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ABSTRACT 

 
ANTI-MICROBIAL PROPERTIES AND BIOCHEMICAL 

CHARACTERIZATION OF MAILLARD REACTION PRODUCTS 
FROM LEGUME PROTEIN HYDROLYSATES AND D-GLUCOSE 

 
This thesis investigates the antimicrobial properties and biochemical 

characterization of Maillard Reaction Products (MRPs) derived from chickpea, faba bean, 

common bean, and soybean protein hydrolysates reacted with D-glucose at various 

thermal conditions (175°C to 275°C).  

The study assessed the antimicrobial activity of these MRPs against Escherichia 

coli, Staphylococcus aureus, Lactococcus lactis, Candida albicans, Saccharomyces var. 

boulardii, and Saccharomyces cerevisiae. Results demonstrated that chickpea MRPs 

exhibited the highest antimicrobial activity, followed by faba bean MRPs, with significant 

reductions in bacterial and yeast counts—the antimicrobial efficacy varied with the 

processing temperature, indicating optimal activity at specific conditions. Biochemical 

characterization using UV-Vis spectroscopy, FTIR, HPLC, and NMR analyses revealed 

differences in melanoidin content and structural properties based on the legume source 

and thermal treatment.  

Colorimetric analysis and browning index determination showed that higher 

temperatures led to darker MRPs with increased browning indices. These findings suggest 

that legume-based MRPs have potential as natural antimicrobial agents in food 

preservation, contributing to developing novel food products with enhanced health 

benefits and safety. 
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ÖZET 
 
BAKLAGİL PROTEİN HİDROLİZATLARI VE D-GLUKOZDAN ELDE 

EDİLEN MAİLLARD REAKSİYON ÜRÜNLERİNİN ANTİ-
MİKROBİYAL ÖZELLİKLERİ VE BİYOKİMYASAL 

KARAKTERİZASYONU 
 

Bu tez, çeşitli termal koşullarda (175°C ila 275°C) D-glukoz ile reaksiyona 

sokulan nohut, bakla, adi fasulye ve soya fasulyesi protein hidrolizatlarından elde edilen 

Maillard Reaksiyon Ürünlerinin (MRP'ler) antimikrobiyal özelliklerini ve biyokimyasal 

karakterizasyonunu araştırmaktadır.  

Çalışmada bu MRP'lerin Escherichia coli, Staphylococcus aureus, Lactococcus 

lactis, Candida albicans, Saccharomyces var. boulardii ve Saccharomyces cerevisiae'ye 

karşı antimikrobiyal aktivitesi değerlendirilmiştir. Sonuçlar nohut MRP'lerinin en yüksek 

antimikrobiyal aktiviteyi sergilediğini, bunu bakla MRP'lerinin izlediğini, bakteri ve 

maya sayılarında önemli azalmalar olduğunu göstermiştir; antimikrobiyal etkinlik işleme 

sıcaklığına göre değişiklik göstermiş ve belirli koşullarda optimum aktiviteye işaret 

etmiştir. UV-Vis spektroskopisi, FTIR, HPLC ve NMR analizleri kullanılarak yapılan 

biyokimyasal karakterizasyon, melanoidin içeriğinde ve yapısal özelliklerinde baklagil 

kaynağına ve ısıl işleme bağlı olarak farklılıklar olduğunu ortaya koymuştur.  

Kolorimetrik analiz ve esmerleşme indeksi tayini, daha yüksek sıcaklıkların daha 

koyu MRP'lere yol açtığını ve esmerleşme indekslerinin arttığını göstermiştir. Bu 

bulgular, baklagil bazlı MRP'lerin gıda muhafazasında doğal antimikrobiyal ajanlar 

olarak potansiyele sahip olduğunu ve gelişmiş sağlık yararları ve güvenliği ile yeni gıda 

ürünlerinin geliştirilmesine katkıda bulunduğunu göstermektedir. 
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CHAPTER 1 

 

 

 INTRODUCTION 

 

 
1.1. Protein Isolates 
 

 

1.1.1. Legumes 
 

 

Legumes' nutritional and functional benefits have led to their recommendation for 

use in new food preparations, and their impact on food quality is substantial (Carbonaro 

et al., 2021). Legumes are particularly esteemed for their abundant protein content, which 

surpasses that of cereals, and therefore serve as a vital supply of amino acids for human 

nutrition. The consumption of legume-based foods provides a significant source of 

alternative protein, contributing to a balanced diet (Rebello et al., 2014). 

Soybean (Glycine max) and several varieties of beans (Phaseolus) are extensively 

cultivated in tropical and subtropical regions. Legumes are well-known for their vital 

contribution to sustainable agriculture by improving soil quality through nitrogen fixation 

(Bechthold et al., 2019). Grain legumes, sometimes known as pulses, are fundamental 

components of traditional meals in numerous countries. In industrialized nations, dietary 

recommendations strongly encourage the consumption of these foods due to their 

numerous health benefits (Conti et al., 2021). 

Although legumes are typically low in lipids, except soybean, peanut, and lupin, 

which contain 30–35% lipids, they are an excellent source of proteins and important 

minerals, including iron, zinc, and calcium (Diplock et al., 1999). Their composition 

includes a high carbohydrate content (up to 60%), mostly in the form of starch, and 

essential vitamins, including thiamine, niacin, biotin, riboflavin, and folic acid. 

Furthermore, legumes are a substantial provider of dietary fiber, accounting for up to 37% 
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of their composition. This characteristic classifies them as low-glycemic foods, as stated 

by Rajnincová et al. (2019). 

A body of research suggests a positive association between regular consumption 

of legumes and enhanced well-being. A synthesis of long-term prospective observational 

studies indicates a reduced probability of developing coronary heart disease in subjects 

who consume legumes (Bechthold et al., 2019; Conti et al., 2021). As defined in (Diplock 

et al., 1999), a nutraceutical refers to a food or component offering health advantages, 

including illness prevention and therapy. 

The non-nutritious components of legumes, including isoflavones, alkaloids, 

phytates, saponins, and diverse proteins, are believed to possess nutraceutical benefits. 

These components include protease and amylase enzyme inhibitors, lectins, storage 

proteins, and peptides. Although previously regarded as antinutrients due to their negative 

impact on nutrient metabolism, further research has revealed the health advantages of 

these components, emphasizing the intricate function of legumes in human nutrition 

(Carbonaro et al., 2021). Table 1 shows the composition of 4 legumes used in this thesis. 

 

 

Table 1. Composition of the Legumes.  
 

Components (%) Chickpeaa Faba Beanb Common 

Beanc 

Soybeand 

Protein 23.6 26.6 21.3 36.9 

Carbohydrate 62.3 35.4 47.8 6.1 

Fiber 3.8 31.3 18.4 20.9 

Lipid 6.4 1.8 1.6 18.1 

Ash 3.7 4.1 4 4.7 

References Alajaji et al., 

2006 

Edwards et al., 

1993 

Muzquiz et al., 

2007 

Muzquiz et al., 

2012 
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1.1.1.1. Amino Acid Profiles of Legumes 
 

 

The amino acid profiles of protein isolates derived from legumes serve as vital 

markers of the nutritional value and functional characteristics of these products. The 

profiles offer a comprehensive analysis of the essential and non-essential amino acid 

composition, which is crucial for the evaluation of legume protein quality (Table 1). The 

essential amino acids are of significant importance to humans, as the body lacks the ability 

to synthesize them internally, necessitating their acquisition from dietary sources. 

Conversely, the body itself may produce non-essential amino acids. Furthermore, an 

analysis of the composition and abundance of these amino acids offers useful information 

on the nutritional effectiveness of legume proteins. This was demonstrated by Keskin et 

al. (2022). 

Protein characteristics in food systems are greatly influenced by amino acids. 

Glutamic acid (Glu) and aspartic acid (Asp) are nonessential amino acids that are usually 

found in the highest quantities in most legumes, except chickpeas. However, the 

nutritional value of the protein is limited by the presence of these limiting amino acids, 

which are found in minimal quantities and thus restrict the protein's nutritional value. The 

presence and quantity of limiting amino acids in specific legume species varies. 

Understanding these characteristics enables the optimization of legume protein utilization 

in food formulations, thereby enhancing their nutritional value and efficacy (Berrazaga et 

al., 2019). 

Glutamic acid and aspartic acid are the primary contributors to the umami taste, 

which is characterized by its savory flavor. They can affect proteins' solubility and 

emulsifying characteristics, which are crucial for their use in different food items. The 

variation in the essential amino acids that are limited in various bean species highlights 

the significance of consuming a broad diet to guarantee sufficient intake of all necessary 

amino acids. The diversity mentioned here emphasizes the possibility of using 

complementary protein techniques, which include mixing several protein sources to 

obtain a well-balanced amino acid profile (Trevino et al., 2007). 
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1.1.1.2. Functional and Physicochemical Properties of Legume Protein 

Isolates 
 

 

Protein isolates (PIs) derived from legumes are suitable for use in the food 

processing and nutritional formulation industries, provided that their physicochemical 

and functional characteristics are optimal. The stability of PIs at elevated temperatures 

and their processing behavior are two of the most important characteristics to consider. 

The thermal denaturation temperature (Td) of protein isolates provides an indication of 

their stability. To provide further illustration, the thermal decomposition temperature (Td) 

of chickpea protein isolates with a purity of 70% is 205°C, while faba bean isolates with 

a purity of 88% have a Td of 183°C. Bean isolates with 55% and 75% purities exhibited 

thermal decomposition (Td) values of 211,5°C and 193.8°C, respectively. Conversely, 

lentil isolates with purities of 45% and 75% have Td values of 199,5°C and 183.4°C, 

respectively, according to Ricci et al. (2018). These findings demonstrate that the thermal 

stability of pea protein isolates (PIs) is positively correlated with their purity level. The 

denaturation enthalpies of different bean PIs exhibit a range of values between 90°C and 

152°C, with a mean of 118,8°C and a standard deviation of 14.3°C. Their values range 

from 32.9 to 134 J/g, as reported by Gundogan and Karaca in 2020. 

The water-holding capacity (WHC) and oil-holding capacity (OHC) of legume 

protein isolates (PIs) are noteworthy. The reported ranges are 1.8 to 6.8 g/g for WHC and 

3.5 to 6.8 g/g for OHC. They demonstrate exceptional foaming capacity, emulsion 

capacity, solubility, and emulsifying activity index while retaining these attributes even 

under severely acidic (pH 2.0) and alkaline (pH 10.0) conditions (Gundogan & Karaca, 

2020; Lafarga et al., 2020). The solubility of soybean isolates in their natural state is 

highest at pH values of 3.0, 5.0, 7.0, and 8.0, whereas the solubility of adzuki isolates is 

the lowest. Barać et al. (2015) found that naturally occurring soy proteins could generate 

stable foams. 

In addition to their use in culinary applications, legume proteins are widely 

employed in encapsulation technology. The protein isolates derived from peas and 

chickpeas are utilized to enclose various nutrients, including vitamin B9 (folate), α-

tocopherol, ascorbic acid, and phytase, with a high degree of efficiency in encapsulation, 

ranging from 62% to 100% (Ariyarathna & Karunaratne, 2015). Combining phytase and 
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pea PI leads to slow release rates and great bioaccessibility when exposed to simulated 

stomach and intestinal fluids (Gharibzahedi & Smith, 2021). Furthermore, vegetable oils 

can be fortified with lentil and red kidney bean PIs to improve their stability and 

bioavailability, as demonstrated by Joshi et al. (2012). The survival and stability of 

probiotic bacteria are enhanced when they are encapsulated with soy and pea protein 

isolates, particularly under gastrointestinal circumstances (Gharibzahedi & Smith, 2021). 

Furthermore, legume protein concentrates are used to produce edible films that have 

excellent mechanical and barrier qualities. These films are ideal for packaging food items 

that are sensitive to light (Hopkins et al., 2015). 

The functionality of legume proteins can be enhanced by emerging technologies, 

including enzymatic hydrolysis, high hydrostatic pressure (HP), and ultrasound. 

Treatment with HP has been shown to enhance the solubility and emulsifying activities 

of kidney bean and lentil protein isolates. Enzymatic hydrolysis has been demonstrated 

to decrease the thixotropic properties of kidney bean PIs, resulting in their ability to 

exhibit Newtonian fluid behavior at greater shear rates (Ahmed et al., 2018). The 

application of high-intensity ultrasonic treatment has been demonstrated to enhance the 

solubility, emulsifying, foaming, and gelling properties of chickpea protein isolates (PIs) 

when subjected to heat (Wang et al., 2020). Furthermore, enzyme hydrolysis using 

Alcalase and bromelain has enhanced the antioxidant and anti-inflammatory activities of 

pigeon peas, lentils, and chickpea PIs (Xu et al., 2021). The aforementioned alterations 

have rendered legume proteins suitable for a multitude of food and nutraceutical 

applications, offering enhanced nutritional and functional attributes (Al-Ruwaih et al., 

2019; Wang et al., 2020; Xu et al., 2021). 

 

 

1.2. Extraction Methods 
 

 

1.2.1. Wet Extraction Methods 
 

 

The functional and physico-chemical qualities of protein isolates (PIs) are 

important in determining their suitability for different dietary applications. Legumes are 
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often extracted using wet extraction procedures, which involve the use of aqueous 

solvents or chemicals such as alkali, acid, or water. The typical method of this process 

involves an additional stage in which proteins are precipitated or recovered to increase 

the amount obtained. In order to enhance the yield of protein, solvents are occasionally 

combined with other techniques, thereby increasing the efficiency and efficacy of the 

extraction procedure (Deleu et al., 2019; Kumar et al., 2021; Zhang et al., 2019). 

The choice of starting material for extraction may vary and could include flaked, 

milled, or air-classified fine protein fractions. Each of these presents distinct advantages 

and difficulties in the subsequent extraction procedure (Guo et al., 2021). An integral part 

of the process is the drying of the extracted protein, which is necessary to enhance the 

protein isolates' shelf life and overall quality throughout storage and transit. It is essential 

to ensure thorough drying to maintain the functional qualities of protein isolates, as this 

allows them to be used effectively in food items (Byanju et al., 2020). 

