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Abstract         

The escalating global protein demand and the 
environmental burden of conventional animal-based 
production necessitate the development of sustainable 
and nutritionally balanced alternatives. This review 
explores the design of a novel hybrid protein powder 
integrating whey protein—renowned for its superior 
bioavailability and leucine richness—with corn protein, a 
sustainable plant-based source possessing the highest 
leucine concentration among cereals. The innovation lies 
in employing physical, chemical, and enzymatic 
crosslinking techniques to form a unified protein matrix 
with enhanced solubility, stability, and bioactivity, 
thereby overcoming the intrinsic limitations of individual 
proteins. The paper critically examines the nutritional 
rationale underpinning this combination, emphasizing 

essential and branched-chain amino acids vital for muscle 
metabolism. It further outlines the extraction and 
formulation methodologies for both whey and corn 
proteins, detailing strategies for achieving optimal 
functional and sensory properties. By merging the 
anabolic potency of whey with the sustainability and 
affordability of corn, this hybrid system offers a versatile 
and eco-efficient ingredient suitable for beverages, 
bakery products, and fortified foods. Overall, this work 
highlights hybrid protein technology as a promising 
pathway toward sustainable protein innovation and 
future global food security. 
 
Keywords: hybrid protein, whey protein, corn protein, 
protein crosslinking, sustainable food systems, functional 
foods, amino acid profile  
  

 

1. Introduction           

According to UN data, the global population is expected 
to surge by nearly 50% from the year 2000’s levels, 
reaching 9.5 billion by 2050. This growth is widely 
acknowledged and brings with it a rising demand for food 
due to the increase in population. Moreover, shifts such 
as changing socio-demographics for example higher 
incomes and urbanization will lead to alterations in 
consumption habits and will put more pressure on the 
world’s resources to provide not only more but also 

different types of foods. Consequently, not only will the 
quantity of food needed alter, but also the kinds of food 
demanded and their proportion in diets [1].    
 
The anticipated demand for protein is especially 
noteworthy, with predictions indicating that the global 
demand for animal-based protein will double by 2050. 
This raises sustainability and food security concerns, 
primarily because animal-based foods are generally 
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believed to emit more greenhouse gases (GHG) than 
plant-based foods, contributing to climate change [2]. A 
study conducted by concluded that dietary GHG 
emissions in self-selected meat-eaters are approximately 
twice as high as those in vegans. It is likely that reductions 
in meat consumption would lead to reductions in dietary 
GHG emissions.      
 
Protein is an essential nutrient for building and 
maintaining lean muscle mass and strength, especially for 
bodybuilders (and other athletes also) [3]. However, not 
all protein sources are equal in terms of quality, quantity, 
and cost. Animal proteins, such as whey, are considered 
to be superior to plant proteins, such as pea, sorghum, 
corn, rice, and pulses, because they contain higher 
amounts of essential amino acids, especially leucine, 
which is the key amino acid for stimulating muscle 
protein synthesis. Also, it is concluded in their evidence-
based study that animal proteins, due to their high 
quality, favorable profile of essential amino acids, and 
increased bioavailability compared to plant-based 
proteins, have a more significant impact on muscle health 
outcomes. These outcomes include muscle mass, muscle 
strength, physical performance, and the treatment of 
sarcopenia in adults.   
 
However, it's important to note that while animal 
proteins have these advantages and higher demand, 
they're still environmentally less sustainable. Thus, a shift 
towards plant-based protein is desirable for 
environmental stability, ethics, affordability, food safety, 
consumer demand, and combating malnutrition. Plant-
based proteins, rich in essential amino acids and vital 
macronutrients, are gaining popularity and can provide 
complete protein nutrition. Moreover, animal proteins 
are also more expensive, less sustainable, and may have 
adverse effects on health and the environment. The 
findings had revealed that the plant-based sources were 
significantly more resource-efficient than the animal-
based sources of protein. Specifically, producing 1 kg of 
protein from kidney beans had required approximately 18 
times less land, 10 times less water, 9 times less fuel, 12 
times less fertilizer, and 10 times less pesticide compared 
to beef. The study had suggested that replacing beef with 
kidney beans in our diets could have greatly reduced our 
environmental footprint and prevalence of non-
communicable chronic diseases. It called for societal 
cooperation to change the perception that red meat is a 
staple of a healthy and affluent diet.  
 
The production of livestock significantly affects the 
environment, leading to issues such as soil erosion, water 
contamination, deforestation, desertification, and the 
production of greenhouse gases, thereby contributing to 
global warming (FAO, 2006, FAO, 2009). The 
consumption of meat and processed meat is also a public 
health concern, as it is linked to chronic diseases like 
cancer, diabetes, and cardiovascular diseases [4]. Studies 
also investigated the relationship between red meat 
consumption and mortality. The study found that 
consumption of meat, particularly red meat, is associated 
with increased risks of diabetes, cardiovascular disease, 
and certain cancers. The study also suggests an elevated 
risk of mortality associated with red meat intake. 

Additional health risks include the ingestion of disease-
causing pathogens and chemicals like antibiotics or 
hormones [5]. On the other hand, a plant-based diet can 
lead to a reduction in body weight, fat mass, and visceral 
fat, as well as an improvement in insulin sensitivity.      
 
With the global population and caloric intake projected to 
increase by 6 billion and 500 kcal per day per capita, 
respectively, between 2000 and 2100, there is a pressing 
need to boost protein production. This growth is expected 
to be accompanied by a rise in the consumption of animal 
products, leading to a 30% increase in global protein 
demand, or 10% per capita, by 2100. Without changes in 
dietary habits, this could put immense pressure on 
environmental resources [6]. 
 
Therefore, exploring alternative protein sources, such as 
plants, is essential to meet the growing protein demand 
without further damaging the environment. However, 
completely disregarding animal proteins, which are more 
bioavailable and superior to plant proteins in some 
aspects, would be an extreme approach that could lead to 
nutritional imbalances. 
 
Hence, there is a need to develop hybrid proteins that 
combine the best of both animal and plant proteins. These 
hybrid proteins could offer a cheaper, healthier, and more 
eco-friendly alternative for muscle growth. This article 
introduces a novel concept of isolating proteins from 
optimal animal and plant-based sources (namely whey 
and corn), based on their Leucine content, an essential 
branched chain amino acid required for muscle strength 
and growth, and then blending them to create a hybrid 
protein powder. This powder could potentially be used for 
muscle strength and growth. 

2. Protein Powder  

The protein powder is a dietary supplement that is made 
by extracting protein from various sources. During the 
processing phase, naturally occurring carbohydrates, fats, 
minerals and fibers are swapped with sweeteners and 
flavorings. These protein supplements are frequently 
consumed by athletes and recreationally active adults to 
achieve greater gains in muscle mass and strength, and 
improve physical performance [7]. Proteins are crucial in 
food processing, providing structural, nutritional, and 
functional properties. They exhibit diverse properties, 
and some protein fractions offer health benefits. Proteins 
are often processed into powder form for easy 
transportation and extended shelf-life while preserving 
their properties (Figure1). Powdered proteins, derived 
from animal or plant extracts, find widespread use in food 
production, stabilization, and supplementation for 
various purposes, including sports nutrition [8].    
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Figure 1: Comparison of the percentage of essential 
amino acid content of proteins from different sources [9]. 
 
2.1. Recent trends and concerns 
There is a growing preference for plant-based proteins 
due to environmental sustainability, ethical 
considerations, and health reasons such as animal protein 
allergies and cardiovascular diseases. Livestock 
production's environmental impact has led to increased 
interest in alternative protein sources [10]. Challenges 
such as water scarcity, land degradation, and climate 
change underscore the need for sustainable protein 
alternatives [11]. 
 
2.2. Plant protein extraction and enrichment 
In response to the increasing demand for plant-based 
proteins, attention has shifted to plant protein extraction, 
enrichment, and functionalization. Understanding and 
improving the physical and physicochemical attributes of 
protein powders are crucial for storage, handling, and 
processing [12].  
 
