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1. INTRODUCTION42
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44 

 45 

A growing interest in plant-based ingredients as substitutes for animal constituents is undeniable, 46 

driven by sustainability considerations to meet the rising global population demand. Plant-based 47 

protein production boasts a lower carbon footprint than animal proteins . Increasing health 48 

awareness and ethical concerns have further propelled consumer demand for plant proteins, 49 

prompting food companies to introduce plant-based alternatives.  50 

Despite the advantageous functionalities of animal proteins such as egg proteins that exhibit excellent 51 

foaming, gelling or thickening properties , the shift towards plant-based proteins, particularly from 52 

sources like yellow peas (Pisum sativum L.), has gained traction. More than twelve million tons were 53 

produced worldwide in 2021 . Yellow pea seeds contain approximately 20-30% proteins and 65% 54 

carbohydrates, mainly starch . Pea proteins, available as flour (20-30% proteins), protein 55 

concentrate (50% minimum), or protein isolate (80% minimum), are increasingly incorporated into 56 

plant-based substitutes for meat or yogurt .  57 

Plant proteins can be categorized into four primary classes  : albumins, globulins, prolamins, and 58 

glutelins, based on their solubility and extractability in various solvents. Regarding pea proteins, 59 

globulins are the primary component (60  80%). They exhibit poor water solubility contrary to 60 

albumins that account for the second major protein fraction (15  25%) . In contrast to animal 61 

proteins, which generally exhibit low molecular weight and a relatively simple globular structure , 62 

plant proteins display intricate quaternary structures with monomers of high molecular weight.  63 

Although pea proteins exhibit functional properties such as emulsification and foaming, these 64 

functionalities fall short compared to animal proteins . The limited physicochemical 65 

functionalities of plant proteins often constrain their utilization in food products; for instance, low 66 



 
 

solubility hinders their incorporation into aqueous-based products, and their tendency to be compact, 67

aggregated, and inflexible restricts their capacity to adsorb at interfaces. Unlike animal proteins that 68 

are directly available, plant proteins need to be extracted from the seeds or the grains. The processes 69 

of extraction that are used comprise several steps such as milling followed by air fractionation or 70 

alkaline extraction/acid precipitation depending on the desired level of purity. For a wet extraction, a 71 

final drying step is added. These various extraction treatments tend to leave the proteins in a 72 

denatured and aggregated state with the majority of the functional groups buried inside the structure 73 

. In order to improve their functionality, proteins modification can be implemented.  The 74 

fundamental principles of protein modification approaches, based on physical and biochemical 75 

treatments, have been extensively reviewed elsewhere  76 

Physical treatments encompass heating , static high-pressure treatment , ultrasonication 77 

, pulsed electric fields , or other shear treatments . These physical treatments denature 78 

proteins, inducing aggregation or unfolding by exposing hydrophobic residues previously buried within 79 

the protein's interior. Denatured albumins and globulins exhibit enhanced adsorption at interfaces 80 

compared to their native state, forming gels via disulfide bonds and hydrophobic interactions. 81 

Among the deliberate biochemical modifications applied to proteins, enzymatic crosslinking or 82 

hydrolysis is common . Proteases used for enzymatic protein hydrolysis are commonly 83 

obtained from either traditional or genetically modified microorganisms, and certain proteases are 84 

extracted from fruit sources. Hydrolysis has demonstrated its ability to improve solubility, gelling, and 85 

emulsifying characteristics of plant proteins .  86 

Even though previous studies have already demonstrated the enhancement of pea protein foamability 87 

through various physicochemical treatments , they relied on protein isolates with high 88 

degree of protein purity. 89 
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 In this study, 95 

we examine how different treatments  namely sonication, heat treatment, or enzymatic proteolysis 96 

 affect the foaming properties of yellow pea protein concentrates. Parameters such as solubility, foam 97 

overrun, stability, and dynamic tension at the water-air interface were analyzed. The results obtained 98 

for pea proteins were compared to a reference system based on whole eggs, which are commonly 99 

used for the production of aerated structures in foods.  100 
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2. MATERIALS AND METHODS 102 
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