 2016), corresponding to the four classic 

fractions: albumins, globulins, prolamins, and glutelin, respectively (Chena et al., 2018; Wang 

et al., 2021). Although widely used, the Osborne solubility classification is considered crude 

due to overlapping solubility ranges among protein types, Osborne framework remains the 

foundation for seed protein categorization. Despite these attempts at more modern classification 

systems, Osborne classification (Table 2) is still the most widely used system, mainly used for 

protein extraction and purification procedures (Rasheed et al., 2020). 

The increasing global demand for proteins, driven by population growth, is stimulating the 

search for new and sustainable protein sources. Plants provide a promising alternative for 

producing proteins with functional characteristics similar to those of animal proteins, yet with 

lower economic and environmental costs. Glutelin functions primarily as a seed storage protein 

(SSP). Plant storage proteins serve as essential reservoirs of amino acids, nitrogen, carbon, and 

sulfur required for seedling germination, and they constitute a major dietary source of protein 

for both humans and animals. Given their structural diversity and broad range of techno-

functional properties—including solubility, thermal stability, aggregation behavior, and 

molecular weight distribution—characterizing the physicochemical attributes of plant glutelin 

is essential for advancing their application in food, nutraceutical, and biomaterial industries. In 

this context, the present review aimed to compile and critically evaluate current knowledge 

regarding the physicochemical characteristics of glutelin fractions isolated from plant sources. 

 

Materials and Methods 

This narrative review was conducted with the objective of compiling and synthesizing the 

available scientific knowledge on plant-derived proteins, with a specific focus on glutelins. A 

comprehensive literature search was performed between October 2024 and September 2025 in 

the following databases: ScienceDirect, Scopus, Web of Science, PubMed/Medline, and 

Google Scholar. The search strategy employed the following descriptors and boolean 

combinations, adapted for each database: “plant protein” OR “seed storage protein” AND 

“plant protein solubility” OR “glutelin plant protein” OR “molecular weight plant protein.” 

Eligible documents included peer-reviewed original research articles, review papers, and book 

chapters addressing the physicochemical properties of glutelin proteins of plant origin. Studies 

without full-text availability, duplicated records, and publications lacking relevance to the 

review objectives were excluded. 

Article selection was performed manually by the authors through title and abstract screening, 

followed by full-text evaluation. Extracted information was categorized into thematic domains, 

including: 

(1) physicochemical composition of plant glutelins; 

(2) structural and molecular characteristics; 

(3) solubility behavior under different environmental conditions; 

(4) functional properties relevant to food applications. 
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Results and Discussion 

Characterization of Plant Proteins 

Protein Type Solubility Characteristics Examples in Plants  

Albumins Water Globular, coagulable by heat 2S-type; e.g., 

Leucine, Legumalin, Phaselin, Ricin 

Globulins Salt solution Globular, higher molecular weight 

than albumins 

Intra-molecular 

7S vicilin-type (peas, soy etc.) 

11S legumin-type (brassicas, oat, 

rice) 

Prolamins Alcohol/water 

mixtures (e.g., 70% 

ethanol) 

Intra-molecular disulfide bonds, 

High proportion of proline and 

glutamine, repetitive motifs in 

central domains 

Gliadins, Zein, Hordein, Secalin 

Glutelins Alkaline solutions Intermolecular disulfide bonds, 

High proportion of proline and 

glutamine, repetitive motifs in 

central domains 

Glutenins in wheat 

Glutelins in rice 

 

Table 2- Types, characteristics (based on Osborne fractionation), and presence of plant proteins adopted by 

(Rasheed et al., 2020). 

 

Compared with animal proteins, plant proteins offer substantial sustainability benefits and a 

lower environmental footprint, making them attractive for food system innovation. They can 

serve as delivery matrices for bioactive compounds, enhancing the stability, solubility, and 

bioavailability of functional ingredients through various encapsulation and distribution systems 

(Guan et al, 2022). 