2.3. Protein extraction 
Following steps are used in the extraction of plant or even 
animal-based protein. The process of protein extraction 
begins with the selection of the source material, which can 
be either plant or animal tissues. Once the source material 
is chosen, it is crucial to ensure that it is thoroughly 
cleaned and dried. This preparation of the raw material is 
a prerequisite for the subsequent processing steps, as 
stated by [13]. The next step in the process is to execute 
lipid extraction. This involves removing fats and oils from 
the material, which enhances the purity of the protein 
extract. This step is crucial for effectively isolating 
proteins and improving the overall quality of the final 
product. The material then undergoes grinding or milling 
processes. These processes are utilized to reduce the 
particle size of the material, which facilitates subsequent 
homogenization and extraction. This step is crucial in the 
protein extraction process. The material is then 
homogenized to achieve uniformity. This is done by 
employing solvents, water, and extraction buffers such as 
salts, butanol, phenol, TCA/acetone, and enzymes. This 

step is essential for breaking down the cell structure and 
facilitating efficient protein extraction, as stated by [14]. 
 
Following the homogenization, the material is incubated 
with a suitable solvent to extract proteins. It’s important 
to ensure that the solvent effectively interacts with the 
sample. Solvents may include water and extraction 
buffers. This step is critical for separating proteins from 
the source material, as highlighted by [15]. After the 
extraction, proteins are separated from the solvent 
through precipitation or filtration methods. Techniques 
like changing pH, adding salts, or using membranes aid 
in achieving effective protein separation. This step is 
crucial in the protein extraction process, as it ensures that 
the proteins are effectively separated from the source 
material, as per [16]. Physical extraction methods, such as 
electric pulse field, ultrasound, high pressure, 
microwave-assisted extraction, or subcritical water 
treatment, are employed to enhance protein precipitation 
and filtration [17].        
 
The next phase is protein processing for powder 
formation. The obtained protein precipitate or filtrate is 
processed further to produce protein powder. Two 
common methods include dissolving the protein in water, 
adjusting dry matter content, and either spray drying or 
freeze drying. The product is then milled and sieved. 
These steps are crucial in the protein extraction process, 
as per [18]. In the process of protein powder formation, 
proteins are first dissolved in water. The dry matter 
content is then adjusted, and spray drying is used to 
produce fine protein powder particles. The resulting 
product is sieved to ensure a consistent and desirable 
particle size distribution. These steps are crucial in the 
protein extraction process, as per [19]. An alternative 
method to spray drying is to freeze dry the protein 
solution. This is followed by milling and sieving to obtain 
a fine protein powder while preserving its quality. This 
method yields a similarly fine and usable protein powder, 
as stated by [20]. After protein extraction, the crucial next 
step is drying to create Protein Powders (PPs). The 
extraction process and drying techniques significantly 
impact the functional properties of plant-based PPs in 
food formulations. Diverse methods lead to varied 
protein yields with distinct functional characteristics. 
While drying enhances storage stability, it induces partial 
protein denaturation, forming irreversible aggregates and 
altering functionality. Hydrolysis degree, molecular 
weight distribution, and amino acid composition 
influence powder properties. Proteolytic enzymes, 
extraction conditions, and hydrolysis impact solubility, 
foaming, and emulsifying capacity [21]. 

2.4. Factors in Powder Production 

High hydrolysis may introduce bitterness due to low 
molecular weight hydrophobic peptides [22]. Assess 
particle size distribution, morphology, and moisture 
content post-drying. Analyze reconstitution, solubility, 
bioavailability, shelf stability, and consumer acceptance. 
Moreover, the polypeptides require analysis of their key 
technological properties, such as flowability, stickiness, 
thermal properties (specifically, glass transition 
temperature), and storage stability [23]. 
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2.5. Common Drying Techniques 
2.5.1 Spray Drying (SD): Spray drying (SD) is an 
economical method that allows for rapid dehydration and 
has low operational costs, making it suitable for large-
scale production. However, the parameters of SD must be 
optimized for nutritional endpoints and functionality. 
The optimal conditions for SD include an inlet 
temperature of 160 °C, a feed rate of 6 mL/min, and a 
solid concentration of 35%.  

Reducing protein denaturation while maintaining drying 
efficiency and powder quality is to lower the inlet 
temperature by 20°C. This can be achieved by adding 
ethanol to the protein extract. Bulk agents like 
maltodextrin or starch can be used to prevent heat 
damage, thereby improving solubility and antioxidant 
activity. Post-SD granulation may enhance solubility, 
particle size, and reduce dust formation. This 
comprehensive approach ensures the production of high-
quality protein powder. (Table 1)    
 
2.5.2. Freeze-Drying (FD): Freeze drying, also known as 
lyophilization, is a method that solidifies proteins with 
minimum structural damage. This method involves 
freezing, primary, and secondary drying stages. Faster 
reconstitution is facilitated by amorphic and disordered 
states. Freeze drying produces porous particles that have 
better solubility compared to other methods. This method 
ensures the production of high-quality protein powder 
with preserved quality and faster reconstitution. 
 
2.6. Other Drying Methods    
2.6.1. Spray-Freeze Drying: Yields light and porous 
structures, maintaining spherical droplet shapes [24]. 
 
2.6.2. Oven Drying: Less expensive but results in longer 
residence time and wrinkled-shaped particles [25].  
 
Other Techniques (MW, supercritical anti-solvent, 
fluidized bed) 

Effects on functional and physicochemical properties 
vary. Superfine grinding post-drying improves surface 
properties of protein particles. Understanding the 
intricate interplay of extraction, drying, and processing 
methods is crucial for producing high-quality Protein 
Powders with desirable functional and physicochemical 
attributes. Diverse techniques offer unique advantages, 
but careful optimization is essential to meet specific 
application requirements and consumer expectations 
[26].    

2.7. Protein powders in food formulation   
2.7.1. Functional properties and molecular structure: 
The use of protein powders in food formulations is 
dependent on their functional properties such as 
viscosity, gelation, and foaming. These properties are 
linked to the molecular structure and composition of the 
proteins. Furthermore, interactions between proteins and 
other ingredients can significantly influence the 
performance of these proteins across the food supply 
chain. Understanding these interactions is crucial for 
optimizing the use of protein powders in various food 
products [27].  
 

2.7.2. Factors affecting protein functionality: The major 
influencers in the use of protein powders in food 
formulations are composition, processing methods, 
additives, pH values, and the food environment. These 
factors significantly impact the functional properties of 
the proteins and their interactions with other ingredients, 
thereby influencing their performance across the food 
supply chain [28] 
 
2.7.3. Factor affecting the properties of protein powder: 
Solubility is influenced by factors such as particle size, 
surface properties, pH, temperature, solvent dielectric 
constant, and salt concentration. These factors are 
essential for liquid or semi-liquid foods as they impact 
characteristics such as rheological, hydrodynamic, and 
surface activity [29]. Foaming capacity and stability are 
crucial for creating cohesive films and retaining foam over 
time. Emulsifying activity, capacity, and stability are vital 
for effective emulsification and resistance to structural 
changes. High oil and water absorption capacities 
enhance texture, mouthfeel, and flavor retention. These 
factors collectively contribute to the overall quality of 
food products.  
 
Thermal properties, including glass transition, 
denaturation, and heat stability, characterize 
temperature-induced conformational changes [30], 
Particle and powder properties, such as bulk density, 
flow, and size distribution, affect functionality and 
technological performance. The size varies from 10 to 900 
μm, with nanosized particles being used for specific 
applications. These properties are critical in determining 
the performance and application of food products. 
Moisture adsorption affects molecular properties and 
storage stability. Water content is crucial for quality 
attributes like storage stability, shelf-life, taste, and 
nutritive value. These factors are important in 
maintaining the quality and longevity of food products. 
High-pressure homogenization enhances the water 
solubility and emulsifying properties of myofibrillar 
protein powder (PP). Drying methods, such as spray 
drying (SD), freeze-drying (FD), and oven drying, impact 
the structural characteristics, solubility, and absorption 
capacities. These processes are important in modifying 
the properties and improving the functionality of food 
products. In summary, the multifaceted quality attributes 
of Protein Powders underscore the need for precise 
control over factors influencing their functionality. The 
interplay of molecular structure, processing methods, and 
storage conditions significantly impacts their suitability 
for diverse food formulations. Understanding these 
nuances is paramount for optimizing protein 
functionality across various applications in the food 
industry.        