 

 

1.2.2. Alkaline Extraction of Legume Proteins 
 

 

Alkaline extraction is a well-established and frequently used approach for 

separating proteins extracted from plant matter, including legumes. The process involves 

adjusting the pH of the extraction solution by adding alkaline solvents such as sodium 

hydroxide and potassium hydroxide, which raise the pH to a basic range of 8–11 or higher 

(Cui et al., 2020). The pH levels mentioned below facilitate the solubilization of proteins 

by creating a basic environment that disrupts the disulfide bonds present in the proteins, 

thereby improving the proteins' release, recovery, and yield. 

In order to precipitate the proteins, the pH is typically lowered to a range of 4.0–

4.8 using an acid such as HCl. This procedure commences with the solubilization of the 

proteins by reducing the pH to an alkaline condition. Proteins reach their isoelectric point 

at a specific pH, where their solubility is at its lowest, forming protein precipitates (Boye 

et al., 2010). The supernatant obtained after precipitation is primarily composed of starch 

and fibers. It is separated from the precipitated protein using techniques such as 

centrifucentrifugation, filtering, or screening techniques the recovered proteins, an 

additional washing step with either an acid solution or water can be employed, followed 



7 

 

by resolubilization at a neutral pH (Guo et al., 2021). In order to guarantee the 

microbiological safety of the separated proteins, it may be necessary to implement heating 

phases (D'Agostina et al., 2006). 

The final stage of the alkaline extraction process is the removal of moisture from 

the protein isolate, which generates a low-moisture product that may be stored for an 

extended period without spoilage. Freeze drying, followed by milling, is commonly 

employed in laboratory settings. In contrast, spray-drying is frequently utilized at the 

commercial level to produce isolates that can be conveniently packed (Burger & Zhang, 

2019). 

Although widely used, the alkaline extraction process has some disadvantages. 

According to reports, the recovery rate is around 50% and there is a decrease in the 

functioning of the isolated proteins (Karki et al., 2010). The poor extraction efficiency is 

frequently attributed to the development of intricate interactions between the solvent and 

polysaccharides inside the cell matrix, which impede protein release (Rahman & Lamsal, 

2021). In addition, the excessive use of alkali in the process of increasing protein release 

might have adverse effects, including the racemization of amino acids, reduced protein 

digestibility, and the destruction of important amino acids such as lysine and cysteine. 

It is possible to overcome the limitations of alkaline extraction in terms of the 

quantity of protein obtained by optimizing numerous variables, including the ratio of 

sample to solvent, concentration of alkali, extraction duration, and temperature. By 

implementing this optimization, it is possible to achieve the maximum yield of protein 

while minimizing costs (Zhang et al., 2014). A significant advantage of the alkaline 

extraction process is that the resulting proteins have a relatively high bioavailability and 

digestibility (Deleu et al., 2019). Yoshie-Stark, Wada, and Wäsch (2008) demonstrated 

the effectiveness of isolating rapeseed protein using alkaline conditions and then 

precipitating it at an isoelectric point of 5.8, resulting in a crude protein content of 708.4 

g/kg. In a study conducted by Salgado et al. (2012), an optimization study on the alkaline 

extraction of proteins from sunflower meal was performed. The results indicated that the 

protein recovery was 70.4% based on the dry weight of the sample. 
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1.2.3. Acid-Assisted Extraction of Legume Proteins 
 

 

Extracting proteins from legumes may present considerable difficulties due to the 

insolubility of some pulse proteins and their loss of function when extracted using 

traditional denaturants. Acid-assisted extraction is a potential technology that helps 

overcome these obstacles by preserving the proteins in their inactive states, preventing 

denaturation. Acidic solutions, such as butanol, pentanol, hexane, and acetone, are 

frequently employed for this objective. The solvents mentioned in the study by Cui et al. 

(2020) can dissolving non-polar side chains, lipid-binding proteins, polar side chains, and 

amino acids containing aromatic rings. This procedure entails reducing the pH of the 

protein solution below the protein's isoelectric point, which is especially effective for 

legume proteins because of their overall positive charge, hence improving solubility at 

lower pH levels (Andreou et al., 2022). 

Although it functions at a lower pH, the acid extraction method is analogous to 

the alkaline extraction process in its operation. The mixture separates into three distinct 

components after adding an acidic solution to a protein-containing solution, followed by 

the introduction of ammonium sulfate. Proteins segregate into an intermediate layer 

between the upper organic and lower aqueous phases, contingent upon the quantity of 

ammonium sulfate used. Research has demonstrated that this technique effectively 

disables lipoxygenase, an enzyme that causes the unpleasant beany flavor in legume-

derived protein products. Consequently, the sensory characteristics of the products are 

much improved compared to the use of alkaline extraction methods (De Angelis et al., 

2020). Although less frequently employed, this technique has been utilized to extract 

proteins from pulses and legumes, including pea and faba bean protein isolates (De 

Angelis et al., 2020). 

Nevertheless, there are significant constraints associated with this methodology. 

Neucere and Ory (1968) observed that proteins obtained from peanut seeds using acetone 

and hexane exhibited increased insolubility following acid treatment. More precisely, the 

two primary reserve proteins, arachin and conarachin, exhibited decreased solubility and 

modified ion exchange characteristics after being extracted. Alterations in protein 

structure can result in reduced solubility and alterations in ionic properties, which can 

impact the total production and usefulness of the extracted proteins. According to Hrynets 
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et al. (2011), acid-aided extraction is not extremely effective as it can only recover up to 

20% of yellow pea protein. Therefore, acid-assisted extraction is not considered a 

favorable method and is not commonly used for protein separation from legumes. 

 

 

1.2.4. Legume Protein Extraction Using Enzymes 
 

 

Enzyme-assisted methods for extracting legume proteins have become a popular 

alternative to classic alkaline and acid-assisted extraction procedures. Enzyme-assisted 

extraction effectively tackles several issues related to traditional procedures, such as 

environmental risks and adverse impacts. Enzymes facilitate the release of proteins by 

degrading the polymers present in cell walls, thereby promoting protein solubility (Sari 

et al., 2013). This approach is more ecologically friendly and has fewer negative impacts 

than alkaline and acid extractions. 

Enzymes that are frequently utilized in this process include proteases, such 

alcalase, and carbohydrases, including cellulase and pectinases. Enzymes function as a 

first step that promotes the use of alkaline extraction instead of acid extraction, with 

proteases being especially efficient. Proteases enhance protein synthesis by liberating 

proteins from their polysaccharide matrix and transforming larger proteins into more 

soluble forms, hence improving extraction efficiency. In addition, they safeguard against 

protein denaturation by functioning within optimal pH settings and preventing the 

formation of complexes between liberated proteins and cellular constituents such as 

polysaccharides (Rahman & Lamsal, 2021). 

Rommi (2016) showed that cellulolytic, pectinolytic, and xylanolytic enzymes 

were effective in obtaining protein yields of 74% and 56% from dehulled and hulled 

rapeseed press cakes, respectively. The proteins that were retrieved demonstrated 

resilience to substances that cause oxidation and had low levels of thickness, which makes 

them well-suited for use in food-related contexts. Enzymatic protein extraction, while 

advantageous, has some limitations, such as operational complexity, high prices, 

scalability issues, inconsistent recovery, and high energy needs (Kumar et al., 2021). 

Nevertheless, the advantages of this approach are deemed favorable because of its little 
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ecological footprint and its favorable influence on protein functioning and recovery 

(Perovic et al., 2022). 

Perovic et al. (2022) found that using enzymes to help in alkaline protein 

extraction from chickpeas led to a 30-fold increase in the amount of extracted protein, 

resulting in a 93% recovery of the protein. This approach also enhanced the functional 

characteristics of the protein, including its solubility, capacity to hold water, ability to 

absorb oil, capacity to form emulsions, and ability to create foam. These improvements 

were measured at 14%, 130%, 22%, and 150% respectively. The improvements 

mentioned make enzyme-assisted extraction a highly promising method for generating 

legume protein isolates of exceptional quality. 

 

 

1.2.5. Method of Salt In / Salt Out Extraction 
 

 

Leveraging the solubility of legume and pulse proteins in salt solutions, the salt 

in/salt out extraction method is a widely used approach for protein extraction. This 

technique utilizes the varying ionic strengths of different salts to extract proteins in the 

form of micelles or aggregates (Muranyi et al., 2016). Salts often used in this procedure 

include ammonium sulfate, sodium chloride, and calcium chloride. The extraction 

process consists of two primary stages: salting-in and salting-out. 

During the salting-in phase, the addition of salts with low ionic strength (less than 

0.15 M) is employed to charge the surfaces of proteins positively. This process enhances 

their solubility and prevents denaturation. Subsequently, the salting-out phase occurs, 

wherein a salt with a significantly greater ionic concentration (about 5 M) is added. This 

results in the clustering of dissolved proteins and their subsequent precipitation (Jiang et 

al., 2021). The proteins precipitate due to the dilution effect caused by the change in ionic 

strength during salt-in extraction. After the extraction process, carbs and insoluble fibers 

are eliminated, and the protein extracts are then diluted with cold water (Lam, Can 

Karaca, Tyler, & Nickerson, 2018). Then, protein concentration and desalting are carried 

out, followed by centrifugation, filtration, resolubilization, and spray-drying of the 

protein. Alternatively, one can utilize ultrafiltration/diafiltration or isoelectric 

precipitation. 
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Ultrafiltration (UF) is a method that employs semipermeable membranes to 

segregate solubilized proteins. The protein extract is filtered using ultrafiltration (UF) 

membranes, which selectively retain proteins while allowing smaller soluble components, 

such as carbohydrates, to pass through (Hadidi et al., 2020). The protein isolates can be 

subjected to either spray-drying or freeze-drying processes comparable to those used for 

isoelectrically precipitated isolates. The University of Florida (UF) provides several 

benefits compared to the isoelectric point precipitation methods utilized in alkali and acid 

extraction operations. One of the advantages of this method is that it allows for the 

retention of more complete protein components, such as albumins. In contrast, alkali and 

acid procedures tend to recover globulins more selectively (Boye et al., 2010). 

In addition, UF does not necessitate very acidic or alkaline pH conditions, hence 

enabling the proteins to maintain their original structures. Not including a neutralization 

phase leads to isolates with reduced levels of ash and salt but increased protein recovery 

(Alonso-Miravalles et al., 2019). In their study, Boye et al. (2010) found that protein 

concentrates derived from peas, chickpeas, and lentils utilizing ultrafiltration (UF) and 

isoelectric precipitation procedures consistently exhibited greater protein levels compared 

to those obtained by alkali and acid extraction methods. The combination of isoelectric 

point and UF/DF processing procedures led to isolates with a protein content that was 

four times higher, ranging from 63.9% to 88.6% (w/w). 

Fuhrmeister and Mesuer (2003) discovered that wrinkled pea concentrates 

produced using ultrafiltration (UF) had a greater protein content (70-80%) and a lower 

fat level (2.3%) compared to isolates obtained through isoelectric precipitation (68% 

protein content and 3.8% fat). Nevertheless, Muranyi et al. (2016) noted that the salt-in 

technique decreased productivity and diminished functionality compared to the alkali 

extraction approach. Similarly, employing the salt-in technique, Tanger, Engel, and 

Kulozik (2020) observed alterations in the structure of proteins isolated from pea flour, 

resulting in decreased concentration and yield. While the solubility of salt-extracted 

proteins was greater at 96.6%, they demonstrated worse retention of their natural 

structure. 
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1.2.6. Process For The Extraction of Pulse / Legume Protein by Air 

Classification 
 

 

Air classification is a method of separating particles in an air stream based on their 

size and density. The process entails suspending finely ground flour in a chamber with 

the help of air movement, resulting in the separation of particles based on their size and 

density (Sozer et al., 2017). Flour may be effectively separated into various fractions 

using regularly employed methods such as impact, jet milling, and rotor-type classifiers 

(Pelgrom et al., 2013). 

The air classification approach has been effectively utilized to extract protein from 

legumes such as peas, faba beans, and lupin (Pelgrom et al., 2015). The process often 

starts with a dehulling phase, which eliminates antinutrient elements that contribute to 

bitterness and astringency. This step also enhances the color of the protein flour and 

marginally boosts its protein content (Do Carmo et al., 2020). Following removing the 

hulls, the finely ground flour is delivered onto a rotating classification wheel using a 

stream of air. Within the separating chamber, the flour undergoes centrifugal separation, 

which divides it into smaller protein-rich pieces measuring roughly 3 μm and bigger 

starch granules measuring 25-40 μm. This process yields a fraction or concentrates that 

is rich in protein. 

The classifier wheel separates smaller particles to create the fine fraction, while 

bigger particles settle at the bottom of the chamber, generating the coarse starch fraction. 

The larger particles include a higher concentration of carbohydrates and fiber, whereas 

the smaller particles have a higher protein content. As an additional step, the coarse 

fraction can be re-milled and passed through the air classifier. This process aims to 

enhance the purity and yield of each fraction (Schutyser & Van Der Goot, 2011). 

The crucial elements in the air classification technique encompass the velocity of 

milling and the velocity of the air classifier. Optimal milling velocity is essential to 

achieve thorough cell disintegration, hence allowing the separation of starch and protein 

components. Although the air classification approach has benefits, it has the drawback of 

yielding less protein than wet extraction methods. In their study, Schutyser et al. (2015) 

found that protein concentrates obtained from the air classification of several pulses had 

protein content ranging from 49% to 70%. 
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Nevertheless, the air classification process possesses significant benefits 

compared to wet fractionation. The absence of a drying stage and the employment of 

chemicals in the process results in lower energy and water requirements while also 

preserving the natural structure of proteins (Vogelsang-O'dwyer et al., 2020). Air 

categorization offers a more sustainable and eco-friendly alternative for extracting protein 

from legumes. 