The functional properties of proteins determine their performance in food applications. These 

include properties such as the amino acid composition, molecular weight distribution, tertiary 

and quaternary structural morphology, thermal stability, water and oil absorption capacity, and 

in vitro digestibility (Kumar(b) et al., 2022). For example, Lupinus species are protein-rich and 

exhibit diverse biological activities, including anticancer, antibacterial, antifungal, and 

antioxidant properties. (Duarte et al., 2022; Pinheiro et al., 2017; Joana et al., 2022). 

Amino acid composition of Fagopyrum esculentum (buckwheat) flour proteins 

Globulins contained high levels of methionine and lysine, while prolamins were enriched in 

histidine, threonine, valine, isoleucine, and leucine. Glutelins were abundant in histidine, 

threonine, valine, isoleucine, leucine (Guo, & Yao), as well as methionine and cysteine 

(Bouchard, et al.,2022). 

The solubility behavior of albumin and glutelin fractions exhibited a typical U-shaped pattern 

with respect to pH, reaching minimal solubility near pH 4.0. This phenomenon is attributed to 

the reduction in net surface charge at the isoelectric point, where electrostatic repulsion among 

protein molecules is minimized, leading to aggregation and reduced solubility (Chena et al., 

2018). At pH levels above or below this point, the net charge on protein molecules increases, 

thereby enhancing solubility due to increased intermolecular repulsion. 

According to Ispano and collaborators (Shewry et al., 2002), the Pfam database 

(http://www.sanger.ac.uk/Software/Pfam/) provides a comprehensive classification system for 

plant protein families based on structural and evolutionary relationships. Historically, however, 

the classification of plant proteins was pioneered by Osborne and contemporaries, who 

http://www.sanger.ac.uk/Software/Pfam/
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categorized them based on solubility and extractability in various solvents—namely water 

(albumins), dilute saline (globulins), alcohol/water mixtures (prolamins), and dilute acid or 

alkali (glutelins)—a system still widely employed today (Figure 2). 

Functionally, most proteins from the albumin fraction participate in metabolic processes, 

including enzymatic reactions and protease or amylase inhibition, and often include lectins. In 

contrast, globulins, prolamins, and glutelins function primarily as seed storage proteins (SSPs) 

that provide nitrogen and carbon sources during germination (Boye et al., 2010). 

 

Albumins 

Albumins are defined as water-soluble, globular proteins that are coagulable by heat. The most 

well-known examples include serum albumin, the major protein in human blood, and 

ovalbumin from egg white. In plants, albumins occur as 2S seed storage proteins (Youle, & 

Huang, 1981). Various crops contain albumin fractions with distinct compositions: leucine-rich 

albumins in barley (Hordeum vulgare), wheat (Triticum), and rye (Secale cereale); legumelin 

in pea, soybean, and cowpea; phaselin in kidney bean; and ricin in castor bean (Ricinus 

communis) (Shewry & Pandya, 1999). Amino acid composition of Fagopyrum esculentum 

(buckwheat) flour proteins revealed that albumins were particularly rich in histidine, threonine, 

valine, phenylalanine, isoleucine, leucine, and lysine. 

Albumins play important roles in the metabolic processes of maturing plants and contribute to 

the synthesis of defense compounds (Guo & Yao, 2006; Bean et al., 2011). As a major seed 

storage protein group widely distributed among both monocotyledonous and dicotyledonous 

species, albumins are stored within protein bodies of developing seeds. During germination and 

seedling growth, plants mobilize these proteins as sources of amino acids and carbon skeletons. 

In addition, 2S albumins serve a protective role, acting as defensive agents against fungal 

invasion (Moreno, & Clemente, 2008). 

Based on their sedimentation coefficients, plant storage albumin is classified into 2S albumins 

with 8–10 kDa (small subunit) and 12–15 kDa (large subunit), giving a total molecular weight 

between 18 and 25 kDa. The 2S albumins are characterized by a high nitrogen content, 

primarily from glutamine, glutamate, asparagine, aspartate, and arginine. Notably, they share a 

high cysteine and methionine composition, distinguishing them from globulins Derbyshire et 

al., 1976). In most species, cysteine represents 6–13% of total amino acids, while methionine 

ranges from 1.6–3.8%. An exception is peanut albumin, which is deficient in both cysteine and 

methionine, whereas the Brazil nut (Bertholletia excelsa) 2S albumin contains an exceptionally 

high 17% methionine (Youle, & Huang, 1981). 