3. Hybrid Protein (concept and scope)    

The term hybrid protein has different meanings and 
scope in different fields. Some examples have been 
discussed below.  

3.1. Molecular biology and Biochemistry 

The term “hybrid protein” is often used in the field of 
molecular biology and biochemistry. It refers to a 
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complex of two or more polypeptide sequences or 
fragments thereof which would not normally be 
associated. These hybrid proteins are used in study of 
protein targeting. Their more comprehensive definition 
would be, “A hybrid protein is a complex of two or more 
polypeptide sequences or fragments thereof which would 
not normally be associated but are coupled together 
either by fusing the genes which encode them (gene 
fusions) or by chemically cross-linking the purified 
component parts” [31].  

These hybrid proteins are used in study of protein 
targeting.    

3.2. Computational chemistry and 
Bioinformatics 

There is a tool called PMX that can generate hybrid 
protein structure and topology for alchemical molecular 
dynamics based free energy calculations. This tool is 
compatible with the Gromacs molecular dynamics 
simulation software [32].   
 
The alchemical molecular dynamics based free energy 
calculations are performed in the field of computational 
chemistry and bioinformatics. These calculations are 
used to predict the free energy change due to a mutation 
that could have a deleterious or a stabilizing effect on 
either the protein itself or its binding affinity to another 
protein. This can be particularly useful in drug design and 
understanding disease mechanisms [33].     

3.3. Molecular biology and Medical biology 

The two hybrid screening techniques, which include yeast 
two-hybrid systems and bacterial two-hybrid systems, are 
commonly used for the discovery of protein-protein 
interactions (PPIs) and protein-DNA interactions [34].     

3.4. Food Science and technology    

The current study, situated within the field of food science 
and technology, proposes the development of hybrid 
protein powder by first isolating proteins from plant and 
animal sources, and then binding their amino acids by the 
act of crosslinking. This powder could serve as a cost-
effective, sustainable, and eco-friendly source of protein, 
functioning as a functional food to enhance muscle 
growth, development, and strength. It may be particularly 
beneficial for various physical activities such as aerobic 
sports, athletics, bodybuilding, and weightlifting. 

Multiple methods exist for creating complexes of 
intermingled or crosslinked amino acids from two 
different proteins, resulting in the formation of novel 
hybrid proteins with distinct capabilities. Some of these 
methods are discussed in Section 4. 

4. Comprehensive insight into protein 

crosslinking     

The creation of one or more covalent connections 
between amino acid residues is known as protein cross-
linking, and it causes various peptides and proteins to 
associate with one another and form protein networks. 
Generally speaking, three kinds of crosslinks can form: 
Blind end-links are peptides that have been altered by a 
crosslinker but are not connected to another peptide 

because one of the functional groups is still inactive. 
Intrapeptide crosslinks are crosslinks within the same 
subunit of a protein complex, while interpeptide 
crosslinks are crosslinks between different subunits of a 
protein complex or different proteins [35].  

 The physicochemical characteristics and functions of the 
newly formed assemblies are frequently different from 
those of the non-crosslinked versions. Food processing, 
textile science, tissue engineering, and medicinal 
research are among the many fields of study that are 
currently very interested in protein-protein crosslinks 
[36].  

4.1. Types of protein crosslinking 
4.1.1. Physical cross-linking: Non-covalent connections 
that form during processing, such as ionic, hydrogen, and 
hydrophobic interactions, lead to physical cross-linking. 
Using physical techniques like high pressure, mechanical 
cooling, or heating, crosslinking is accomplished in food 
products. These physical adjustments can be made in 
conjunction with other modification procedures and are 
safe. Furthermore, cross-linking between proteins and 
polyphenols is caused by covalent or non-covalent 
connections like hydrogen bonding and hydrophobic 
interactions. However, because of their strength and 
long-lasting interactions, conjugates made with covalent 
bonds are preferred by food makers due to their superior 
stability [37].  
 
Cold-setting emulsion gels are frequently created via 
ionic cross-linking. This technique involves heating the 
protein solution over the globular protein's heat 
denaturation temperature while preventing protein 
aggregation. Strong electrostatic repulsion between 
protein molecules results from certain conditions, such as 
pH and ionic strength. A change in solution conditions or 
the addition of a cross-linking agent that lessens 
electrostatic repulsion causes the unfolded proteins to 
cross-link. The protein molecules consequently attach to 
one another to create a gel network, which expands the 
system's volume [38]. According to earlier research, 
protein solutions can be acidified with monovalent 
cations like Na+ or with divalent cations like Mg2+ to 
create cold-setting gels. These methods increase the 
mechanical qualities of gels by forming physical 
crosslinks between protein molecules [39].  
 
The Maillard reaction, commonly referred to as non-
enzymatic glycation, can cause proteins to cross-link. The 
flavours, colours, textures, and scents connected to food 
browning are altered by this chemical reaction [40]. A 
condensation event between amine groups in protein 
molecules and carbonyl groups in reducing sugar 
molecules during the earliest phases of the Maillard 
reaction produces several Amadori products. 
Furthermore, it has been reported that a range of 
polymerised compounds can be produced during the 
intermediate and advanced stages through the creation of 
reactive intermediates like sugar-derived dicarbonyl 
compounds. Protein molecules become less soluble as a 
result of the Maillard reaction, which also causes covalent 
connections to form between them. This alters the gel's 
ability to retain water and its rheological characteristics 
[41].     
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Another processing-induced protein modification that 
can happen in food protein systems is protein cross-
linking through the dehydroalanine (DHA) pathway; 
however, unlike the Maillard reaction, this activity does 
not require the presence of sugar. Alkaline conditions and 
heat treatment cause it. First, a β-elimination process 
forms cysteine, serine (including glycoserine and 
phosphoserine), or cysteine on DHA [42]. Protein cross-
links lysinoalanine (LAL), lanthionine (LAN), and 
histidinoalanine can be created when the alkene DHA 
further reacts via Michael addition with either lysine, 
cysteine, or histidine residues in proteins and peptides. 
Physical crosslinking is frequently accomplished via heat 
treatment.         

4.1.2. Chemical crosslinking: A cross-linking agent must 
be added for chemical cross-linking to occur. Strong 
binding sites are typically produced by this kind of cross-
linking using covalent bonds [43]. Covalent links between 
proteins can be created using a broad range of chemical 
substances. Bifunctional chemical substances are known 
as chemical crosslinking molecules [44]. 

Reactivity complementary to a particular functional 
group in amino acid residues, such as primary amines, 
carboxyl groups, or sulfhydryl groups, is referred to as a 
cross-linking agent. These include monofunctional 
crosslinkers like formaldehyde, which only have one 
reactive group, and bifunctional chemical crosslinkers 
like glutaraldehyde, which carry two reactive groups to 
target protein locations. Certain chemical agents are 
selective for amino acid residues, whereas others can 
target a wide variety of functional groups. From simple 
protein-protein interaction research to histochemical and 
microscopic applications, chemical crosslinkers have 
several uses [45]. Due to their ability to react with primary 
amines and create both intra- and inter-crosslinking in 
polymer chains, aldehydes are generally utilised 
extensively. Research that employs genipin as a cross-
linking agent can be categorised under this heading. 
Genipin is a naturally occurring chemical that causes 
lysine and arginine to react, giving the resultant material 
a distinctive bluish hue [46].  

Genipin, tannic acid, nordihydroguaiaretic acid, 
procyanidins, and citric acid are examples of natural 
chemical crosslinkers. The N-terminal/epsilon amino 
group of lysine side chains in proteins is where genipin 
reacts with primary amines. Additionally, it coats the 
protein with chitosan nanoparticles after cross-linking 
ovalbumin [47].  