 

 

1.3. Protein Hydrolysates 
 

 

The economic feasibility and environmental benefits of protein hydrolysates have 

made them a prominent subject of current study (Harnedy & FitzGerald, 2012). The 

hydrolysates are generated by enzymatic hydrolysis of proteins, resulting in the formation 

of smaller peptides that possess bioactive characteristics. Legume protein hydrolysates 

are essential for obtaining bioactive peptides. These peptides have shown promise in 

preventing and treating several diseases, such as cancer, immunological disorders, 

infections, and cardiovascular diseases (Kamran & Reddy, 2018). The addition of 

bioactive peptides from legumes to regularly consumed meals might augment their 

nutritional quality and functioning, hence enhancing the total dietary value (Malaguti et 

al., 2014). 

It is crucial to encourage the use of legumes and provide cost-effective products 

for disadvantaged people in order to alleviate poverty and combat malnutrition. 

Approximately 170 million preschoolers and nursing mothers in poor African and Asian 

nations experience protein-energy malnutrition, a serious nutritional disorder 

(Nedumaran et al., 2020). Researchers are increasingly prioritizing utilizing naturally 

occurring, wild, and underutilized legumes that have been previously ignored or are 

particular to certain regions (Bhat & Karim, 2009). This method focuses on resolving 

nutritional inadequacies and highlights the potential of these legumes as excellent sources 

for future functional meals. Legume proteins have a crucial role in different meal 

preparations by supplying energy, amino acids, and substantial nutritional content. They 

also have a considerable impact on the physical and chemical properties of food 

(Etemadian et al., 2021). 
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Out of the roughly 1,000 legume species, only around 20 are widely grown and 

farmed (Singh et al., 2022). The genetic resources of these neglected crops are quickly 

decreasing in their original habitats, resulting in their growing rarity on a global scale. In 

order to minimize neglect and increase exploitation of these species, it is imperative to 

undergo a paradigm change in how we produce, exploit, and consume them (Paul et al., 

2019). Studies have shown that hydrolyzed plant proteins have somewhat superior 

functional and physiological properties compared to crude proteins (Ashaolu et al., 2020). 

The identification of novel and cost-effective sources of protein from abundant plant 

resources has become essential to satisfy the increasing need for protein (Prakash et al., 

2001). 

Protein hydrolysates are frequently employed as supplements in manufacturing 

food and feed because of their capacity to alter different protein characteristics (Ward, 

2011). The food sector has shown significant interest in protein hydrolysates due to their 

advantageous effects on food items and human health (Ahlström, 2022). Hydrolysis is the 

process by which proteins are decomposed into peptides of different sizes, usually 

composed of 2 to 20 amino acid units (Shahidi et al., 2019). Legumes, being the most 

abundant sources of plant protein, meet around 10% of the global protein intake needs 

(Azman et al., 2023). Nevertheless, only a limited number of legumes have been 

thoroughly utilized for their full potential (Wikandari et al., 2021). Legume-derived 

hydrolysates and peptides have many biological effects, such as anticancer, 

antihypertensive, anti-inflammatory, hypolipidemic, antioxidant, and 

immunomodulatory activities (Matemu et al., 2021). 

 

 

1.3.1. Enzymatic Hydrolysis  
 

 

Enzymatic hydrolysis is a commonly employed method for generating protein 

hydrolysates and peptides with favorable biological characteristics. This technique entails 

the enzymatic breakdown of protein substrates in a controlled laboratory environment 

utilizing particular external proteolytic enzymes. Enzymatic proteolysis has various 

advantages over chemical treatments. These include the use of softer processing 

conditions, with a pH range of 6.0-8.0 and a temperature range of 40-60°C. Additionally, 
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enzymatic proteolysis allows for better control over the hydrolysis process, as stated by 

Kristinsson et al. in 2000. The amino acid makeup of enzymatic protein hydrolysates 

roughly mirrors that of the original protein substrate, with minor alterations contingent 

upon the enzymes used. Furthermore, enzymatic digestion does not need the use of 

organic solvents or harmful chemicals, which makes it appropriate for applications in the 

food and pharmaceutical industries (Wijesekara et al., 2011). 

The enzymatic approach yields protein hydrolysates with diverse peptide profiles, 

which differ from those produced during microbial fermentation due to the use of various 

proteases and enzyme/substrate ratios. This selectivity enables the creation of consistent 

and replicable bioactive protein hydrolysates (Van der Ven et al., 2002). Various 

methods, including as chemical synthesis, enzymatic synthesis, and recombinant DNA 

technologies, can be employed to create bioactive peptides. Nevertheless, enzymatic 

hydrolysis continues to be favored because of its selectivity and gentle operating 

conditions. 

Selecting protein substrates is crucial in generating protein hydrolysates with the 

intended biological characteristics. The potential of proteins derived from plants or 

animals, such as milk, eggs, wheat, and marine sources, to produce bioactive peptides has 

been investigated (Bhat et al., 2015). The composition and primary amino acid sequence 

of the protein substrate are crucial determinants. Peptides containing Trp, Tyr, Phe, Pro, 

or hydrophobic amino acids at the C-terminal have been found to be efficient in inhibiting 

ACE activity, as reported by Gobbetti et al. in 2000. 

Thermal treatment and sonication are two types of pretreatments that can improve 

enzymatic hydrolysis. These pretreatments work by promoting interactions between 

enzymes and proteins, which is facilitated by the unfolding of proteins. In their study, Jia 

et al. (2010) showed that using ultrasonic pretreatment on wheat germ protein enhances 

the production of ACE-inhibitory peptides during enzymatic hydrolysis. 

The degree of specificity shown by the proteolysis enzyme considerably 

influences the biological activity of the resultant hydrolysates. Proteases, such as trypsin, 

chymotrypsin, and pepsin, break down proteins at particular locations, resulting in 

peptides of different lengths and amino acid contents (Simpson et al., 1998). As an 

illustration, Lassoued et al. (2015) generated hydrolysates from thornback ray gelatin by 

employing several enzymes, leading to various levels of hydrolysis and antioxidant 

properties. 
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The degree of hydrolysis (DH) and the bioactivities of protein hydrolysates are 

significantly influenced by essential parameters such as hydrolysis conditions, which 

include time, temperature, pH, and enzyme/substrate ratio. Balti et al. (2010) found that 

the ACE-inhibitory activity of cuttlefish protein hydrolysate rose as the degree of 

hydrolysis (DH) increased, with the highest activity seen at a DH of 16%. 

Enzymatic hydrolysis can be performed in either batch reactors or continuous 

enzymatic membrane reactors. Utilizing immobilized proteases provides benefits such as 

enhanced enzyme stability and the capacity to recycle the enzyme, resulting in decreased 

manufacturing expenses. Enzymes that are immobilized may be used to produce 

hydrolysates continuously in a regulated manner without the presence of proteolysis 

enzymes. This makes them well-suited for use in the food and pharmaceutical sectors 

(Pedroche et al., 2007). 

To achieve protein hydrolysates with certain functional qualities, it is important 

to carefully choose proteolytic enzymes that are suitable for the task. To achieve 

consistent and desirable bioactivity of hydrolysates, it is crucial to meticulously regulate 

factors such as enzyme specificity, hydrolysis conditions, and pretreatment of protein 

substrates (Nasri et al., 2014). 

 

 

1.3.2. Degree of Hydrolysis 
 

 

The degree of hydrolysis (DH) is crucial in the enzymatic hydrolysis of proteins 

since it measures the amount of peptide bond breaking that occurs during hydrolysis. The 

term "cleavage efficiency" refers to the ratio of broken peptide bonds, which are 

expressed as a fraction of the total number of peptide bonds. This ratio may be determined 

using the following formula: 

 

𝐷𝐻(%) = (ℎ/ℎ𝑡𝑜𝑡) × 100 

 

where h represents the number of hydrolyzed peptide bonds, and htot is the total 

number of peptide bonds present (Adler-Nissen, 1979). 

(1.1.) 
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The absence of a universally applicable approach for determining DH has resulted 

in the creation and utilization of several analytical methodologies. Some often used 

techniques for this purpose are pH-stat, osmometric, soluble nitrogen after trichloroacetic 

acid precipitation (SN-TCA), 2,4,6-trinitrobenzene sulfonic acid (TNBS), o-

phthaldialdehyde (OPA), amino acid nitrogen, and formol titration methods. Each of 

these approaches possesses its own set of principles, benefits, and constraints. 

pH-Stat Method: This method ensures a consistent pH level throughout 

hydrolysis by constantly introducing a titrant (either an acid or a base). The quantity of 

titrant supplied is directly correlated with the number of peptide bonds hydrolyzed, which 

makes this technique appropriate for continuous monitoring of DH (Adler-Nissen, 1979). 

Osmometric Method: This technique quantifies the rise in osmotic pressure 

resulting from the formation of smaller peptides and free amino acids during the process 

of hydrolysis. The alteration in osmotic pressure approximates the DH (Kristinsson & 

Rasco, 2000). 

Soluble Nitrogen After Trichloroacetic Acid Precipitation (SN-TCA): In this 

method, the hydrolyzed material is subjected to trichloroacetic acid (TCA) treatment in 

order to cause the precipitation of substantial peptides and proteins. The nitrogen 

concentration in the supernatant, which includes soluble peptides and free amino acids, 

is then quantified to ascertain the DH (Church et al., 1983). 

2,4,6-Trinitrobenzenesulfonic Acid (TNBS) Method: TNBS chemically 

combines with unbound amino groups present in peptides and amino acids, resulting in 

the formation of a chromophore that can be quantitatively quantified by 

spectrophotometry. The rise in absorbance is directly related to the DH (Spies, 1967). 

O-Phthaldialdehyde (OPA) Method: OPA undergoes a chemical reaction with 

primary amines, resulting in the formation of a substance that emits light and may be 

detected via fluorescence. The fluorescence intensity is linearly related to the 

concentration of unbound amino groups, enabling the measurement of DH (Church et al., 

1985). 

Amino Acid Nitrogen: This technique quantifies the nitrogen concentration of 

amino acids liberated during the process of hydrolysis. The nitrogen concentration is used 

to directly estimate the extent of hydrolysis (Moore & Stein, 1963). 

Formol Titration Method: Formaldehyde undergoes a chemical reaction with 

amino groups, resulting in a decrease in the pH of the solution. The amount of base needed 

to neutralize the solution is directly proportional to the DH (Taylor et al., 1980). 
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The choice of an appropriate technique for detecting DH relies on several aspects, 

including the inherent characteristics of the protein substrate, the specificity of the 

protease, and the planned use of the hydrolysates. Each technique provides distinct 

perspectives on hydrolysis, allowing researchers to customize their methodology in order 

to attain the specific level of hydrolysis and functional characteristics in protein 

hydrolysates that they seek. 

 

 

 
 

Figure 1. O-phthaldialdehyde (OPA) reacts with amino acids (Source: Rutherford et al., 

2010). 

 

 

1.4. Maillard Reaction and It’s Products 
 

 

Food is composed of an intricate combination of substances, including proteins, 

amino acids, carbs, fats, vitamins, and minerals. Throughout the ages, several culinary 

techniques have been created to maintain food quality. Heat treatment is particularly 

important in facilitating non-enzymatic processes such as the Maillard reaction, 

caramelization, chemical oxidation of phenols, and maderization (Manzocco et al., 2000). 

Out of them, the Maillard reaction has particular importance since it plays a crucial role 

in the creation of different chemicals, some of which have the potential to be harmful. 

The Maillard reaction, initially documented by French chemist L.C. Maillard in 

1912, elucidates the chemical phenomenon that transpires when glucose and glycine 

undergo heating, resulting in the creation of a melanoidin, a dark-hued pigment. Hodge 

clarified this reaction in 1953, outlining the route in the Journal of Agriculture and Food 

Chemistry. The significance and physiological impacts of the response were emphasized 
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during the inaugural Maillard conference that took place in Sweden in 1979 (Gerrard, 

2006). 

The Maillard reaction takes place during the preparation and storage of different 

food items, such as fruits, vegetables, cereals, milk, and meat, and has a substantial impact 

on the overall quality of the finished product. This process entails the interaction between 

electrophilic carbonyl groups of reducing sugars and nucleophilic amino groups of 

proteins, peptides, or amino acids. The process consists of three distinct stages: initiation, 

propagation, and the advanced stage. At first, glucose, which is a type of sugar that may 

be reduced, combines with a molecule that has a free amino group. This combination 

forms a glycosylamine, which then undergoes a rearrangement to generate Amadori 

rearrangement products (ARPs) and 1-amino-1-deoxy-2-ketose. During the second stage, 

sugar molecules undergo dehydration and fragmentation, resulting in the breakdown of 

amino acids and the production of 5-hydroxymethylfurfural (HMF) and other byproducts 

of fission. The advanced stage encompasses a sequence of intricate events, such as 

cyclizations, dehydrations, retro-aldolisations, rearrangements, isomerizations, and 

further condensations, which ultimately result in the creation of melanoidins (Tamanna 

& Mahmood, 2015). 

 

 

 
 

Figure 2. Maillard Reaction mechanism scheme (Source: Hodge, 1953). 
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The degree of the Maillard reaction is influenced by several parameters, such as 

the processing technique, type of sugar, amino acid, temperature, pH, and water activity. 

In creating various items such as bread, cakes, meat, fish, potato-based products, cocoa, 

and coffee, it is advantageous to use this ingredient as it enhances the visual appearance, 

texture, and scent. However, in goods such as milk and fruit juices, this reaction is 

considered undesirable since it causes a brown coloration. Furthermore, Maillard reaction 

products (MRPs) can have both advantageous and harmful impacts on health. 

Melanoidins have antioxidant and antibacterial characteristics due to their capacity to 

form complexes with metals (Bastos et al., 2012). On the other hand, some substances 

such as HMF, furosine, acrylamide, and heterocyclic amines have been proven to be 

dangerous and cancer-causing. Therefore, it is important to identify and reduce the 

presence of these substances in food items (ALjahdali & Carbonero, 2019). 

The Maillard reaction also enhances the production of reactive carbonyl 

compounds, which can lead to carbonyl stress and contribute to the creation of advanced 

glycation end-products (AGEs). Elevated use of these substances is associated with 

heightened susceptibility to diabetes, cancer, chronic heart failure, Parkinson's, and 

Alzheimer's illnesses. Thus, it is crucial to implement strategies aimed at decreasing or 

averting the formation of these chemicals in foods that undergo heat processing (Wu et 

al., 2015). 