 

Globulins 

Globulins are globular proteins with higher molecular weights than albumins. They are soluble 

in dilute salt solutions but insoluble in water. In humans, serum γ-globulin represents the most 

well-known member of this group (Rasheed et al., 2020). In plants, globulins function as 

storage proteins in both dicots and monocots, making them one of the most prevalent storage 

protein groups (Franco et al., 1997). Globulins are also particularly rich in methionine and 

lysine (Guo & Yao, 2006). 
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Based on their sedimentation coefficients, plant storage globulins are classified into two 

principal categories: 7S (vicilin-type or β-conglutins) and 11S (legumin-type or α-conglutins). 

The 7S globulins (150–200 kDa) are predominant in peas and soybeans, while the 11S globulins 

(300–450 kDa) represent the major storage proteins in legumes such as Lupinus and Brassica 

species (Rasheed et al., 2020). Similar to albumins, globulins also play essential roles in plant 

metabolism and defense responses (Guo & Yao, 2006; Bean et al., 2011). Bioactive peptides 

derived from globulins have demonstrated antifungal (Monteiro et al., 2015; Carreira et al., 

2018), antibacterial (Abdel-Shafi et al., 2019), and anticancer properties, highlighting their 

functional versatility and potential in food and pharmaceutical applications. 

Prolamins 

Prolamins and glutelins are hydrophobic seed storage proteins that accumulate in protein bodies 

or small vacuoles. They are characterized by low water solubility and high levels of proline and 

glutamine ((Gonzáles-Pérez & Arellano, 2009; Bean et al., 2011). Osborne first identified this 

unique class of alcohol-soluble cereal proteins and coined the term “prolamins” to reflect their 

high proline and amide nitrogen content (later recognized as derived from glutamine). 

In most cereals, prolamins constitute the dominant class of seed storage proteins, followed by 

glutelin. Prolamins are enriched in histidine, threonine, valine, isoleucine, and leucine (Guo & 

Yao, 2006). In various cereals, prolamins are referred to by specific names derived from their 

Latin generic names: gliadins in wheat (Triticum aestivum), zeins in maize (Zea mays), hordeins 

in barley (Hordeum vulgare), secalins in rye (Secale cereale), kafirins in sorghum (Sorghum 

bicolor), and pennisetins in pearl millet (Pennisetum glaucum) (Bean et al., 2011; Shewry & 

Tatham, 1990; Bibi et al., 2021). The 11- and 156-residue N- and C-terminal regions of 

prolamins flank a repetitive domain composed of eight conserved hexapeptides (Pro-Pro-Pro-

Val-His-Leu). This sequence confers hydrophilic characteristics that paradoxically contribute 

to reduced solubility in water (Shewry & Tatham, 1990). 

Cereal prolamins exhibit insolubility in water or dilute salt solutions, even when reduced, but 

become soluble in alcohol/water mixtures. Their solubility characteristics are attributed to 

repetitive amino acid sequences (as in α-zeins and Triticeae prolamins) or methionine-rich 

domains (in β- and γ-zeins). In contrast, δ-zeins are water-soluble when reduced but can form 

insoluble polymers through interchain disulfide bonding (Shewry & Tatham, 1990). 

Prolamins possess distinctive amino acid profiles, typically enriched in proline, glutamine, 

methionine, aromatic amino acids, and glycine. These residues are critical to maintaining the 

structural integrity and solubility of the protein (Shewry & Tatham, 1990).  

Based on molecular weight, prolamins are categorized into three primary groups: 

(a) High-molecular-weight (HMW) prolamins, (b) Medium-molecular-weight (MMW) 

prolamins, and (c) Low-molecular-weight (LMW) prolamins— the most abundant fraction in 

major cereal crops (Shewry & Tatham, 1990; Wieser, 2008). 