4.1.3 Enzymatic cross-linking: Enzymatic cross-linking 
agents, as opposed to chemical ones, have been used in 
food processing to alter the structure of foods in order to 
increase their shelf life and alter its texture, look, and 
flavour. Enzymes are an appealing technique that has 
drawn a lot of attention due to their selectivity and 
typically moderate response circumstances. Compared to 
chemical crosslinkers, enzymes are seen to be more 
"natural" [48].  

 
According to the enzymatic mechanisms, two types of 
cross-linking reactions can be identified: enzyme-
mediated covalent linkage via reactive species that are 

enzymatically generated by oxidoreductases such as 
laccase, tyrosinase, and peroxidase, which then react with 
proteins to form protein networks, and direct covalent 
linkage catalysed by transferases such as 
transglutaminase via protein enzyme-thioester 
intermediates [49].  
 
Protein and polysaccharide molecules can be cross-linked 
by enzymatic technology, and the resulting protein-
polysaccharide conjugate has higher solubility and 
frequently better functional qualities like better gelling 
and stronger emulsifying ability [50].  
 
Research on transglutaminase enzymes (EC 2.3.2.13, 
TG), also known as glutaminyl peptide-amine γ-glutamyl 
transferases, has demonstrated their role in protein 
cross-linking. TG enzymes are members of the 
acyltransferase family, which aids in a certain chemical 
reaction. In this process, glutamine and lysine, two amino 
acids that are components of proteins or peptides, form a 
covalent connection. An intramolecular or intermolecular 
interaction forms this connection, which is known as an 
ε-(γ-glutamine)-lysine isopeptide bond. In this enzymatic 
reaction, glutamine served as the acyl donor and lysine as 
the acyl acceptor in an acyl transfer reaction. Because of 
its side chain accessibility, which is dependent on the 
protein's structural conformation, it was found that the 
TG enzyme might catalyse the crosslinking of lysine and 
glutamine [51].  
 
Because laccase-mediated cross-linking can drastically 
alter dietary qualities, it has been the subject of much 
research in the past. It is evident that laccases greatly 
increase emulsion stability in an alkaline environment. 
Cross-linking between laccase and tiny reactive phenolic 
chemicals found in the globular protein also affects 
system characteristics including colour and solubility 
[52].  
 
Monophenol-odiphenol oxygen oxidoreductase (EC 
1.14.18.1), another name for tyrosinase, is typically found 
in microbes, plants, animals, and even people. Food items 
can benefit from tyrosinase-mediated cross-linking in a 
number of ways, including enhanced antioxidant and 
antibacterial activity, increased stability of emulsions or 
nanoparticles, pepsin resistance, improved water 
retention, and increased mechanical strength of gels [53]. 
Furthermore, there is no environmental contamination as 
a result of this cross-linking. Tyrosinases can effectively 
cross-link low-complexity dietary proteins, but they are 
unable to catalyse reactions with complex or folded 
proteins. Consequently, a low molecular weight substance 
is introduced as a mediator in these processes, such as 
phenol or caffeic acid.    
 
The oxidoreductase group of enzymes, which includes 
peroxidases (EC 1.11.1.x), is present in plant, animal, and 
microbial cells [54]. A peroxidase-catalyzed reaction that 
depends on the availability of the co-substrate H2O2 is 
one of the main benefits that make horseradish 
peroxidase (HRP) preferred in the food business. 
Compared to the dissolved oxygen concentration in this 
reaction, the H2O2 concentration is easier to control. By 
altering the H2O2 concentration and time, this aids in 
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regulating the cross-linking. Furthermore, the cross-
linking of HRP by horseradish peroxidase improves the 
stability of the emulsions, the antibacterial and 
antioxidant properties, and the complex's thermal 
sensitivity [55].  

4.2. Applications of protein crosslinking 

The food industry frequently uses protein cross-linking to 
alter the texture, stability, and sensory qualities of food 
items. Understanding the cross-linking agent's structure 
and mechanism of action is crucial for its use in practical 
applications including food processing and illness 
treatment [56].  
The meat processing industry has seen a significant 
increase in the commercial significance of value-added 
meat in recent years. Crosslinking techniques are being 
researched as a result of consumer desire for a high-
quality, reasonably priced product. By giving the low-
value flesh more value, these techniques aid in the 
effective utilisation of the carcass. This method, which 
entails glueing meat parts together, is referred to as 
restructure [57]. Commercially, a variety of crosslinking 
agents are used to enhance the texture of meat and meat 
products. In chicken myofibrillar protein, cross-linking 
facilitated by recombinant microbial transglutaminase 
(MTG) produced from the Pichia pastoris GS115 strain 
demonstrated enhanced adhesion, chewiness, and 
hardness [58]. MTG can cross-link actin, myofibrillar 
protein myosin heavy chain, β-conglycinin subunits, and 
acidic soy protein component subunits. Adding TG to 
caiman steaks could enhance their textural qualities and 
cooking yield without changing their flavour or colour. In 
order to lower salt content without sacrificing sensory 
qualities, they suggested using TG and MgCl2 together 
[59].      
 
Enzymatic cross-linking is used to produce yoghurt, 
which eliminates the need for stabilisers and non-fat 
solids or lowers the solids' concentration without altering 
the product's texture. The use of TG with milk gels 
produced by chemical acidification and yoghurt starting 
culture has been studied by numerous researchers [60]. 
Using Zea mays TG generated from Pichia pastoris GS115, 
enzyme-mediated cross-linking produced yoghurt with a 
stronger acid gel, higher consistency, cohesiveness, 
viscosity index, and perceived viscosity [61]. Yoghurt 
stability in terms of pH, viscosity, and water-holding 
capacity was improved by enhancing kappa-casein and 
alpha-lactalbumin crosslinking with TG treatment. 
According to reports, the effect became more noticeable 
as the TG content increased.    
 
Bread made with red rice flour and cassava flour, TG, and 
chitosan at concentrations of 0, 1, and 2%, respectively, 
exhibited a lighter brown colour because to low specific 
volumes and an incomplete Maillard reaction. 
Furthermore, TG created isopeptide linkages, particularly 
in the gluten portion, which resulted in the development 
of protein aggregates that enhanced the structural 
integrity of bread [62]. The manufacture of flavoured 
bread with a longer shelf life was made possible by the 
positive synergistic action of TG and yeast [63].     
 
Because laccase-mediated protein cross-linking greatly 

boosted the dough's elastic and viscous modulus, laccase 
was used to reduce thiols and total phenols by up to 28% 
and 93%, respectively. The impact of Trametes maximum 
CU1 laccase on bread's physicochemical quality was also 
assessed, and it was effectively applied to increase bread's 
height, hardness, and weight loss [64]. Since disulphide 
linkages have been seen in the egg yolk and egg white 
noodles, natural cross-linking in noodles has also been 
documented. This leads to protein cross-linking and 
enhanced functionality [65].  
 
Additionally, laccase encourages the creation of protein 
networks during the cheese and bread-making process, 
which raises the yield, increases the antioxidant activity, 
decreases the hardness and chewability, and increases the 
elastic and viscous modulus [66]. Tyrosinase enhances 
droplet size distribution, rheological behaviour, emulsion 
stabilisation, and protein network formation [67]. Similar 
to this, peroxidase helps create a protein network, which 
raises the storage modulus and gel strength [68].  
 
The study found that a variety of enzymes and 
constituents can change the cross-linking and bonding of 
the gluten protein, hence influencing its characteristics 
and network development. This results in safer products 
by altering the way the gluten functions [69]. Studies 
show that using transglutaminase, laccase, tyrosinase, or 
peroxidase to crosslink potato protein alters the protein's 
structural, thermal, and gel characteristics to varied 
degrees. The secondary structural alterations in enzyme-
treated proteins are validated by FTIR spectra [70]. 
Higher stability, increased β-sheet, antiparallel β-sheet, 
and β-helix content, and a considerable decrease in 
random coiling are all results of the enzymatic changes. 
The crystalline peaks of potato protein are unaffected by 
enzyme treatment [71]. Overall, protein cross-linking 
provides flexible solutions for modifying protein-based 
materials and creating innovative products with 
enhanced properties for various industrial applications.   