 

 

1.5. Factors That Affect The Maillard Reaction 
 

 

1.5.1. Reducing Sugar 
 

 

The Maillard reaction (MR) is a chemical process that occurs without the 

involvement of enzymes. It occurs when an amino group (such as amino acids) reacts 

with a carbonyl group (such as reducing sugars). The reaction described is of utmost 

importance in the process of altering proteins with reducing sugars, which has a 

considerable effect on the flavor, color, and general quality of food items (Manzocco et 

al., 2000). Reducing sugars play a crucial role in the Maillard reaction (MR), and their 
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quantity and composition greatly impact the creation and properties of Maillard reaction 

products (MRPs). 

The concentration of reducing sugars in food matrices can significantly impact 

sensory characteristics such as scent, taste, and color. The presence of reduced sugars in 

coffee beans can have a significant effect on the fragrance, flavor, and color of the beans 

when they are being roasted (Borrelli et al., 2002). Similarly, steak that is cooked at high 

temperatures, resulting in lower amounts of sugars but greater levels of Maillard reaction 

products (MRPs), has a better overall taste and roasted meat quality compared to steak 

cooked in an oven. 

Although similar discoveries have been made, several research has concentrated 

on the impact of the overall amount of reducing sugars on taste generation without 

determining the individual reducing sugars with significant functions. Yang et al. (2018) 

showed that glucose and ribose may undergo the Maillard reaction with α-amino acids, 

leading to the production of aroma molecules seen in cooked meat. Furan, an essential 

intermediary in certain chemical systems, is formed from pentose and is produced by the 

1,2-enolization of the Amadori intermediate. According to Yang et al. (2018), the reaction 

involving xylose produces greater amounts of furfural and volatile taste compounds 

associated with meat than ribose and glucose. 

In addition, introducing reducing sugars can cause protein glycation and improve 

the solubilization of myosin, perhaps leading to an improvement in the meat's ability to 

retain water (Yang et al., 2018). This phenomenon implies that the presence of reducing 

sugars has a role in the creation of flavors and enhances the texture of food items. 

 

 

1.5.2. Protein Source 
 

 

The Maillard reaction (MR) is a chemical process that involves the interaction 

between amino groups, which come from proteins or peptides, and carbonyl groups, 

which come from reducing sugars. This reaction is a type of non-enzymatic browning 

process. The choice of protein source substantially impacts the taste and characteristics 

of Maillard reaction products (MRPs). Current research has placed a growing emphasis 



22 

 

on using vegetable proteins or peptides to create taste enhancers through MR, hence 

expanding the variety of flavors in food items. 

Soybean peptides have been widely employed to create diverse tastes, such as 

umami, sweet, salty, and meaty characteristics. A study showed that when xylose and 

soybean peptides were reacted at temperatures ranging from 100 to 140°C and pH 7.6 for 

a duration of 2 hours, the resulting MRPs had unique tastes. According to Chen et al. 

(2019), the presence of cysteine decreased the perception of bitterness at a temperature 

of 140°C, while simultaneously increasing the perception of umami and salty at a 

temperature of 100°C. The ability of soybean peptides to adapt and be used in many ways 

makes them a highly important component in creating flavors. 

Additionally, proteins produced from other plants have a considerable impact on 

the flavor characteristics of MR. Flaxseed protein hydrolysates capture and consistency 

of umami soups. Hydrolysates or extracts derived from meats have been utilized to infuse 

food items with tastes like those of meat. Nevertheless, these investigations frequently 

lack precision in discerning the distinct flavors that emerge, such as distinguishing 

between chicken, beef, or fish flavors (Oh et al., 2018). 

Scientists have investigated the combination of meat hydrolysates with certain 

sugars and amino acids to enhance the specificity of flavor. Kang et al. (2020) found that 

adding xylose and L-cysteine to beef hydrolysate increased its kokumi, meaty, umami, 

and kokumi-enhancing abilities. Enzymatic hydrolysis and microbial reduction (MR) can 

transform animal bone extracts into acceptable taste constituents, improving flavor profile 

and diminishing unpleasant sensations. Ribose, when subjected to enzymatic hydrolysis 

and heat treatment with beef bone hydrolysates, generates specific meat taste compounds 

such as 2-methyl pyrazine, dimethyl disulfide, and dimethyl trisulphide. Simultaneously, 

this process suppresses the formation of bitter compounds such as 2-furan methanol (Song 

et al., 2017). 

Other animal protein sources have also been subjected to similar methodologies. 

The fragrance components were enhanced, and the overall flavor was improved by the 

enzymatic hydrolysis of swine lard and goat by-product protein hydrolysates. The use of 

Flavourzyme significantly intensified the taste of chicken bone extracts by the 

augmentation of pyrazine and sulfur compounds. The use of sequential hydrolysis using 

Protamex® and Flavourzyme® resulted in a notable decrease in bitterness and an 

enhancement in the acceptance of taste, as demonstrated by Zhao et al. in 2018. Using 
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thermal treatment on chicken proteins with xylose produces meat tastes that enhance the 

richness and freshness of the final solution (Kim et al., 2021). 

In addition, combining low-valued fish hydrolysates with meat hydrolysates and 

sugars such as xylose can improve the taste of sauces by intensifying meat aromas and 

reducing unpleasant fishy smells. For example, when shrimp hydrolysate is reacted with 

xylose, it produces MRPs (Maillard Reaction Products) that have a strong seafood flavor 

and freshness (Wang et al., 2020). Using fermented tilapia fish head hydrolysate may be 

extended to create a concentrated taste, showcasing the possibility of obtaining a wide 

range of flavor characteristics from different protein sources (Kan et al., 2021). 

 

 

1.5.3. Reaction Conditions of Maillard Reaction 
 

 

The Maillard reaction (MR) is an intricate process that is greatly impacted by 

reaction circumstances, including pH and temperature. These factors substantially impact 

the creation and characteristics of Maillard reaction products (MRPs). 

First and foremost, pH has a crucial impact on MR by affecting the amounts of 

sugars in their open-chain state and the active forms of amino reactants. Alkaline 

circumstances enhance the rearrangement of sugars at a molecular level and facilitate 

nucleophilic addition processes. Amadori compounds, which serve as early intermediates 

in the Maillard reaction (MR), exhibit a higher propensity for 1,2-enolization at pH 8 and 

2,3-enolization at pH 9.7 (Lotfy et al., 2021). The variation in enolization routes impacts 

the nature and amounts of MRPs produced. Moreover, raising the initial reaction pH can 

augment caramelization, albeit its influence is confined to the pH range of 6.7 to 8.0 (Liu 

et al., 2021). 

During the process of microbial respiration (MR), amino groups, sugars, free 

amino acids (FAAs), and peptides are metabolized and broken down, resulting in the 

production of acidic chemicals. For instance, the introduction of cysteine into a soybean 

peptide and D-xylose system leads to a reduction in the final pH. This is because cysteine 

speeds up the production of formic and acetic acids (Lotfy et al., 2021). A research study 

utilizing enzymatically hydrolyzed quinoa protein as a precursor to produce thermal 

process flavorings discovered that altering the pH from 5 to 9 resulted in a shift in the 
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sensory characteristics of the flavors produced, transitioning from a caramel-like taste to 

that of burned coffee. The generation of furan was linked to low pH, whereas pyrazine 

creation was promoted by high pH (Lotfy et al., 2021). Nevertheless, the impact of pH on 

MRPs varies in different systems. Li and Liu (2021) found that the volatile profiles of 

heat-treated pork hydrolysate remained unchanged despite fluctuations in pH. Regardless 

of pH changes, identical quantities of volatile chemicals, such as furfural and furans, were 

formed. 

Temperature is a significant variable that has a notable impact on MR. The 

reaction rate substantially increases as the temperature rises, with each 10°C increment 

leading to a 3-5 times acceleration of the process. Below a temperature of 110°C, the 

polypeptide and xylose system is primarily characterized by cross-linking processes. At 

temperatures over 110°C, the production of tiny molecular molecules increases, 

facilitating the conversion into volatile chemicals such as pyrazine, sulfur-containing 

compounds, and pyrrole (Deng et al., 2023). For instance, the level of furans, which are 

chemicals generated from sugar, escalates when the temperature elevates from 80 to 

140°C in the soybean peptide-xylose system (Deng et al., 2023). Heating xylose and 

chicken hydrolytic peptides at temperatures between 80-100°C for 60-90 minutes 

increases the creation of umami and thick-flavor compounds. However, higher 

temperatures (100-140°C) promote the development of barbecue and meat tastes (Wang 

et al., 2020). 

Nevertheless, temperatures that are too elevated might have adverse 

consequences. They can make malodorous compounds like thiazole, disrupt the binding 

sites of enzymes in polypeptides, and form cellulose analogs that are resistant to 

decomposition and absorption by the human body, hence diminishing the nutritious 

content of meals. In addition, temperatures over 110°C can result in the production of 

hazardous compounds such as acrylamide and advanced glycation end-products (AGEs), 

which can have adverse effects on health (Singh et al., 2021). 
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1.6. Antimicrobial Activity of MRP and Melanoidins 
 

 

Certain antimicrobials have been recorded in the literature as being employed as 

food preservatives to prolong the shelf life of processed foods by regulating bacterial 

growth in the end products. Antimicrobials like potassium sorbate and sodium benzoate 

can hinder the growth of several bacteria, including Vibrio parahaemolyticus, Bacillus 

mucoides, Bacillus subtilis, and Staphylococcus aureus. Various minimum inhibitory 

concentration (MIC) values have been documented for Pseudomonas aeruginosa, 

Escherichia coli, Aspergillus flavus, Candida albicans, Fusarium oxysporum, 

Trichoderma harsianum, and Penicillium italicum (Beuchat LR. 1993). Protamine is an 

antimicrobial agent that hinders the development of bacteria (Potter R et al., 2005). 

Furthermore, nisin is a peptide with a low molecular weight that is synthesized by 

Lactococcus lactis subsp. It is commonly employed as a bacteriocin (Punyauppa-Path S 

et al., 2015). Nisin is commonly employed to manage Listeria monocytogenes by 

exploiting its strong sensitivity to the antimicrobial effects of nisin, particularly against 

Gram-positive bacteria (Delves-Broughton J et al., 1996). 

Nevertheless, several customers voice apprehension over preservatives, 

highlighting potential adverse health consequences (Zhong et al., 2021). When sodium 

benzoate is present in drinks that include ascorbic acid, it can undergo a chemical reaction 

in the solution and produce a carcinogenic compound called benzene (Gardner & 

Lawrence, 1993). In addition, sorbic acid, which is used in soft drinks, bread, and cheese, 

is metabolized in a similar way to certain fatty acids. This reduces the chances of 

generating other negative consequences (Silva et al., 2016). However, sorbic acid has 

been shown to cause allergic responses, such as urticaria (Dendooven et al., 2021). Hence, 

there is an ongoing requirement to create innovative antibacterial substances obtained 

from natural materials and/or food items. 

Ongoing research is being conducted to create novel antimicrobial agents, with a 

specific focus on the antibacterial properties of melanoidins. These compounds are 

anticipated to serve as alternative antimicrobial agents derived from dietary sources. For 

instance, studies have shown that melanoidins derived from roasted coffee could impede 

the development of germs, such as S. aureus (Rufián-Henares & de la Cueva, 2009; 

Rurián-Henares & Morales, 2008). Furthermore, researchers have shown that 
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melanoidins derived from crops like sunflowers exhibit antibacterial properties against S. 

aureus and Escherichia coli O157:H7 (Habinshuti et al., 2019). Furthermore, the Maillard 

reaction products derived from squid skin compounds exhibited antibacterial properties 

against E. coli, methicillin-resistant S. aureus, and Vibrio harveyi, as reported by Ji et al. 

in 2020. 

Staphylococcus aureus is a kind of bacteria that is classified as gram-positive, 

catalase-positive, and coagulase-positive. It is characterized by its clustered spherical 

shape. These bacteria can induce several inflammatory illnesses, such as skin infections, 

pneumonia, endocarditis, septic arthritis, osteomyelitis, and abscesses. In addition, S. 

aureus can induce toxic shock syndrome (TSST-1), scalded skin syndrome (exfoliative 

toxin), and food poisoning (enterotoxin) (Sizar O et al., 2023). S. aureus causes food 

poisoning by synthesizing toxins in food (Kobayashi T. et al., 2015). The incubation 

period ranges from one to six hours, while the duration of the sickness ranges from 30 

minutes to three days. The reference citation is Nakatsuji T. et al., 2016. Effective 

preventive techniques to mitigate the transmission of the disease encompass the complete 

washing of hands with soap and water prior to food preparation. The Centers for Disease 

Control and Prevention advises refraining from consuming food when experiencing 

illness and suggests the use of gloves during food preparation in the event of any open 

wounds on the hands or wrists. It is advisable to keep food at a temperature between 4.4 

°C (40 °F) and 60 °C (140 °F) if it is stored for more than two hours. 

Infectious infections are predicted to be the second leading cause of death 

worldwide. The escalating threat of drug-resistant bacteria is a significant worldwide 

public health issue (Salam et al., 2023). Staphylococcus aureus, a well-known bacterium 

in medical and community settings, is renowned for its resistance to penicillin and other 

antimicrobial drugs (Romero et al., 2021). The resistance is attributed to the synthesis of 

β-lactamase enzymes, with the initial documentation of a penicillin-resistant strain of 

Staphylococcus aureus dating back to 1945 (Bush 2018). The bacteria was initially 

discovered by Friedrich Julius Rosenbach in 1884. However, the utilization of enzyme 

testing to identify a staphylococcal infection caused by coagulase production by this 

microbe did not occur until the 1930s. Later, doctors started identifying and treating 

Staphylococcus aureus infections with penicillin. Before 1940, the mortality rate for those 

infected with Staphylococcus aureus was 75%. Nevertheless, by the late 1940s, a strain 

that was resistant to penicillin had emerged, causing typical penicillin to lose its 

effectiveness in treating the illness (Tălăpan et al., 2023). 
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It is important to recognize, nonetheless, that only a tiny percentage of antibiotics 

with new chemical categories have been launched in the last 30 years. This section will 

provide illustrations of medication categories utilized in treating Staphylococcus aureus 

infections, along with their respective action methods. Vancomycin, a glycopeptide 

antibiotic, is commonly employed for the treatment of serious infections caused by 

methicillin-resistant Staphylococcus aureus (MRSA) strains in patients who are admitted 

to the hospital. It interacts with the dipeptide D-Ala4-D-Ala5 of lipid II, inhibiting the 

transglycosylation and transpeptidation reactions catalyzed by PBP2 (penicillin-binding 

protein 2) and PBP2a (penicillin-binding protein 2). These proteins are crucial for 

bacterial cell wall synthesis, and their inhibition can impede peptidoglycan remodeling 

(Salah et al., 2022).  