 

Glutelin 

Glutelin and prolamin are hydrophobic seed storage proteins that accumulate in protein bodies 

or small vacuoles. Rice and oats, containing higher concentrations of glutelin and globulins 
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(Bouchard, et al.,2022). Glutelin, the predominant protein in rice, is primarily composed of 

glutamine, asparagine, arginine, glycine, and alanine (Zhao et al., 2020), histidine, threonine, 

valine, isoleucine, and leucine. SDS–PAGE analysis under both reductive and non-reductive 

conditions confirms the presence of disulfide bonds across the major protein fractions (Guo & 

Yao, 2006). 

Glutelin Proteins Characterization 

Solubility of Glutelin Proteins 

Approximately half of the global dietary protein supply originates from cereal seeds, where 

most proteins accumulate within protein bodies (PBs) in the endoplasmic reticulum (ER) 

(Pedrazzini et al., 2016). Two types of PBs—low- and high-density forms—develop 

concurrently in wheat endosperm cells. Gliadins are found in both types, whereas high-

molecular-weight glutenins localize primarily in dense PBs, suggesting aggregation within the 

rough ER (Rubin, et al., 1992). 

mRNA localization within the ER governs subcellular protein targeting and storage organelle 

biogenesis. Distinct localization patterns of storage protein mRNAs define the deposition of 

corresponding proteins within specific endosomal compartments of cereal grains (Zhang et al., 

2022). In rice, proglutelins and α-globulins are synthesized separately in the cisternal ER and 

PB-ER, then co-transported via the Golgi apparatus into protein storage vacuoles (PB-II) (Li et 

al., 2022).. Takahashi and collaborators, 2004 further proposed a direct transport pathway from 

the ER to protein storage vacuoles through precursor-accumulating vesicles. Protein 

accumulation begins approximately five days after flowering, with a 57 kDa polypeptide 

precursor giving rise to 22–23 kDa (acidic) and 37–39 kDa (basic) subunits, alongside a 26 kDa 

globulin component. Smaller 10–16 kDa prolamin peptides appear later during PB formation 

(Li et al., 2022). 

At the primary structure level, glutelin are rich in glutamine, asparagine, and hydrophobic 

amino acids such as leucine and isoleucine (Zhao et al., 2020). The high content of amide side 

chains from glutamine and asparagine promotes intermolecular hydrogen bonding and protein 

aggregation, reducing solubility under neutral pH. The secondary structure of glutelins is 

composed primarily of α-helices and β-sheets, stabilized by hydrogen bonds, which influence 

their conformational rigidity and their limited flexibility in aqueous environments (Pedrazzini 

et al., 2016). 

The tertiary structure of glutelins is stabilized by extensive hydrophobic interactions and 

disulfide bridges (–S–S–) between cysteine residues. These bonds create compact, polymeric 

conformations that make the protein more thermally stable but also less soluble in water (Li et 

al., 2022). This compact folding limits solvent penetration, leading to aggregation and 

precipitation at isoelectric pH values (pH 4–5) Figure 1. 

The quaternary structure of glutelins, particularly in cereal species such as wheat and rice, 

involves the association of multiple polypeptide subunits (typically one acidic and one basic) 

linked by disulfide bonds. In rice, glutelin form protein bodies (PB-II) within the endosperm, 

where they aggregate into large complexes via hydrophobic and covalent interactions 

(Kumamaru et al., 2010). 
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Protein solubility is strongly influenced by extrinsic factors such as ionic strength, solution 

composition, pH, and temperature. Low solubility remains a critical challenge across several 

fields, including structural genomics, protein engineering, human disease studies, and industrial 

applications. It also limits the stability and efficacy of protein-based pharmaceuticals during 

preparation, sterilization, and storage (Trevino et al., 2008). 

In food systems, protein solubility is directly associated with functional properties such as 

emulsification, foaming, gelation, and rheological behavior. However, many plant-based 

proteins exhibit poor aqueous solubility, largely due to complex interactions between 

environmental conditions and heterogeneous fraction compositions (Gao et al., 2023).  Glutelin, 

the predominant protein in rice, is primarily composed of glutamine, asparagine, arginine, 

glycine, and alanine. The amide groups of glutamine and asparagine facilitate protein 

aggregation, contributing to low solubility and poor surface-active behavior under neutral pH 

(Paraman et al., 2007; Zhao et al., 2020). The amide side chains and hydrogen-bonding capacity 

of these amino acids reduce molecular flexibility, leading to aggregation. Furthermore, 

hydrophobic and sulfhydryl-disulfide (SH–SS) interactions are major contributors to glutelin 

insolubility, even under high degrees of hydrolysis. Exposure of buried hydrophobic regions 

during heat denaturation or enzyme inactivation promotes aggregation and cross-linking, which 

diminishes both solubility and emulsifying capacity (Paraman et al., 2007). The underlying 

mechanisms likely involve disulfide bond formation and complex non-covalent interactions, 

although these remain to be fully elucidated (Mao et al., 2012). 