5.  Selection of Animal & Plant Protein based on 

Nutritional value (BCAAs) for the development of 

hybrid protein    

Now that the concept of hybrid protein formulation in the 
field of food science and technology—particularly through 
amino acid crosslinking—and its benefits have been 
comprehensively understood, it is important to recognize 
that proteins for novel hybrid formation cannot be 
selected at random. Instead, several factors must be 
considered, one of the most critical being the nutritional 
properties of the selected protein. This includes choosing 
proteins with a high content of essential amino acids and 
a strong Protein Digestibility Corrected Amino Acid Score 
(PDCAAS). Among these, the three branched-chain 
amino acids (BCAAs) are especially valuable for 
promoting muscle growth, development, and strength. 

5.1. Essential amino acids (EAA) 

Among the amino acids essential amino acids are of prime 
importance for human body. The efficacy of essential 
amino acid supplementation has been studied as a 
strategy to increase dietary protein intake and improve 
muscle mass, strength, and function in older adults. A 
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sufficient daily protein intake which ensures presence of 
these amino acids is widely recognized to be fundamental 
for the successful management of sarcopenia, particularly 
in older undernourished adults [72].  

 
The rise in essential amino acid (EAA) concentrations 
after protein ingestion influences muscle protein 
synthesis rates. The EAA content and amino acid (AA) 
composition of the protein source affect this response. 
Plant-based proteins often have lower EAA contents and 
lack sufficient leucine, lysine, and/or methionine, which 
may result in a lower anabolic capacity compared to 
animal-based proteins. A comparison of EAA contents 
and AA composition of various plant and animal-based 
proteins, as well as human skeletal muscle protein, 
revealed significant differences. For instance, plant-based 
proteins like oat, lupin, and wheat had lower EAA 
contents (21-22%) than animal-based proteins (whey 
43%, milk 39%, casein 34%, and egg 32%) and muscle 
protein (38%). AA profiles also varied among plant-based 
proteins, with leucine contents ranging from 5.1% (hemp) 
to 13.5% (corn), compared to 9.0% (milk), 7.0% (egg), and 
7.6% (muscle protein).  
 
Methionine and lysine were typically lower in plant-based 
proteins compared with animal-based proteins and 
muscle proteins. In conclusion, there are large differences 
in EAA contents and AA composition between various 
plant-based protein isolates. However, combinations of 
various plant-based protein isolates or blends of animal 
and plant-based proteins can provide protein 
characteristics that closely reflect the typical 
characteristics of animal-based proteins [73]. The 
important EAAs are the BCAAs, which include leucine, 
isoleucine, and valine. At molecular level, these three 
amino acids are branched in structure instead of being 
linear. They are critical for skeletal, muscle and whole-
body anabolism and energy homeostasis. They also serve 
as signalling molecules, for example, being able to 
activate mammalian/mechanistic target of rapamycin 
complex 1 (Mtorc1), which has implications for 
macronutrient metabolism. The proteins containing 
these three amino acids are used for building muscle 
mass.  

It is also reported that the branched-chain amino acids 
(BCAAs) play a crucial role in skeletal muscle and whole-
body anabolism, energy homeostasis, and macronutrient 
metabolism. Beyond their function as protein synthesis 
substrates, BCAAs act as signalling molecules, activating 
mTORC1, a key kinase complex essential for promoting 
and maintaining muscle mass. BCAAs also have roles in 
suppressing proteolysis, promoting glucose transport, 
regulating body weight, and contributing to cholesterol 
synthesis.    

5.2. L-Leucine 

L-Leucine is a very important essential amino acid. 
Among the branched chain amino acids L-Leucine is the 
one which actually plays the role in the synthesis of 
protein [74]. It, upon facilitation with the activation of the 
mammalian/mechanistic target of rapamycin complex 1 
(mTORC1 - a serine/threonine kinase complex), exerts a 
significant influence in the augmentation and 

preservation of muscle mass. It is imperative to 
underscore that the initiation of mTORC1 activation is 
intrinsically precipitated by the dietary incorporation of 
leucine and other branched-chain amino acids [75]. The 
study simplifies the role of leucine as follows: Leucine can 
activate crucial signalling proteins that are part of the 
protein kinase B-mammalian target of rapamycin 
(mTOR) pathway. This pathway is responsible for 
initiating translation, a critical process in protein 
synthesis. The remaining two amino acids (Isoleucine and 
Valine) do not have an actual role in this process [76].  

Figure 2: Percentage of Leucine in Different food groups 
on the Weight/Weight basis [77] 
 
The major functions that L-Leucine plays in the body are 
the following.  

1. Muscle building 
2. Muscle strength 
3. Athletic performance (endurance/agility) 
4. Blood sugar control 
5. Wound healing 
6. Cognitive functioning  

It is important to note that the amount of leucine can 
influence muscle protein synthesis, with approximately 3 
to 4g of leucine per serving needed to promote maximal 
protein synthesis [78]. Overconsumption of Leucine or 
other branched-chain amino acids (BCAAs) is also not 
good, as it can lead to adverse effects. This is due to the 
elevation of circulating levels of BCAAs and their 
ketoacids, coupled with impaired catabolism of these 
amino acids. These factors are implicated in the onset of 
insulin resistance and its associated conditions, including 
type 2 diabetes, cardiovascular disease, and certain types 
of cancer [79].    
 
5.3. Sources of Leucine 

Wheat protein, soy protein, egg protein and whey protein 
contain 6.8%, 8.0%, 8.8% and 10.9% leucine, 
respectively. According to the study of [80], hemp 
contains 5.1% leucine, while muscle protein, milk protein 
and corn protein contain 7.6%, 9.0%, and 13.5% leucine, 
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respectively. According to a study, a 3-ounce (85-gram) 
chicken breast and a 3-ounce beef contain 1.5 grams of 
leucine each.  This means both of these meats contain 
1.76% leucine. According to the study of [81], rice protein 
and pea protein contain 5.8% and 5.7% leucine, 
respectively. From Figure 2, it is clear that among animal 
proteins, whey protein has the highest content of leucine, 
and among plant proteins, corn protein has the highest 
concentration of this essential branched-chain amino 
acid. Thus, these two proteins can be combined to create 
a hybrid protein.       
   

6. Corn Protein 

6.1. Introduction to corn protein 
Corn proteins, predominantly consisting of zeins, make 
up over 60% of the total proteins in whole grain and 70% 
in the endosperm. These zeins, categorised into α, β, and 
γ divisions, are prolamins and storage proteins that reside 
within spherical structures known as protein bodies [82]. 

On the other hand, corn protein derived from the germ 

part of the corn structure, which comprises about 11% of 
the total weight of normal dent corn, contains 18-22% 
crude protein (dry basis). This accounts for about 29% of 
the total protein in whole corn. More than 60% of these 
proteins are the water-soluble albumins and saline-
soluble globulins, which have a highly desirable amino 
acid balance, providing a better nutritional value to the 
germ protein than endosperm protein. Interestingly, 
these albumins and globulins are also known to have 
functional properties superior to those of the alcohol-
soluble prolamins and dilute alkali-soluble glutelins, 
which are the predominant storage proteins in the 
endosperm. This highlights the diverse and complex 
nature of corn proteins and their potential nutritional and 
functional benefits [83] 
 
6.2. Functional Properties of corn protein 

Corn protein has several functional properties that make 
it valuable ingredient in food products [84]. These 
properties have been discussed in detail in Table 1.      

Table 1: Functional Properties of Corn Proteins.       
Property Description 
Protein Solubility Corn protein exhibits good solubility, which is an important property for its use in food systems. 

For instance, purple corn protein concentrate (PCPC25 and PCPC35) presented a protein 
solubility of 59.43% at pH 8.0. 

Water and Oil 
absorption 

Corn protein can absorb water and oil. This property is beneficial in food formulations as it can 
improve the texture and mouthfeel of the product. PCPC25 showed a water absorption capacity 
of 27.77% and an oil absorption capacity of 24.94%. 