 

 

 
 

Figure 3. The cell wall structure of S.aureus (Source: E. Kong et al.,2016). 

 

 

According to Su et al. (2021), a minimum of six gene alterations is necessary to 

decrease the effectiveness of vancomycin. Linezolid, an oxazolidinone medication, 

received approval in the year 2000 to treat difficult-to-treat HA-MRSA infections. 

Linezolid is the sole antibiotic that is entirely synthesized and targets the ribosome. The 

binding site is in the peptidyl transferase center (PTC) within the 50S ribosome subunit. 

It hinders the amino-acyl moiety of aa-tRNA, hence blocking peptidyl transferase and the 

creation of peptide bonds (Toh et al., 2007). Erythromycin is a kind of macrolide 



28 

 

antibiotic that blocks the movement of polypeptides near the peptidyl transferase center 

(PTC). At present, macrolides are not frequently employed for the treatment of 

staphylococcal infections. Nevertheless, they play a crucial part in managing 

Staphylococcus aureus infections. Semisynthetic macrolides, such as clarithromycin and 

azithromycin, are utilized for therapeutic purposes in the treatment of bacterial infections 

caused by microorganisms that are not part of the Staphylococcus genus. Consequently, 

the commensal staphylococci are frequently subjected to macrolides, which might explain 

the prevalent occurrence of erythromycin resistance in clinical samples (Urban-Chmiel et 

al., 2022). 

Escherichia coli (E. coli) is a significant bacterium in the field of food 

microbiology and safety. Food-borne diseases have become a major public health issue 

due to the presence of many microorganisms, such as bacteria, viruses, fungus, parasites, 

and chemical pollutants, in food and water. These disorders cause more than 2,500 

diseases worldwide, impacting almost 600 million people and leading to 420,000 deaths 

per year (Elbehiry et al., 2023). E. coli is a diverse genus of gram-negative bacteria 

consisting of several innocuous strains. However, some pathogenic strains, such as E. coli 

O157 (STEC), are well-known for generating significant food poisoning outbreaks 

(Ramos et al., 2020). 

E. coli is a coliform bacterium belonging to the Enterobacteriaceae family, which 

includes other species including E. adecaroxylate, E. blattae, E. fergusonii, E. hermannii, 

and E. vulneris. This bacterium is a gram-negative, non-spore-forming, facultatively 

anaerobic, rod-shaped microorganism that can survive at temperatures between 7°C and 

45°C. Coliform bacteria, such as Citrobacter, Enterobacter, and Klebsiella, are markers 

of fecal contamination and unsanitary conditions in food. The presence of E. coli in food, 

particularly raw milk, fruits, and vegetables, indicates poor hygiene standards, making it 

an important pathogen to monitor to ensure food and water safety (Lim et al., 2010). 

The relevance of E. coli in food microbiology lies in its function as an indication 

of fecal contamination and its ability to cause serious infections as a pathogenic organism. 

Escherichia coli is commonly found in feces and the surrounding environment, forming 

a significant component of the intestinal microbiota. Pathogenic strains of E. coli can 

generate toxins, resulting in poisoning and causing gastroenteritis. They can also lead to 

severe illnesses such as newborn meningitis, which has significant rates of illness and 

death globally. Intestinal pathogenic E. coli is divided into different pathotypes, such as 

enterotoxigenic (ETEC), enteropathogenic (EPEC), enteroaggregative (EAEC), 
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diffusely-adherent (DAEC), enteroinvasive (EIEC), and enterohemorrhagic (EHEC) 

strains (Luna-Guevara et al., 2019), (Castro-Rosas et al., 2012). 

 

 

 
 

Figure 4. The cell wall structure of E.coli (Source: Y. Haiquan et al.,2019). 

 

 

Antibiotics hinder the growth of E. coli by interfering with crucial bacterial 

activities in various ways. For example, beta-lactam antibiotics such as penicillin disrupt 

the process of cell wall formation, destroying the cell. Tetracyclines hinder protein 

synthesis by attaching to the bacterial ribosome, whereas fluoroquinolones interfere with 

DNA replication by specifically targeting DNA gyrase and topoisomerase IV. 

Sulfonamides and trimethoprim hinder the production of folic acid, which is an essential 

process for the synthesis of nucleotides. The efficacy of these antibiotics is contingent 

upon the strain and its resistance mechanisms, underscoring the importance of meticulous 

selection and monitoring in clinical and food safety contexts (Kapoor et al., 2017). 

Lactococcus lactis is a major species of lactic acid bacteria (LAB) that is 

extensively employed in the dairy sector to produce fermented goods. Lactic acid bacteria 

(LAB) are a kind of bacteria that produce lactic acid as the main result of fermentation. 

This contributes to the distinct aromas and textures found in fermented foods. The 

primary genera of lactic acid bacteria (LAB) consist of Lactobacillus, Leuconostoc, 
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Pediococcus, and Streptococcus. Lactococcus lactis is crucial in dairy fermentation 

processes (Mathur et al., 2005). 

Lactococcus lactis plays a vital role in food microbiology since it is widely 

employed in the fermentation process of dairy products, including cheese, buttermilk, and 

sour cream. The production of lactic acid by this organism reduces the pH of the food, 

which prevents the growth of harmful microorganisms and extends the shelf life of the 

product, so improving food safety. Lactococcus lactis plays a crucial role in enhancing 

the flavor and texture of fermented dairy products, making it an essential component in 

the dairy sector (Clementi et al., 2011). 

Antibiotic inhibition of Lactococcus lactis, like other bacteria, involves disrupting 

essential cellular processes. Commonly used antibiotics include: 

Beta-lactams (e.g., penicillins): These antibiotics hinder the production of cell 

walls by specifically attacking penicillin-binding proteins, resulting in the rupture and 

demise of the cells. 

Tetracyclines: These substances hinder the process of protein synthesis by 

attaching to the 30S ribosomal subunit, which stops the incorporation of amino acids into 

the developing peptide chain. 

Macrolides (e.g., erythromycin): These substances hinder the process of protein 

synthesis by attaching themselves to the 50S ribosomal subunit. This blocks the exit 

tunnel of the ribosome, causing the elongation of proteins to come to a stop. 

Glycopeptides (e.g., vancomycin): They hinder the formation of cell walls by 

attaching to the D-Ala-D-Ala end of cell wall building blocks, therefore blocking their 

integration into the cell wall. 

Candida albicans is a prominent microbe in the field of food microbiology 

because it serves as both a commensal organism and an opportunistic pathogen. This yeast 

often resides on the human skin, genitals, and gastrointestinal systems without causing 

any harm in normal circumstances. Nevertheless, alterations in the host's immune system 

or microbiota can result in significant colonization of the mucosal surfaces and the 

occurrence of infections, both locally and systemically (Li et al., 2022). The incidence of 

Candida bloodstream infections has increased in parallel with developments in medical 

procedures. Among patient samples, C. albicans is the most often isolated yeast, which 

has been associated with higher fatality rates (Bac et al., 2019). 
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Figure 5. The cell wall structure of L. lactis (PG: Peptidoglycan, LTA: Lipoteichoic 

..acids, CM: Cytoplasmic membrane) (Source: Martinez et al., 2020). 

 

 

Opportunities for C. albicans infections to occur in intensive care units (ICUs) 

arise from factors such as colonization of skin and mucous membranes, wounds, 

operations, and the presence of indwelling intravascular catheters (Costa-de-Oliveira et 

al., 2020). A major obstacle in the treatment of Candida albicans infections is the issue of 

diagnosing them accurately. This is because the clinical signs are not specific, and 

discovery is sometimes delayed, leading to a delay in starting antifungal medication (Fang 

et al., 2023). 

Antifungal agents used against C. albicans can be classified into several 

categories, each with distinct mechanisms of action: 

Polyenes: Amphotericin B and nystatin are also included in this class. Polyenes 

specifically act on ergosterol within the fungal cell membrane, creating openings that 

interfere with the integrity of the membrane and ultimately result in the cell's demise 

(Brian et al., 2008). Amphotericin B is considered the most effective treatment for severe 

fungal infections, although its usage is limited due to its nephrotoxicity (Cavassin et al., 

2021). 

Pyrimidine Analogues: 5-Flucytosine is the main medication in this group. 

Within fungal cells, it converts into 5-fluorouracil, which disrupts the synthesis of DNA 

and RNA, hence limiting cellular activity and division. 5-flucytosine is commonly used 

in combination with other antifungals due to its tendency to rapidly build resistance 

(Delma et al., 2021). 



32 

 

Triazoles: Fluconazole, itraconazole, voriconazole, posaconazole, and 

isavuconazole are all part of this extensive class. Triazoles function as inhibitors of the 

enzyme lanosterol 14α-demethylase, which leads to the disruption of ergosterol 

production and the formation of faulty cell membranes (de Oliveira Santos et al., 2018). 

Fluconazole is commonly utilized due to its high level of safety and cost-effectiveness. 

Nevertheless, the presence of resistance mechanisms, such as the increased production of 

efflux pumps and genetic alterations in the ERG11 gene, presents significant obstacles 

(Lee et al., 2021). 

Echinocandins: Echinocandins, such as caspofungin, micafungin, and 

anidulafungin, block the activity of β-(1,3)-glucan synthase, which is necessary to 

produce fungal cell walls. These medications exhibit fungicidal properties and provide a 

highly favorable safety profile, rendering them the preferred first treatment for invasive 

Candida infections (Szymański et al., 2022). 

Candida albicans has several resistance mechanisms, which complicate the 

process of therapy. Polyene resistance to amphotericin B is uncommon but can arise from 

mutations in the ERG3 gene or heightened catalase activity (Bohner et al., 2022). 

Resistance to triazoles frequently occurs through the increased production of efflux 

pumps (such as CDR1 and CDR2) and genetic mutations in the ERG11 gene. The main 

cause of echinocandin resistance is mutations in the FKS1 gene, which codes for β-(1,3)-

glucan synthase, decreasing drug sensitivity (Scorzoni et al., 2021). 

Saccharomyces cerevisiae var. boulardii, a specific kind of Saccharomyces yeast, 

has attracted considerable interest in the field of food microbiology because of its 

beneficial effects as a probiotic. In contrast to Saccharomyces cerevisiae, the baker's yeast 

that does not possess significant health advantages, S. var. boulardii is highly efficient in 

the treatment of acute gastrointestinal diseases such as diarrhea and chronic illnesses such 

inflammatory bowel disease (IBD) (Abid et al., 2022). S.boulardii CNCM I-745, 

manufactured by Laboratoires Biocodex, is the sole yeast probiotic that is backed by 

strong scientific data, as demonstrated in more than 80 randomized clinical studies. It is 

important to emphasize that the effectiveness demonstrated in this strain cannot be 

applied to other strains, such as S. var. boulardii CNCM 1079 (Moré et al., 2018). 
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Figure 6. The cell wall structure of Candida albicans (Source: Lenardon et al., 2020). 

 

 

The significance of S. boulardii in food microbiology stems from its distinct 

function as a probiotic yeast. It enhances gut health through several pathways, such as 

antitoxin effects, physiological protection, control of the microbiota, regulation of 

metabolism, modulation of the immune system, competition with pathogens, and 

interactions with the brain-gut axis (Pais et al., 2020). The diverse range of effects 

exhibited by S.boulardii makes it highly beneficial in dietary supplements and functional 

foods for enhancing gastrointestinal health and general well-being. 

Saccharomyces boulardii is genetically identical to Saccharomyces cerevisiae, 

with a comparable karyotype. Molecular typing techniques, such as pulsed-field gel 

electrophoresis (PFGE) and randomly amplified polymorphic DNA-polymerase chain 

reaction (RAPD-PCR), are used. Restriction fragment length polymorphisms (RFLP) 

analysis has provided evidence that S. boulardii strains form clusters within the S. 

cerevisiae species. This suggests that they are variants of the same species rather than 

separate species (Pais et al., 2020). Phylogenetic investigations and experiments using 

DNA/RNA hybridization provide more evidence for this, showing that S. var. boulardii 

has specifically lost some Ty elements, which distinguishes it from S. cerevisiae 

(Edwards-Ingram et al., 2007). 

Saccharomyces boulardii is added to many food items in the food business to 

improve gastrointestinal health. The use of probiotics is especially beneficial in the 
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management of gastrointestinal problems. Nevertheless, guaranteeing the stability and 

sustainability of S. boulardii in food items presents difficulties. To be efficacious, the 

yeast must endure preparation, storage, and transit via the gastrointestinal system. To 

ensure the probiotic's effectiveness, it is crucial to employ advanced formulation 

processes and rigorous quality control procedures. 

 

 

 
 

Figure 7. Review the key mechanisms that support S. boulardii probiotic activity in the 

.intestinal epithelium (Source: Pais et al., 2020). 

 

 

Saccharomyces cerevisiae, sometimes known as baker's yeast, plays a crucial role 

in the field of food microbiology and is widely used in other industrial applications. The 

widespread utilization of yeast in bread making and the creation of fermented drinks 

highlights its economic and cultural importance. Moreover, S. cerevisiae plays a 

fundamental role in scientific investigations, serving as a model organism to investigate 

a wide range of biological phenomena such as metabolism, aging, apoptosis, gene 

expression regulation, the cell cycle, and signal transduction (Parapouli et al., 2020). 