Variations in surface hydrophobicity among proteins are largely due to differences in amino 

acid composition and exposure of aromatic and aliphatic residues during extraction and 

processing. The solubility profiles of albumin and glutelin typically exhibit a U-shaped curve 

relative to pH, with minimum solubility near pH 4.0, where the net surface charge is lowest and 

protein–protein interactions dominate (Chena et al., 2018). The solubility of the glutelin protein 

is a pressing challenge that needs to be understood to promote the use of this protein fraction. 

 
Figure 1. AI generated plant protein structures 
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Structural Modifications and Functional Improvement 

Protein functionality depends not only on intrinsic characteristics such as amino acid 

composition, molecular weight, and tertiary structure but also on environmental parameters 

including ionic strength, pH, and temperature during processing (Zhao et al., 2019; Wang et 

al., 2021). Protein solubility affects industrial food functionality, as it determines properties 

such as water absorption capacity, emulsion stability, and gel formation (Wang et al., 2021). 

Water absorption, emulsion stability, and gel formation are crucial protein functions that dictate 

the texture, structure, and shelf life of many food products. Water absorption affects hydration 

and moisture retention, preventing dryness. Emulsion stability relies on proteins forming 

protective barriers at oil-water interfaces, while gel formation creates a three-dimensional 

network that provides structure and texture (Shen et al., 2022; Silva et al., 2022).  

Several strategies have been developed to enhance glutelin solubility and functionality, 

including the addition of chemical additives (e.g., 50 mM L-arginine and L-glutamic acid), 

fusion peptides, and targeted hydrophobic or hydrophilic surface mutations (Trevino et al., 

2008). 

Since the 1950s, researchers have employed structural modification techniques—both 

enzymatic and genetic—to tailor plant proteins for improved functionality and nutritional 

performance in food systems (Sun et al., 2019). Modifications in physicochemical and 

structural attributes directly affect properties such as solubility, emulsification, and digestibility 

(Kumar(a) et al., 2022). Experimental evidence indicates that thermal treatment (100 °C for 60 

min at pH 7) can triple glutelin solubility and double its foaming capacity, accompanied by a 

reduction in aggregate size (~100 nm), decreased disulfide bond content, and increased surface 

charge and hydrophobicity (Zhao et al., 2019). 

Additionally, enzymatic hydrolysis using pepsin in defatted walnut meal glutelin protein 

improved its surface hydrophobicity, solubility, emulsifying and foaming capacities, and water 

absorption, confirming that structural reorganization enhances functional behavior (Wang et 

al., 2021; Sun et al., 2019).  
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Conclusion 

This comprehensive analysis highlights the biochemical complexity and functional diversity of 

plant storage proteins, particularly albumins, globulins, prolamins, and glutelins, which 

collectively constitute the foundation of protein reserves in seeds. Each class demonstrates 

distinctive solubility profiles, amino acid compositions, and physiological roles, reflecting their 

adaptation to specific plant metabolic and structural requirements. 

Functionally, modifying intrinsic properties through physical (thermal), chemical, or enzymatic 

treatments has shown promising results, enhancing solubility, emulsifying, and foaming 

behaviors—critical for the food and nutraceutical industries. Moreover, the identification of 

bioactive peptides, including anti-inflammatory and anticancer fractions, underscores the 

biomedical relevance of these proteins beyond their nutritional roles. 

In conclusion, a deeper understanding of the structural organization, solubility dynamics, and 

interrelationships among seed storage proteins can guide the development of novel plant-based 

protein sources with tailored functional and health-promoting attributes, contributing to 

sustainable nutrition and biotechnology innovation. 
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