Antioxidant 
activity 

Corn protein also exhibits antioxidant activity, which can contribute to the shelf-life and 
nutritional value of food products. PCPC25 and PCPC35 showed high values of antioxidant 
activity. 

Emulsifying 
Capacity 

Corn protein has been found to have good emulsifying properties, making it useful in products 
like salad dressings and mayonnaise. 

Foaming Capacity 
and Stability 

Corn protein can form and stabilize foams, which is important in products like meringues and 
whipped toppings.  

Heat 
Coagulability and 
Gelation 

Corn protein can coagulate and form gels upon heating, which is a crucial property in products 
like custards and certain types of sausages.  

Multifaceted 
health benefits 

Corn peptides have demonstrated a variety of functions both in vitro and in vivo, including 
antihypertensive, hepatoprotective, anti-obesity, antimicrobial, antioxidative, mineral-binding, 
and alcohol metabolism acceleration properties. As of now, 22 bioactive corn peptide sequences 
have been recognized. 

 

7. Whey Protein 

7.1. Introduction to whey protein 

Whey protein, often referred to as WP, denotes the group 
of proteins that are water-soluble and derived from dairy 
milk. Supplements of whey protein, specifically those 
with a protein concentration of over 80% (known as WPC 
80) or over 90% (referred to as WPI 90), here WPC stands 
for whey protein concentrates and WPI stands for whey 
protein isolates. They have gained popularity. They are 
particularly favored by athletes and individuals who are 
keen on building muscle mass [85].  

7.2. Functional Properties of Whey Protein 

 

Whey protein has various functional properties that make 
it useful for food applications, such as solubility, gelation, 
water and fat binding, emulsification, foaming, and 
antioxidant activity. Whey protein can be modified by 
different processing methods, such as hydrolysis, cross-
linking, glycation, and nanoencapsulation, to enhance its 
bioactivity and functionality. Moreover, they can be used 
as an active food ingredient in the production of 
functional foods, such as beverages, dairy products, meat 
products, bakery products, and edible and active 
packaging [86]. Further details are discussed in Table 2.  

 

Table 2: Functional Properties of Whey Proteins. 
Property Description Reference  
Solubility Whey proteins have excellent solubility but increasing temperature can [87] 
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decrease the solubility of whey proteins, particularly at their isoelectric 
points (pH 4.5) and at near neutral pH (6.8) 
This property of whey protein is required in frozen desserts, confectionary, 
bakery, whipped toppings, processed meats, and coffee whitener industries  

Water binding  In sauces and soups, water-binding and acid solubility capabilities are 
improved because of addition of whey proteins during the operation of 
thermal processing. This enhancement contributes to the consistency and 
flavor profile of these food items, making them more appealing to 
consumers. 

[88] 

Aeration In confectionery and bakery products such as bread, biscuits, and cakes, 
whey protein can enhance the aeration in product structure. This 
improvement contributes to the texture and mouthfeel of these baked goods, 
making them more enjoyable to consumers. 

Texture 
providing 

Whey protein provides texture to various foods. Dairy products such as 
yogurt, ice cream, and milk drink can have skim milk powder replaced by 
demineralized lactose-free whey powder. This replacement provides a 
desirable body and mouthfeel of milk products. This substitution can 
enhance the sensory attributes of these dairy products while catering to 
those with lactose intolerance. 

[89, 90] 

Gel Formation 
(gelation) 

In meat, seafood, comminuted meat, and fish products, the properties of 
gelation, and hydrophilicity are improved with the use of whey protein. This 
enhancement contributes to the texture, stability, and overall quality of these 
food products, making them more appealing to consumers. 
Whey proteins forms firm gels when heated above 70°C. The gelation of 
WOC is also pH-dependent. At alkaline pH, firm gels are formed, primarily 
due to the aggregation of β-lactoglobulin, a protein that aggregates under 
both acidic and alkaline conditions. α-lactalbumin, another protein in WPC, 
does not aggregate at pH levels above 7 but forms aggregates under acidic 
conditions. The denaturation of α-lactalbumin at neutral pH increases the 
viscosity, while the denaturation of β-lactoglobulin results in gel formation. 
The absence of NaCl is conducive to the formation of firm WPC gels, 
indicating that NaCl may disrupt protein-protein interactions necessary for 
gel formation. 
They have better gelling properties as compared to casein. This property of 
whey protein finds application in confectionary, bakery, and processed 
meats  

[91, 92] 

Emulsification A concentration of whey protein above 2% is required for stable emulsion 
formation. Optimal creaming stability, viscosity, and protein adsorption 
occur at pH 5. Adsorption of α-lactalbumin increases and β-lactoglobulin 
decreases as pH decreases to 5 or 3. Sugar ester, monostearate, and lecithin 
reduce creaming stability. The emulsion is heat-stable without salt but gels 
when heated with CaCl2. Among whey proteins β-lactoglobulin, 
immunoglobulin, and lactoferrin adsorb selectively at pH 7. Electrostatic 
nature and protein conformation are crucial for adsorption. 
Whey proteins have limited gelling properties as compared to casein 
proteins. This property of whey protein has its applications in frozen 
desserts, confectionary, processed meats, and coffee whitener industries 
In meat, seafood, comminuted meat, and fish products, whey protein 
enhances the properties of emulsification, and hydrophilicity. This 
improvement aids in the texture, stability, and overall quality of these food 
items, increasing their appeal to consumers. 

[93] 

Foaming The foamability of WPI at pH 5 is increased, but the foam stability only 
increases at pH 7. Heat treatment increases the foaming properties of WPI 
at pH 7 
This property of whey protein is required in frozen desserts, confectionary, 
bakery, and whipped toppings whitener industries  

[94] 

Adhesion Due to their compact globular structures and low molecular weights, native 
whey proteins do not possess strong adhesive properties. However, when 
subjected to heat, these globular structures can unfold, leading to the 
formation of polymers or aggregates through intermolecular disulphide 
bonds via a thiol–disulphide interchange. This heat-induced transformation 
allows whey protein polymers to exhibit improved adhesive properties 

[95] 
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This property of whey protein has its applications in bakery and processed 
meat industries 

Flavoring and 
coloring agent  

Sugar confectionery products such as lollipops, toffees, candies, caramels, 
chocolate, and cotton candy have their color and flavor increased by 
interacting with amino acids present and lactose present in the whey proteins 
during heat processing under Maillard reactions. This process enhances the 
sensory appeal of these confectionery items, making them more enjoyable to 
consumers. 

[96] 

Flavor binding Among the milk proteins the whey protein has exhibited the capability to 
bind different lipophilic compounds including the flavors.  
This property has its application in the processed meat industry  

[97, 98] 

Fat and Water 
Binding 

Whey proteins being hygroscopic can bind water and fat present in the food. 
This capability of whey proteins can have applications in various edibles. For 
example in a study Whey protein isolates (WPI) were used for the creation of 
bread. The results showed that WPI because of their good water and fat 
binding property improved dough stability and enhanced the farinographic 
quality. However, dough development time was also prolonged.  

[99] 

Bioactive 
properties 

Whey proteins are rich in bioactive peptides, possessing antioxidant, 
antihypertensive, and antimicrobial activities. These properties confer 
several health benefits when ingested 

[100] 

Nutritional 
and 
Nutraceutical 
properties  

Whey proteins act as nutraceuticals and provide many health benefits due to 
the presence of significant bioactive proteins such as lactoperoxidase, 
lysozyme, lactoferrin, and numerous growth factors. These components 
collectively contribute to the health-promoting properties of whey products. 
 
Whey protein is used in infant formula to simulate human milk, providing 
nutritional benefits. This modification helps to closely mimic the nutritional 
profile of human milk, offering a suitable alternative for infants who cannot 
be breastfed. This is crucial in ensuring the healthy growth and development 
of infants. 
With whey protein, the bioavailability of salts like calcium and zinc is 
improved, and essential vitamins are provided in diets. This is particularly 
beneficial in dietetic foods for the elderly, helping to meet their specific 
nutritional needs and support their overall health. This is a key consideration 
in the formulation of dietary products for older adults. 
Whey proteins are used in dietetic foods for weight management. A satiety-
enhancing dietetic diet with a high protein, low-fat content, and an ideal 
amino acid composition is developed. This formulation aids in weight 
management by promoting feelings of fullness and providing essential 
nutrients, making it a beneficial choice for those seeking to manage their 
weight effectively. 