The significance of S. cerevisiae in food microbiology arises from its adaptable 

use in culinary and health-related settings. As a dietary supplement, it is acknowledged 

for its abundant nutritional composition, including vital minerals such as zinc, selenium, 

phosphorus, magnesium, chromium, B vitamins, amino acids, and proteins. These 

supplements are commonly suggested for those who are suffering weakness, exhaustion, 



35 

 

or problems relating to their skin, hair, and nails. They are also indicated for those who 

are recovering from sickness or surgery (Perli et al., 2020). 

Although S. cerevisiae has useful applications, it is becoming more frequently 

found in other parts of the human body, such as the gastrointestinal, respiratory, and 

vaginal tracts. There are also new reports of diseases caused by this microorganism. 

Although severe infections like fungemia are not common, they are a major worry, 

especially for susceptible groups such as preterm newborns, elderly adults, and patients 

with weakened immune systems (Górzyńska et al., 2024). Infections can vary in severity, 

ranging from localized fungal infections to more widespread illnesses such as fungemia, 

endocarditis, liver abscesses, and pneumonia. The risk factors including intestinal 

translocation, organ spread, and infections connected to catheters (Barros et al., 2023). 

The treatment of S. cerevisiae infections depends on antifungal medications, often 

utilizing fluconazole and amphotericin B as the primary options. Nevertheless, there is 

limited documentation on the susceptibility profile of S. cerevisiae to antifungal 

medications. Reports suggest that fluconazole and itraconazole have high minimum 

inhibitory concentration (MIC) values for this organism. Caspofungin has demonstrated 

favorable in vitro efficacy and is recommended as a viable alternative for therapy 

(Górzyńska et al., 2024). 

 

 

 
 

Figure 8. The cell wall structure of S. cerevisiae (Source: I. Anwar et al., 2017). 
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Recent research has investigated the vulnerability of S. cerevisiae to several 

antifungal medications, including a new compound called manogepix. Manogepix acts as 

an inhibitor of the fungal Gwt1 enzyme, which leads to the disruption of cell wall 

integrity, biofilm development, and germ tube production. As a result, it effectively 

suppresses the growth of fungi (Kapoor et al., 2020). According to Almajid et al. (2024), 

it has a wide range of effectiveness against many types of fungi, including those that are 

resistant to azole and echinocandin. This makes it a potentially effective antifungal 

treatment. 

 

 

1.7. Aim of the Thesis 
 

 

The primary aim of this thesis is to investigate the antimicrobial properties and 

biochemical characteristics of Maillard Reaction Products (MRPs) derived from various 

legume protein hydrolysates, specific chickpea, faba bean, common bean, and soybean 

when reacted with D-glucose under different thermal conditions (175°C to 275°C). This 

study seeks to assess the efficacy of these MRPs against a range of bacterial and fungal 

strains, including Escherichia coli, Staphylococcus aureus, Lactococcus lactis, Candida 

albicans, Saccharomyces var. boulardii, and Saccharomyces cerevisiae. Through 

detailed biochemical characterization using techniques such as UV-Vis spectroscopy, 

FTIR, HPLC, and NMR, the research aims to elucidate the structural and functional 

properties of melanoidins formed in these reactions. Additionally, the study will explore 

the colorimetric changes and browning indices of the MRPs, providing insights into their 

potential applications in food preservation and developing novel food products with 

enhanced safety and health benefits. 
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CHAPTER 2 

 

 

MATERIAL AND METHOD 

 

 
2.1 Alkali Extraction - Acid Precipitation Method For Legumes 

 

 

The alkaline extraction-acid precipitation procedure, as described by Ferreira et 

al. (2018), was used to prepare all four legumes.  

Initially, the beans were pulverized in a blender till they transformed into a fine 

powder. Subsequently, they were filtered using a sieve with a mesh aperture of 150 

microns.  

The lipid extraction process involved combining the sample with n-hexane in 

equal proportions (1:1 ratio) and allowing it to sit in a fume hood for 24 hours to eliminate 

the alcohol. Subsequently, they were diluted with distilled water at a ratio of 1:10, pH 

was adjusted to 9 using 1 Molar NaOH, and agitated for 1 hour. The sample was subjected 

to centrifugation using a Refrigerated Centrifuge, model L535R, at a speed of 11,000 

times the force of gravity (11,000xg) at a temperature of 4 Co for a duration of 20 minutes.  

The liquid portion was extracted, and the acidity was adjusted to 4.5 using a 

solution of 1 Molar Hydrochloric Acid and agitated for a duration of 1 hour. The 

suspensions underwent a second round of centrifugation at a speed of 11,000 times the 

force of gravity at a temperature of 4 Co, for a duration of 20 minutes.  

The resulting solid masses were collected. The pellets that were collected were 

reconstituted in distilled water. The pH was then adjusted to 7. The solution was frozen 

at a temperature of -80 Co and subsequently dried using the Labconco Benchtop Freezer 

for a duration of 24 hours.  
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2.2. Composition Analysis of Protein Isolates  
 

 

2.2.1. Kjeldahl For Protein Determination 
 

 

Exactly 1 gram of each sample (Chickpea seed, Chickpea Protein Isolate, Faba 

bean seed, Faba bean Isolate, Common bean seed, Common Bean Isolate, Soybean seed, 

and Soybean Protein Isolate) was put in a digestion flask. Each flask received an addition 

of 12-15 mL of sulfuric acid, followed by 7 grams of a catalyst combination consisting 

of potassium sulfate and copper sulfate. The specimens were subjected to heating on a 

heating block within the temperature range of 370°C to 400°C until the occurrence of 

white fumes, followed by an additional heating period of 60-90 minutes. After the process 

of digestion was finished, the samples were chilled and carefully mixed with 250 mL of 

distilled water. 

To carry out distillation, a precise measurement of 15 mL of an acid standard 

solution was combined with 70 mL of water, and then 3-4 drops of methyl red indicator 

were added. The sample mixture was rendered very alkaline by adding 80 mL of sodium 

hydroxide solution. Subsequently, the flask was attached to distillation equipment, and 

the resulting liquid was gathered until a volume of 150 mL was achieved. 

The ammonia, when dissolved in the acid-trapping solution, reacted with and 

neutralized a portion of the hydrochloric acid (HCl). The residual acid was titrated using 

a standardized sodium hydroxide (NaOH) solution. The quantity of ammonia that was 

distilled was utilized to ascertain the nitrogen concentration present in the sample. 

The amount of nitrogen was calculated based on the moles of ammonia trapped. 

Using the following equations (2.1.), the mass of nitrogen, the percentage of nitrogen, 

and the crude protein content were determined: (F: 6.25 coefficient factor). 

 
Mass of nitrogen= (Moles of Ammonia) (Moles of N/moles of NH3) (14.01 g N/moles of N) 

 

Nitrogen	(%) 	= 	Mass	of	N	in	sample/Mass	of	analyzed	sample	 × 	100 

 

Crude	protein	(CP%) 	= 	%	N	 × 	F (2.1.) 
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2.2.2. Soxhlet For Lipid Determination 
 

 

The Soxhlet extraction technique was used to quantify the lipid content in 

different seed and protein isolate samples. More precisely, a quantity of 1 gram from each 

sample, including Chickpea seed, Chickpea Protein Isolate, Faba bean seed, Faba bean 

Isolate, Common bean seed, Common Bean Isolate, Soybean seed, and Soybean Protein 

Isolate, was measured and put in individual cellulose or glass fiber thimbles. 

Subsequently, every thimble was placed within the primary compartment of a Soxhlet 

extractor. Hexane, an appropriate solvent for extracting lipids, was introduced into a 

round-bottom flask that was linked to the extractor. The system was furnished with a 

condenser and heated via a heating mantle, enabling the solvent to undergo boiling, 

vaporization, and subsequent condensation into the Soxhlet chamber. The extraction 

procedure was prolonged for a duration of 6 hours to guarantee the occurrence of many 

cycles of solvent extraction. Subsequently, the solvent containing the lipids was collected 

and subjected to evaporation using a rotary evaporator to separate and get the lipid 

extracts. The lipid material that was obtained was measured to quantify the amount 

produced, and the resulting lipid extracts were kept in vials that were labeled for future 

study. This technique guarantees the extraction of lipids from different seed and protein 

isolate samples in a manner that is both efficient and comprehensive, so enabling the 

subsequent study of their lipid content. 

 

 

2.2.3. Ash Content of Samples 
 

 

The ash content of several samples, such as Chickpea seed, Chickpea Protein 

Isolate, Faba bean seed, Faba bean isolate, common bean seed, common bean isolation, 

soybean seed, and soybean protein isolate, was determined using the AOCS Official 

Method. Every individual sample, weighing 1 gram, was carefully put within a crucible 

that had been previously weighed and ensured to be clean and dry. The samples were 

enclosed in crucibles and subsequently sent to a muffle furnace, where they were heated 

to a temperature of 550°C. This temperature was sustained until all organic substances 
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were entirely incinerated, a process that normally lasted around 5-6 hours. Following the 

process of burning, the samples underwent a transformation into a pale gray residue, 

which signifies the achievement of total incineration. Subsequently, the crucibles were 

cautiously extracted from the furnace and cooled in a desiccator to avert moisture 

absorption. After being allowed to cool down to the temperature of the surrounding room, 

the crucibles were reweighed in order to ascertain the mass of the ash. The ash content 

was determined by subtracting the starting weight of the empty crucible from the final 

weight of the crucible with the ash, and then expressing it as a percentage of the beginning 

weight of the sample using the following formula (2.2.): 

 

Ash	content	(%) 	= 	 (Weight	of	ash	/	Initial	sample	weight) 	× 	100	 

 

 

2.3.  Hydrolysis of Legume Proteins 
 

 

Four samples of legumes were hydrolyzed with the Alcalase enzyme (Sigma 

Aldrich) according to the methodology described (Ghribi et al., 2015). This is 

achieved through the addition of 0.8% (v/v) alkalase (2.4 AU/g protein) to 8% (w/w) 

protein isolate dispersions that have been pre-equilibrated at pH 8.0 and 55 °C. The 

reaction was maintained at 55 °C and pH 8.0 with the continuous addition of 0.1 N NaOH 

for various times, including 30 min (H30), 60 min (H60), 90 min (H90), 120 min (H120), 

and 180 min (H180). After the required response time had passed, hydrolysis was 

terminated by inactivating the alkalase at 85 °C for 20 minutes. Controls were prepared in 

H0, which comprised a temperature-treated slurry with pH 8.0 and without alkalase.  

 

 

2.4.  Measurement of Protein Hydrolysis Degree 
 

 

The extent of hydrolysis was assessed by quantifying the α-amino groups liberated 

during the hydrolysis process using the o-phthaldialdehyde (OPA) spectroscopic test, as 

outlined by Church et al. with certain adjustments. According to the procedure outlined 

(2.2.) 
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by Church et al. (1983), 200 μL of OPA reagent (composed of 97.5 mL of 100 mM 

sodium tetraborate with a pH of 9.9, 0.5 mL of 20% SDS, and 5 mg/mL of OPA dissolved 

in 1 mL of methanol) was introduced into Eppendorf tubes. The specimen (either leucine 

standards or hydrolysate) was combined with the reagent, then sealed with aluminum foil 

and subjected to incubation at a temperature of 25 °C for a duration of 5 minutes. 

Subsequently, the sample was placed in an incubator set at a temperature of 37 °C for a 

duration of 20 minutes. A 5 μL portion of the sample (either leucine standards or 

hydrolysate) was combined with 5 mg/mL dithiothreitol dissolved in 1 mL water. The 

mixture was then covered with aluminum foil and kept at a temperature of 25 °C for a 

duration of 5 minutes. Subsequently, the sample was placed in an incubator at a 

temperature of 37 °C for a duration of 20 minutes. Afterwards, the sample underwent 

analysis using UV-Vis spectroscopy at a specific wavelength of 340 nm. The extent of 

hydrolysis was determined using the following equation (2.3.): 

 

DH(%):
CSxDF1xDF2x100

mxHtot  

 

CS denotes the sample concentration that is derived from the linear regression 

equation. DF1 refers to dilution factor 1, which specifies the extent to which the sample 

is diluted before to the OPA technique. DF2 refers to dilution factor 2, which specifically 

indicates the extent to which the sample is diluted during the OPA procedure. m indicates 

the protein concentration in grams per liter, whereas Htot represents the total number of 

peptide bonds in the protein substrate (which is 7.8 millimoles per gram). 

 

 

2.5. Preparation of Maillard Reaction Products 
 

 

2.5.1. Glucose – Glycine Maillard Reaction Model System 
 

 

1 mol of D-glucose and 1 mol of Glycine were each dissolved separately in 

individual beakers for 1 hour. Subsequently, the two solutions were combined into a 

single beaker and stirred for an additional hour. The combined mixture was then frozen 

(2.3.) 
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at -80°C before undergoing lyophilization for 24 hours to remove water content. After 

lyophilization, the water-free samples were transferred to a clean beaker and subjected to 

thermal treatment in an oven at 120°C for 2 hours to induce the Maillard Reaction. This 

process resulted in the formation of melanoidins, which indicates the Maillard Reaction 

products between glucose and glycine. All 20 products were first dissolved in distilled 

water and filtered using Whatman filter paper, then 10 kDa was separated from the filter 

with the help of an ultrafiltration device, the retentate and filtrate parts were separated, 

and retentate part (larger than 10 kDa) was frozen at -80°C and kept in a lyophilized 

device for 24 hours to remove water. 

 

 

2.5.2. Legume Protein Hydrolysates – Glucose Maillard Reaction 

System 
 

 

Equal amounts of Legume Protein Hydrolysates and D-glucose were accurately 

weighed in grams. Maillard reaction was carried out based on the method in (Zhou et al., 

2021). Each component was dissolved separately in phosphate buffer at pH 7 in individual 

beakers. Subsequently, the solutions were combined into a single beaker and stirred for 1 

hour to ensure thorough mixing. After mixing, the combined solution was frozen at -

80°C. The frozen samples were then subjected to lyophilization for 24 hours to remove 

all water content, resulting in dry samples.  