[101, 102] 

 
7.3. Tolerance of Whey and Corn protein (on the 
basis of Self-reported GI complaints) 
Tolerance of whey protein and corn protein was checked 
by checking the stool type and frequency of stool of 
participants. Their feelings of bloating, belching, 
flatulence, nausea, diarrhea and constipation was also 
checked. All the participants had stable stool type and 
frequency and they fitted in a healthy stool pattern. 
Barebones of the study is that the consumption of 40 
gram of either protein (Whey or corn) for the duration of 
one week has not any impact on gastrointestinal track and 
these proteins are totally tolerable for human body. 
(Table 3) 
 
Table 3: Comparison of sweet whey and acid whey.      

Components Sweet Whey Acid Whey 
Protein (g/l) 6-10 6-8 
Lactose (g/l) 46-52 44-46 
Minerals (g/l) 2.5-4.7 4.3-7.2 
pH >5.6 <5.6 

7.4. Bioavailability of Whey and Corn protein 

The quality of dietary protein is defined in part by its 
capacity to provide amino acids (AA) and especially the 
essential amino acids (EAA). A study demonstrated that 
total amino acid (TAA) uptake for corn protein was 61% 
compared to that of whey protein. For total essential 
amino acids (TEAA), this was 51% for corn protein when 
compared to whey protein.     

8. Reasons for adding corn protein       

From the above discussion, it is clear that whey protein 
has greater bioavailability as compared to the Corn 
protein. The question that normally arises in the mind of 
an average man is that if whey protein is qualitatively 
better than corn protein, then why are we moving towards 
the addition of corn protein into it? Well, there are three 
reasons.      

8.1. Challenges with whey protein 

Whey protein extraction has several dilemmas and 
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predicaments. These challenges such as high cost, low 
extraction yield and negative environmental impacts have 
been discussed below. 
The whey protein is extremely expensive and commonly 
unaffordable for a layman. For example 
The Protein Works Whey Protein 80 - 500 g (1.1 lbs) - 
Chocolate Silk: Rs. 5,4991 
The Protein Works Whey Protein 80 - 1 kg (2.2 lbs) - 
Chocolate Silk: Rs. 9,2991 
The Protein Works Whey Protein 80 - 2 kg (4.4 lbs) - 
Chocolate Silk: Rs. 16,4991 
Nitro Tech Lean Muscle Builder 4lbs Milk Chocolate - 
New Series Whey Peptides: Rs. 21,9991 
Mass Tech Mass Gainer Protein Powder, Build Muscle 
Size & Strength with High-Density Clean Calories, 
Chocolate, 6Lbs: Rs. 17,9991 (Dazraz)     
Only miniscule number of proteins are extracted from a 
large quantity of whey. For example, it is stated that only 
0.7% proteins (beta-lactoglobulin (BLG), alpha-
lactalbumin (ALA), bovine serum albumin (BSA) and 
immunoglobulins) are extracted from whey on the basis 
of Weight/Volume from the total volume of Whey. Whey 
is obtained from the milk produced by the livestock. The 
overburden on livestock is causing very big menaces such 
as soil erosion, water contamination, deforestation, 
desertification, and the production of greenhouse gases, 
thereby contributing to global warming [103]. Hence the 
reliance on the animal food sources needs to be 
decreased.    

8.2. Benefits of Corn protein 

There are many benefits of corn protein such as cost-
effectiveness, high protein content, and environmental 
sustainability. The study of [104] discovered that corn in 
contrast to the whey contains about 10-15% proteins 
depending upon the type of variety.  
8.3. Global Market Potential of corn protein   
According to a report by Fortune business insights, global 
zein market (the major protein in corn) is about to be 
increased to 4760 million US dollars in year 2030. And 
the compound annual growth rate (CAGR) of zein protein 
will remain 7.3% during the year 2030. The report further 
says that the top producers of zein protein will be North 
America, Europe and Asia Pacific (which includes our 
Pakistan also). While discussing about Asia Pacific the 
report said that because of the rising awareness towards 
health benefits offered by plant-based ingredients and 
food products the demand for zein like products will be 
significantly boosted in the Asian Pacific Market [105]. 
Thus, Pakistan needs to exploit the potential of global 
market of zein protein and need to do its mass production 
and mass utilization in order to increase country’s 
revealed comparative advantage (RCA) of the protein 
(Table 4). 

Table 4: The typical composition (%) of major whey 
products.  

 Prote
in 

Lacto
se 

Fa
t 

As
h 

Moistu
re 

Whey 
powder 

11.0-
14.5 

63.0-
75.0 

1.0
-
1.5 

8.2
-
8.8 

3.5-5.0 

Deminerali
zed whey 

11.0-
15.0 

70.0-
80.0 

0.5
-

1.0
-

3.0-4.0 

1.8 7.0 
WPC 34 34.0-

36.0 
48.0-
52.0 

3.0
-
4.5 

6.5
-
8.0 

3.0-4.5 

WPC 60 60.0-
62.0 

25.0-
30.0 

1.0
-
7.0 

4.0
-
6.0 

3.0-5.0 

WPC 80 80.0-
82.0 

4.0-
8.0 

4.0
-
8.0 

3.0
-
4.0 

3.5-4.5 

WPI 90.0-
92.0 

0.5-1.0 0.5
-
1.0 

2.0
-
3.0 

4.5 

Permeated 
solids (food 
grade) 

3.0-
8.0 

65.0-
85.0 

<1.
5 

8.0
-
20.
0 

3.0-5.0 

 

9. Extraction Methods        

The detailed extraction methods of whey, whey protein 
(isolates and concentrates) and corn protein isolates have 
been discussed in this section.  

9. 1. Extraction method of Whey protein 

The steps for the extraction of whey protein are discussed 
below.  
 
9.1.1. Whey manufacturing: Whey, also known as milk 
serum, is a clear solution that is strained from milk curd 
coagulated by rennet or acid. It contains small molecules 
not involved in milk curdling and can be strained out. The 
primary components of whey solids are lactose, protein 
(mainly whey protein), and minerals. Whey liquid 
contains over 50% of whole milk solids, including the 
majority of minerals, and nearly all whey proteins and 
lactose. Depending on the method of coagulation, milk 
can result in different types of whey, generally categorized 
into sweet whey and acid whey [106]. It has a pH higher 
than 5.6 and is usually from cheese manufacturing 
(rennet coagulated) [107]. It has a pH below 5.6 and is 
from coagulation by fermentation or by adding acid [108]. 
Whey protein can be concentrated up to 80% of total 
solids via ultra-filtration technology. The most common 
WPC include WPC34, WPC60, and WPC80, which 
contain 34%, 60%, and 80% of protein, respectively 
[109]. With an additional step of micro-filtration, the 
protein content of WPC80 can be further concentrated to 
90% by removing extra fat, which is called WPI. WPC80 
and WPI can also be instantized for sport and adult 
protein supplements [110].  