The water-removed samples were then subjected to thermal treatment at five 

different temperatures: 175°C, 200°C, 225°C, 250°C, and 275°C. This thermal treatment 

induced the Maillard Reaction, leading to the formation of melanoidins. Products were 

first dissolved in distilled water and filtered using Whatman filter paper, then 10 kDa was 

separated from the filter with the help of an ultrafiltration device, the retentate and filtrate 

parts were separated, and the retentate part (larger than 10 kDa) were frozen at -80°C and 

kept in a lyophilized device for 24 hours to remove water. 
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2.6.  Colour Measurements of MRPs 
 

 

For the colorimetric analysis of the Maillard Reaction Products (MRPs), an equal 

number of samples was taken from each of the 20 different Maillard Reaction samples. 

The color measurements were performed using a Minolta CM 508d spectrophotometer 

(Minolta Co. Ltd., Osaka, Japan). The spectrophotometer was calibrated, and the 

measurements were taken on a white background to ensure accuracy and consistency. 

 

The color parameters measured were L*, a*, and b*: 

 

L*: This parameter represents the lightness of the sample, ranging from 0 (black) 

to 100 (white). 

a*: This parameter represents the green-red spectrum, where negative values 

indicate green and positive values indicate red. 

b*: This parameter represents the blue-yellow spectrum, where negative values 

indicate blue and positive values indicate yellow. 

These measurements provided quantitative data on the color changes of the MRPs 

resulting from the Maillard Reaction under different thermal conditions. The colorimetric 

data are essential for understanding the visual properties of the MRPs and their potential 

applications in food products. 

 

 

2.7.  Browning Index Determination 
 

 

The Browning Index (BI) (Palou et al., 1999) for each of the 20 Maillard Reaction 

Products (MRPs) was calculated using the color parameters (L*, a*, and b*) obtained 

from the colorimetric analysis. The formula used for calculating the BI is as follows: 

 

BI	 = 	 [100 ∗ (x − 0.31)]	/	0.172 

 

x = (a ∗ +1.75xL ∗)/(5.645xL ∗ +a ∗ −0.3012b ∗) 

(2.3.) 
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The L*, a*, and b* values were plugged into this formula to determine the 

corresponding BI values for each MRP. These BI values provide a quantitative measure 

of each sample's browning intensity, which indicates the extent of the Maillard Reaction 

that has occurred under different thermal conditions. This analysis is crucial for 

understanding the visual and, potentially, the sensory properties of the MRPs, as the 

browning intensity can influence the appearance and acceptability of food products. 

 

 

2.8. UV-Vis Spectroscopy 
 

 

For the UV-Vis spectroscopy analysis, 10 mg samples from two different types of 

faba beans were dissolved in 1 mL of distilled water. These solutions were then diluted 

100-fold to achieve appropriate concentrations for measurement. The samples were 

scanned across a wavelength range of 200 nm to 600 nm to capture the absorbance 

spectrum. Specific absorbance measurements were taken at 420 nm to determine the 

melanoidin content. The melanoidin content was calculated using a standard curve 

generated from glucose-glycine melanoidins, allowing for the quantification of these 

compounds in the samples. This method provides a detailed understanding of the 

melanoidin content and its relation to the Maillard reaction products formed in the legume 

protein hydrolysates. 

 

 

2.9. FTIR Analyzes 
 

 

2.9.1. Only MRP Samples 
 

 

Lyophilized Maillard reaction products were analyzed using an ATR-FTIR 

spectrometer. The analysis was conducted by measuring the absorbance against the 

wavelength, which provided a detailed spectral profile of the samples. This technique 

allowed for the identification of functional groups and the assessment of the chemical 
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composition of the Maillard reaction products. The ATR-FTIR analysis offers valuable 

insights into the molecular changes occurring during the Maillard reaction, contributing 

to a better understanding of the formation and properties of the resulting melanoidins. 

 

 

2.9.2. MRP – Microorganisms 
 

 

The following procedure investigated the interaction between Maillard Reaction 

Products (MRPs) and microorganisms: 100 mg of Fava Bean MRP and 100 mg of 

Chickpea MRP were prepared and separately added into microplate wells. Into each well, 

either Candida albicans or Lactococcus lactis was introduced, with control wells 

containing only the microorganisms without MRPs.  

The microplate wells were incubated for 24 hours under suitable conditions for 

microbial growth. After incubation, the samples were centrifuged at 5000 g for 10 minutes 

to separate the supernatant and pellet. The supernatant was removed, and the pellet was 

resuspended in peptone water, with this washing step repeated three times. The cleaned 

pellet was then transferred to Eppendorf tubes, frozen at -80°C, and lyophilized for 24 

hours to remove moisture.  

The lyophilized samples were then analyzed using Attenuated Total Reflectance 

Fourier-Transform Infrared Spectroscopy (ATR-FTIR), recording spectra as absorbance 

against wavelength to profile chemical interactions and structural changes in the MRPs 

due to the presence of microorganisms. 

  

 

2.10. HPLC - DAD Analysis 
 

 

A modified technique was employed in the HPLC-DAD study to examine the 

melanoidin fractions. The melanoidin fractions were suspended in methanol at a 

concentration of 6 mg/mL. The solution was agitated using an orbital shaker for 1 hour 

and thereafter centrifuged at a speed of 10,000 rpm for a duration of 20 minutes. The 

liquid portion was gathered, and the liquid was removed by evaporation using a nitrogen 
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stream. The remaining substance was subsequently dissolved in a solution of methanol 

and water (5% v/v, 200 μL).  

The solutions, each measuring 20 μL, were examined using a Dionex Ultimate 

3000 HPLC system (Thermo Scientific, Waltham, MA, USA). The system was outfitted 

with a C18 Zorbax Eclipse column (250 × 4.6 mm, 5 μm particle size) and a Diode Array 

Detector (DAD). The experiment utilized a gradient elution technique, employing a 

mixture of acetonitrile and water at a flow rate of 1 mL/min. The gradient started with a 

concentration of 5% acetonitrile, progressively rose to 35% acetonitrile during a time 

span of 30 minutes, and then reached a concentration of 100% acetonitrile at the 42-

minute mark. This technique enabled the efficient isolation and study of the melanoidin 

components, enabling a comprehensive investigation of their chemical characteristics. 

 

 

2.11. Antimicrobial Analysis 
 

 

2.11.1. Test Microorganisms 
 

 

Fungal and bacterial strains obtained from the Izmir Institute of Technology Food 

Engineering Department and IYTE Integrated Research Center were used. The strains 

used were Staphylococcus aureus RSKK 1009, Escherichia coli ATCC 25922, Candida 

albicans DSMZ 5817, Saccharomyces var. boulardii CNCM-I745, Lactococus lactis ssp. 

lactis C24, Saccharomyces cerevisiae. S. aureus and E.coli bacteria were grown on TSA 

(Tryptic Soy Agar), L. lactis on MRS agar, and S. var boulardii, S. cerevisiae, and 

C.albicans yeasts on YPD (Yeast Peptone Dextrose) agar. S. aureus and E. coli bacteria 

were incubated for 24 hours at 37°C, and yeasts were incubated for 48 hours at 35°C, 

after which medium-sized colonies were transferred to liquid culture and incubated under 

the same conditions. 
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2.11.2. Antimicrobial Activity Test 
 

 

Chickpea - D-glucose MRPs and Faba bean - D-glucose MRPs were made using 

100 mg. 100 mg samples were added to a Well plate containing 24 wells (1 mL each 

well), and 990 µL of broth and 10 µL of microorganisms were added. The assay was 

performed with 104 CFU/mL bacteria for each bacterial species and 103 CFU/mL yeast 

for each yeast. S. aureus and E. coli bacteria were incubated for 24 hours at 37°C and 

yeasts were incubated for 48 hours at 35°C in a Thermo Scientific™ Varioskan™ 

Multimode Microplate containing both samples and microorganisms in a 24-well plate 

and wells containing only microorganisms for control.  After incubation, they were 

diluted and plated on agar for colony counts.  

 

 

2.11.3. Well Diffusion Antimicrobial Activity Test 
 

 

Chickpea - D-glucose MRPs and Broad Bean - D-glucose MRPs were performed 

using 50 mg.  Bacteria and yeasts (106 CFU/mL) were first smeared with a swab stick on 

each agar. Then, wells with a diameter of 2 cm were made in the agars, and 50 mg of 

Chickpea-D-glucose MRP and Broad Bean-D-glucose MRP were first added, and 800 μL 

of peptone water was added to ensure diffusion into the agar. S. aureus and E. coli bacteria 

were incubated at 37°C for 24 hours, and yeasts at 35°C for 48 hours.  After incubation, 

zone formation was observed. 

 

 

2.12. 1H-NMR Analysis 
 

 

The faba bean-MRP and chickpea-MRP samples underwent NMR analysis using 

the specified procedure. 10 mg of dried samples obtained from the previously mentioned 

preparation techniques were diluted in 0.5 mL of deuterated water (D2O). The solutions 

were subjected to ultrasonication for a duration of 15 minutes to guarantee thorough 
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dissolution and uniformity. Following ultrasonication, the samples underwent 

centrifugation with a force of 1000 times the acceleration due to gravity for a duration of 

5 minutes to eliminate insoluble particles. The liquid portion obtained from this procedure 

was utilized for the NMR examination. The NMR spectra were acquired with an AV 

III400 M NMR spectrometer manufactured by Bruker in Germany. 1H-NMR spectra 

were obtained to get an in-depth understanding of the structural and compositional 

properties of the melanoidin products formed from faba bean and chickpea protein 

hydrolysates through their Maillard reaction with D-Glucose. This investigation proved 

crucial in comprehending the molecular interactions and chemical composition of the 

Maillard Reaction Products (MRPs) in these legume-based systems. 

 

 

2.13. Statistical Analysis 
 

 

Experiments were rigorously conducted simultaneously, and results were 

presented with standard deviations. Subsequent data analysis was performed using 

Minitab 18.0 software developed by Minitab Inc. and based in State College, PA, USA. 

To assess differences between samples, statistical analysis included applying the analysis 

of variance (ANOVA) and Tukey tests. Statistical analysis of the FTIR analyses was 

performed with MATLAB software. 
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CHAPTER 3 

 

 

RESULTS AND DISCUSSION 

 

 
3.1. Chemical Composition Analysis of Legume Proteins 
 

 

The protein content, determined using the Kjeldahl method, showed significant 

increases in the protein isolates compared to their respective pretreatment samples. 

Chickpea protein isolate exhibited a protein content of 90.297 ± 0.531%, significantly 

higher than its pretreatment sample at 20.497 ± 0.855%. Similarly, faba bean, common 

bean, and soybean isolates displayed protein contents of 91.621 ± 0.348%, 89.273 ± 

0.327%, and 91.884 ± 0.259%, respectively, all significantly higher than their 

pretreatment counterparts. 

Carbohydrate content was notably reduced in the protein isolates compared to the 

pretreatment samples. Chickpea protein isolate had a carbohydrate content of 5.308 ± 

0.570%, compared to 45.510 ± 0.501% in the pretreatment sample. Faba bean, common 

bean, and soybean isolates also showed reduced carbohydrate contents of 5.367 ± 

0.752%, 7.113 ± 0.844%, and 3.407 ± 0.429%, respectively. 

The lipid content, determined using the Soxhlet extraction method, decreased 

significantly in the protein isolates. Chickpea protein isolate had a fat content of 2.730 ± 

0.229%, while its pretreatment sample had 18.707 ± 0.741%. Faba bean, common bean, 

and soybean isolates had fat contents of 1.420 ± 0.437%, 1.517 ± 0.401%, and 3.427 ± 

0.117%, respectively, all lower than their pretreatment states. 

Ash content was measured following the AOCS Official Method, showing a 

decrease in the protein isolates. Chickpea protein isolate exhibited an ash content of 1.697 

± 0.215%, compared to 15.287 ± 0.475% in the pretreatment sample. Faba bean, common 

bean, and soybean isolates had ash contents of 1.593 ± 0.102%, 2.487 ± 0.199%, and 

1.287 ± 0.191%, respectively. 
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These results demonstrate the efficiency of the alkaline extraction-acid 

precipitation method in producing high-protein isolates with reduced carbohydrate, fat, 

and ash contents. The significant increase in protein content and the reduction in other 

components highlight the potential application of these protein isolates in food 

formulations where high protein content is desirable. 

 

 

Table 2. Chemical composition of different legumes pretreatment and after protein 

extraction (%). 

 

 Protein (N 

x 6.25) 

Carbohydrate Lipid Ash 

Chickpea Pretreatment 20.497 ± 

0.855B 

45.510 ± 

0.501B 

18.707 ± 

0.741B 

15.287 ± 

0.475AB 

Protein 

isolate 

90.297 ± 

0.531b 

5.308 ± 

0.570b 

2.730 ± 

0.229a 

1.697 ± 

0.215b 

Faba bean Pretreatment 22.283 ± 

0.384A 

46.601 ± 

0.209AB 

16.183 ± 

0.350C 

14.933 ± 

0.427B 

Protein 

isolate 

91.621 ± 

0.348a 

5.367 ± 

0.752ab 

1.420 ± 

0.437b 

1.593 ± 

0.102b 

Common 

bean 

Pretreatment 19.243 ± 

0.437B 

47.743 ± 

0.836A 

16.937 ± 

0.502C 

16.077 ± 

0.450A 

Protein 

isolate 

89.273 ± 

0.327c 

7.113 ± 

0.844a 

1.517 ± 

0.401b 

2.487 ± 

0.199a 

Soybean Pretreatment 22.747 ± 

0.372A 

40.893 ± 

0.713C 

20.997 ± 

0.435A 

15.457 ± 

0.189AB 

Protein 

isolate 

91.884 ± 

0.259a 

3.407 ± 

0.429c 

3.427 ± 

0.117a 

1.287 ± 

0.191b 

 

Notes: Results are shown as means ± standard deviation, columns with different 

lowercase or uppercase letters differ statistically (p≤0.05). 
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3.2. Degree of Hydrolysis Determination 
 

 

The results demonstrated a progressive increase in hydrolysis over time for all 

legume protein isolates. At the 30-minute mark, the DH values were relatively low, with 

chickpea exhibiting 7.24 ± 0.44%, faba bean 6.83 ± 0.29%, common bean 5.25 ± 0.35%, 

and soybean 5.27 ± 0.27%. As the hydrolysis duration increased, the DH values also 

increased significantly. At 60 minutes, chickpea showed a DH of 12.84 ± 0.43%, faba 

bean 11.60 ± 0.40%, common bean 8.90 ± 0.52%, and soybean 7.73 ± 0.33%. 