The procedure for lab-scale microfiltration and 
ultrafiltration of whey involves several steps. The first 
step is to prepare the whey solution. Choose the 
appropriate membrane for filtration. Microfiltration 
membranes have pores on the order of 0.1 – 10 µm in size. 
Ultrafiltration membranes have smaller pores, on the 
order of 0.005 – 0.1 µm in size [111]. Set up the filtration 
system, which typically includes a feed tank, a pump to 
pressurize the system, the membrane module, and 
collection tanks for the permeate and retentate [112]. The 
operating conditions such as temperature and pressure 
need to be set. For instance, one study performed 

https://irjpl.org


Butt et al., 2025 
 

 

45 

ultrafiltration at temperatures ranging from 5 to 40°C 
and pressures from 1 to 3 bar (1 bar = 14.5038 psi) [113].  
Start the filtration process. The whey is pumped through 
the membrane module. The smaller molecules (like 
water, lactose, and minerals) pass through the membrane 
and are collected as permeate. The larger molecules (like 
proteins) are retained by the membrane and are collected 
as retentate [114]. The extracts are freeze-dried and 
stored at room conditions until further use. For whey 
protein specifically, the frozen samples are freeze-dried at 

−51 °C at a pressure <0.133 mBar for approximately 96 

hours. The most potent in vitro antioxidative whey 
protein hydrolysate (WPH) is generated using Alcalase® 
under free-fall pH conditions, followed by spray drying 
(SD), which has oxygen radical absorbance capacity and 
Trolox equivalent (TE) antioxidant capacity values of 1132 
and 686 µmol TE/g, respectively. These results 
demonstrate that both the hydrolysis and the drying 
process impact the biofunctional (antioxidant) activity of 
WPHs [115]. Analyze the results. This includes measuring 
the concentration of proteins in the retentate and the 
permeate and assessing the functional properties of the 
concentrated proteins [116].  

9.2. Extraction method of Corn protein 

The procedure for extraction of protein from corn is 
discussed below.  
 
9.2.1. Preparation of Corn: The first step is to prepare the 
corn for extraction. This can be done by milling the corn 
to obtain flour [117].  
 
9.2.2. Protein Extraction: Add an alkaline protease to the 
milled corn to prepare a corn digest. Then, add 6% (v/v) 
Bacillus subtilis to the corn digest, and ferment at 37°C 
for 18 hours to fully hydrolyze the corn protein [118].  
 
9.2.3. Sterilization: Sterilize the mixture to prepare the 
fermentation broth [119].  
 
9.2.4. Protein Separation: Protein extraction and 
separation processes can be classified into two main 
categories: dry fractionation and wet extraction 
processes. Wet extraction processes are the most 
common methods used to produce plant protein 
ingredients and include conventional processes such as 
alkaline extraction–isoelectric precipitation (AE-IP), salt 
extraction–dialysis (SED), and micellar precipitation 
(MP) [120].  
 
9.2.5 Protein Purification: After extraction, the protein 
needs to be purified. This can be done using various 
techniques such as chromatography or centrifugation. 
These steps are the bare bones and simplified 
information. The detailed depiction of the steps of the 
extraction of protein from corn is given in Figure 3.  

 
 
Figure 3: Corn protein manufacturing. [121, 122] 
 

10. Preparation of Hybrid protein powder      

To create a hybrid protein powder by combining whey 
protein (concentrate or isolate) and corn protein isolate, 
one needs to follow the following four steps: 
10.1 Choose the type and ratio of whey protein and corn 
protein isolate 

Whey protein can be either isolate or concentrate, and 
corn protein isolate is a novel food ingredient that is 
produced from corn gluten slurry by washing it with 
ethanol and removing the non-protein components. 
Isolate whey protein has less fat and lactose than 
concentrate, but it is also more expensive. Corn protein 
isolate has a minimum protein content of 85% and a high 
branched-chain amino acid content, particularly leucine. 
One can experiment with different ratios of whey and 
corn protein isolate to find the one that suits the desired 
taste and nutritional needs. i.e., 75% whey and 25% corn, 
50% whey and 50% corn or 75% corn and 25% whey, etc. 

10.1. Flavor enhancement 

Addition of some flavorings and sweeteners to enhance 
the taste of hybrid protein powder is necessary as it 
enhances tangibility, palatability and customer 
acceptance and future demand. Natural ingredients like 
cocoa powder, vanilla extract, cinnamon, honey, stevia, or 
fruits could also be used. The developers can also add 
some supplements like greens powder, chlorella, maca, or 
flax seeds to boost the nutritional value of the hybrid 
protein powder. 

10.2. Homogenization of Ingredients 

Blend all the ingredients together in a high-speed blender 
or food processor until they are well combined and form 
a fine powder. Sifting of the powder might be needed to 
remove any lumps or clumps. At lab scale production, one 
can use a coffee grinder or a mortar and pestle to grind 
the ingredients into a powder. 

10.3 Packaging and storage 

Store the hybrid protein powder in a hermetically sealed 
airtight container in a cool and dry place.  

Customers could use hybrid protein powder by mixing it 
with water, milk, or plant-based milk and enjoy it as a 
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shake or smoothie. They could also use it to make protein 
bars, muffins, pancakes, or other baked goods.  

11. Intended users of hybrid protein powder  

There are many people belonging to different classes who 
can be benefited by the usage of this protein powder. The 
most important ones are discussed below.  

11.1. Bodybuilders 

To build muscle, most people consume a daily protein 
intake of 1.4 to 2.0 grams per kilogram (kg) of their body 
weight. However, it’s often challenging to meet this 
requirement through diet alone [123]. Therefore, hybrid 
protein powder can be an effective solution to meet their 
protein needs.  

Emerging research suggests that higher protein intakes, 
exceeding 3.0 g/kg/day, may positively impact body 
composition in resistance-trained individuals, 
specifically by promoting fat loss. The optimal protein 
intake per serving for athletes to maximize muscle protein 
synthesis (MPS) varies and depends on factors such as 
age and recent resistance exercise stimuli. The general 
recommendation is 0.25 g of high-quality protein per kg 
of body weight, or an absolute dose of 20 to 40 g. Acute 
protein doses should aim to contain 700 to 3000 mg of 
leucine and/or a higher relative leucine content, along 
with a balanced array of the essential amino acids (EAAs) 
[124].      

11.2. Other Athletes and people who regularly 
exercise 

Dietary guidelines for athletes recommend a protein 
intake of 1.2 to 1.7 g/kg/day for both endurance and 
resistance-trained athletes. Protein serves not only as a 
substrate providing the building blocks for protein 
synthesis, but also as a key trigger for exercise-induced 
phenotypic changes. Leucine, in particular, plays a 
significant role and may be crucial in enhancing protein-
mediated recovery and adaptation. Athletes aiming to 
gain muscle mass and strength are likely to consume 
higher amounts of dietary protein than those training for 
endurance [125]. Athletes from various sports, not just 
bodybuilders, often require a higher protein intake. They 
commonly use protein powders and shakes to support 
muscle growth, recovery, and performance. 

11.3. Older adults 

The US Dietary Reference Intakes (DRI) recommends a 
daily dietary protein intake of 0.8 g/kg for all individuals 
aged 19 years and older. This recommended dietary 
allowance (RDA) is considered adequate for nearly all 
individuals [126]. 

However, to help prevent or slow down age-related 
muscle loss, known as sarcopenia, individuals may need 
to increase their protein intake. For those with a weak 
stomach who find it difficult to digest red meat (beef or 
mutton) and lentils, hybrid protein powder can be a 
beneficial alternative. It is palatable, nutritious, and 
easily digestible, making it an excellent protein source. 

11.4. Vegetarians and vegans 

They may have difficulty meeting their protein needs 

from plant-based sources alone, and who may benefit 
from protein powders and supplements that provide 
complete protein and essential amino acids. 

11.5. People who are dieting or using meal 
replacements 

These types of people often want to adopt ketogenic diet 
(rich in proteins and fat and low in carbohydrates). They 
may use hybrid protein powders in the form of shake as a 
way to control their calorie intake, increase their satiety, 
and preserve their lean body mass.     

12. Conclusion     

In light of the projected global population growth and the 
subsequent increase in protein demand by 2050, it is 
imperative to address the sustainability concerns 
associated with conventional animal-based protein 
sources. The environmental impact, high cost, and 
potential health risks associated with excessive 
consumption of animal proteins necessitate a shift 
towards more sustainable alternatives. This article 
proposes a novel concept of creating a hybrid protein 
powder by combining whey protein (known for its 
superior leucine content) and corn protein isolate 
(derived from corn germ) to achieve a more balanced, 
cost-effective, and environmentally friendly protein 
source. The hybrid protein powder has the potential to 
offer a solution that caters to the increasing global protein 
demand while addressing environmental and health 
concerns associated with traditional protein sources.    
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