 

 

Table 3. Degree of hydrolysis of legume proteins. 

  

 

Notes: Results are shown as means ± standard deviation, columns with different 

uppercase letters differ statistically (p≤0.05). 

 

Degree of 

Hydrolysis  

(%) 

Time  

Chickpea Faba Bean Common Bean Soybean 

0 min 0 0 0 0 

30 min 7.24 ± 0.44A 6.83 ± 0.29A 5.25 ± 0.35A 5.27 ± 0.27A 

60 min 12.84 ± 0.43B 11.60 ± 0.40B 8.90 ± 0.52B 7.73 ± 0.33B 

90 min 16.83 ± 0.56C 16.02 ± 0.22C 14.39 ± 0.63C 13.75 ± 0.23C 

120 min 21.92 ± 0.29D 19.33 ± 0.27D 18.63 ± 0.18D 18.21 ± 0.51D 

180 min 26.41 ± 0.47E 22.50 ± 0.41E 20.00 ± 0.47D 19.62 ± 0.35D 
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Further hydrolysis led to even higher DH values, with chickpea reaching 16.83 ± 

0.56%, faba bean 16.02 ± 0.22%, common bean 14.39 ± 0.63%, and soybean 13.75 ± 

0.23% at 90 minutes. The trend continued at 120 minutes, where chickpea exhibited a DH 

of 21.92 ± 0.29%, faba bean 19.33 ± 0.27%, common bean 18.63 ± 0.18%, and soybean 

18.21 ± 0.51%. Finally, at 180 minutes, chickpea showed the highest degree of hydrolysis 

at 26.41 ± 0.47%, followed by faba bean at 22.50 ± 0.41%, common bean at 20.00 ± 

0.47%, and soybean at 19.62 ± 0.35%. 

These results indicate that chickpea protein isolates undergo the most extensive 

hydrolysis among the legumes studied, followed by faba bean, common bean, and 

soybean. With time, the increasing degree of hydrolysis reflects the effective enzymatic 

breakdown of protein structures, resulting in the release of α-amino groups.  

 

 

3.3. Color Measurements of Legume Protein Hydrolysates – D-Glucose  
 

 

At 175°C, the common bean MRP showed an L* value of 6.715 ± 0.092, 

indicating a darker color compared to faba bean and chickpea MRPs, which had L* values 

of 7.390 ± 0.526 and 7.127 ± 0.392, respectively. Soybean MRP had the lowest L* value 

of 6.321 ± 0.171 at this temperature. The a* values indicated a more pronounced red hue 

in faba bean (6.511 ± 0.130) and chickpea (6.613 ± 0.174) MRPs, while common bean 

and soybean MRPs exhibited lower a* values of 3.277 ± 0.423 and 3.360 ± 0.075, 

respectively. The b* values were highest for faba bean (11.700 ± 0.340) and chickpea 

(11.017 ± 0.705) MRPs, reflecting a strong yellow hue, whereas common bean and 

soybean MRPs had lower b* values of 8.553 ± 0.270 and 8.813 ± 0.197, respectively. 

At 200°C, L* values generally increased slightly for all MRPs, with common bean 

MRP reaching 7.733 ± 0.092, faba bean 7.347 ± 0.580, chickpea 7.503 ± 0.445, and 

soybean 7.453 ± 0.468. The a* values decreased for common bean (2.043 ± 0.468) and 

soybean (2.733 ± 0.081) MRPs, while chickpea MRP showed a higher a* value of 4.963 

± 0.141. The b* values remained relatively high, with chickpea MRP exhibiting the 

highest value at 10.663 ± 0.474. 
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Table 4. Color parameters of MRPs. 

 

 L* a* b* 

Common bean MRP 

(175°C) 

6.715 ± 0.092EFGHI 3.277 ± 0.423C 8.553 ± 0.270D 

Faba bean MRP 

(175°C) 

7.390 ± 0.526EFGH 

 

6.511 ± 0.130A 11.700 ± 0.340A 

Chickpea MRP 

(175°C) 

7.127 ± 0.392EFGHI 6.613 ± 0.174A 11.017 ± 0.705AB 

Soybean MRP 

(175°C) 

6.321 ± 0.171HI 3.360 ± 0.075C 8.813 ± 0.197D 

Common bean MRP 

(200°C) 

7.733 ± 0.092CDEF 2.043 ± 0.468E 8.3233 ± 0.131D 

Faba bean MRP 

(200°C) 

7.347 ± 0.580EFGH 2.817 ± 0.326CD 8.777 ± 0.191D 

Chickpea MRP 

(200°C) 

7.503 ± 0.445EFG 4.963 ± 0.141B 10.663 ± 0.474BC 

Soybean MRP 

(200°C) 

7.453 ± 0.468EFG 2.733 ± 0.081CD 9.993 ± 0.603C 

Common bean MRP 

(225°C) 

8.730 ± 0.191BC 1.420 ± 0.187F 8.3267 ± 0.106D 

Faba bean MRP 

(225°C) 

7.3233 ± 0.081EFGH 1.123 ± 0.145F 7.196 ± 0.0945E 

Chickpea MRP 

(225°C) 

6.093 ± 0.161I 2.726 ± 0.069CD 8.400 ± 0.0557D 

Soybean MRP 

(225°C) 

9.843 ± 0.249A 2.5367 ± 

0.1358DE 

10.5367 ± 

0.109BC 

Common bean MRP 

(250°C) 

7.633 ± 0.482DEF -0.960 ± 0.180HIJ 5.230 ± 0.060GH 

Faba bean MRP 

(250°C) 

8.690 ± 0.075BCD -1.197 ± 0.174IJ 4.583 ± 0.111H 

(cont. on next page) 
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Table 4 (cont.) 

Chickpea MRP 

(250°C) 

7.530 ± 0.1353EFG -0.367 ± 0.097GH 6.433 ± 0.096EF 

Soybean MRP 

(250°C) 

7.593 ± 0.336EF -0.2833 ± 0.075G 6.133 ± 0.0961F 

Common bean MRP 

(275°C) 

10.483 ± 0.196A -0.880 ± 0.102GHI 4.793 ± 0.152H 

Faba bean MRP 

(275°C) 

9.733 ± 0.052AB -1.513 ± 0.101J 4.4533 ± 0.162H 

Chickpea MRP 

(275°C) 

6.4567 ± 0.077GHI -0.651 ± 0.070GHI 4.600 ± 0.040H 

Soybean MRP 

(275°C) 

8.070 ± 0.506CDE -0.843 ± 0.072GHI 5.797 ± 0.225FG 

 

Notes: Results are shown as means ± standard deviation, columns with different 

uppercase letters differ statistically (p≤0.05). 

 

 

At 225°C, a significant increase in L* values were observed for soybean MRP 

(9.843 ± 0.249), indicating a lighter color, while common bean and faba bean MRPs 

showed L* values of 8.730 ± 0.191 and 7.323 ± 0.081, respectively. Chickpea MRP had 

a lower L* value of 6.093 ± 0.161. The a* values decreased across the board, with faba 

bean MRP showing the lowest value of 1.123 ± 0.145. The b* values for soybean MRP 

remained high at 10.537 ± 0.109, while common bean, faba bean, and chickpea MRPs 

had lower b* values of 8.327 ± 0.106, 7.196 ± 0.095, and 8.400 ± 0.056, respectively. 

At higher temperatures of 250°C and 275°C, L* values increased further, with 

common bean MRP reaching 10.483 ± 0.196 at 275°C, indicating significant lightening. 

Faba bean MRP showed a high L* value of 9.733 ± 0.052 at 275°C, while chickpea and 

soybean MRPs had lower values. The a* values turned negative for several MRPs at these 

temperatures, indicating a shift towards the green spectrum, with faba bean MRP showing 

the lowest a* value of -1.513 ± 0.101 at 275°C. The b* values also decreased, particularly 

for faba bean and common bean MRPs, indicating reduced yellowness. 
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3.4. Browning Index Determination 
 

 

Browning index values shown in Table 5. At 175°C, chickpea MRPs exhibited 

the highest browning intensity with a BI of 75.76 ± 2.78, closely followed by faba bean 

MRPs at 73.64 ± 2.77. Soybean and common bean MRPs showed lower BI values of 

49.84 ± 1.45 and 45.05 ± 2.76, respectively. This indicates a more pronounced browning 

reaction in chickpea and faba bean MRPs at this temperature. 

As the temperature increased to 200°C, the BI values generally decreased. 

Chickpea MRPs still maintained a relatively high BI of 58.98 ± 3.05, while faba bean and 

soybean MRPs showed moderate BI values of 39.08 ± 1.88 and 38.09 ± 2.01, 

respectively. Common bean MRPs exhibited the lowest BI at this temperature, with a 

value of 29.85 ± 4.15. 

At 225°C, a further reduction in BI values was observed. Chickpea MRPs 

displayed a BI of 45.34 ± 0.58, significantly higher than the other legumes, indicating that 

chickpea MRPs continue to undergo significant browning. Faba bean and soybean MRPs 

had similar BI values of 21.12 ± 0.84 and 29.28 ± 0.17, respectively, while common bean 

MRPs had a BI of 21.44 ± 0.98. 

 

 

Table 5. Browning index values. 

 

MRP Products Browning Index Values 

Common Bean (175°C) 45.05 ± 2.76C 

Faba Bean (175°C) 73.64 ± 2.77A 

Chickpea (175°C) 75.76 ± 2.78A 

Soybean (175°C) 49.84 ± 1.45B 

Common Bean (200°C) 29.85 ± 4.15D 

Faba Bean (200°C) 39.08 ± 1.88C 

Chickpea (200°C) 58.98 ± 3.05B 

Soybean (200°C) 38.09 ± 2.01C 

(cont. on next page) 
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Table 5 (cont.) 

Common Bean (225°C) 21.44 ± 0.98D 

Faba Bean (225°C) 21.12 ± 0.84D 

Chickpea (225°C) 45.34 ± 0.58C 

Soybean (225°C) 29.28 ± 0.17D 

Common Bean (250°C) -2.57 ± 1.58G 

Faba Bean (250°C) -5.03 ± 1.16H 

Chickpea (250°C) 5.08 ± 0.60E 

Soybean (250°C) 5.46 ± 0.58E 

Common Bean (275°C) -1.65 ± 0.55G 

Faba Bean (275°C) -7.10 ± 0.75I 

Chickpea (275°C) -0.31 ± 0.73F 

Soybean (275) -0.55 ± 0.59F 

 

Notes: Results are shown as means ± standard deviation, columns with different 

uppercase letters differ statistically (p≤0.05). 

 

 

At higher temperatures of 250°C and 275°C, negative BI values were recorded for 

some MRPs, indicating a possible degradation or different browning dynamics at these 

elevated temperatures. Common bean and faba bean MRPs exhibited negative BI values 

at both temperatures, with common bean MRPs at -2.57 ± 1.58 (250°C) and -1.65 ± 0.55 

(275°C), and faba bean MRPs at -5.03 ± 1.16 (250°C) and -7.10 ± 0.75 (275°C). Chickpea 

and soybean MRPs showed slightly positive or less negative BI values, with chickpea 

MRPs at 5.08 ± 0.60 (250°C) and -0.31 ± 0.73 (275°C), and soybean MRPs at 5.46 ± 0.58 

(250°C) and -0.55 ± 0.59 (275°C).  

These results highlight the significant variations in browning intensity among 

different legume MRPs, influenced by both the type of legume and the thermal conditions. 
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3.5. Antimicrobial Analysis 
 

 

The results indicated varying degrees of antimicrobial activity for the different 

MRPs as shown in Table 6. For Escherichia coli, the chickpea MRP at 175°C achieved a 

log reduction of 0.98, reducing the final concentration from an initial 2.5 x 106 CFU/mL 

to 3.02 x 108 CFU/mL. Faba bean MRP at 175°C showed a slightly lower log reduction 

of 0.79. Against Staphylococcus aureus, chickpea MRP exhibited a log reduction of 0.84, 

while faba bean MRP showed a log reduction of 0.77. 

Lactococcus lactis displayed the highest sensitivity to the MRPs, with chickpea 

MRP achieving a log reduction of 2.67 and faba bean MRP showing a log reduction of 

2.43. For Saccharomyces cerevisiae var. boulardii, chickpea MRP resulted in a log 

reduction of 1.52, whereas faba bean MRP achieved a log reduction of 1.26. In the case 

of Saccharomyces cerevisiae, the chickpea MRP had a log reduction of 1.47, while the 

faba bean MRP showed a log reduction of 1.75. 

Candida albicans was also effectively inhibited by the MRPs, with chickpea MRP 

achieving the highest log reduction of 2.92, reducing the final concentration from an 

initial 1.4 x 103 CFU/mL to 1.1 x 105 CFU/mL. Faba bean MRP showed a log reduction 

of 1.88 against C. albicans. 

 

 

Table 6. Antimicrobial activity of Chickpea hydrolysate – glucose and Faba bean 
.hydrolysate – glucose MRPs. 

 

 Microorganisms Initial 
Concentration 

Final 
Concentration 

Log 
reduction 

Control 
 
 

Escherichia coli 

2.5 x 106 
CFU/mL 

2.95 x 109 
CFU/mL 

 

Faba Bean 
175°C 

2.5 x 106 
CFU/mL 

4.73 x 108 
CFU/mL 

0.77 ± 
0.035 A 

Chickpea 
175°C 

2.5 x 106 
CFU/mL 

3.02 x 108 
CFU/mL 

0.84 ± 
0.034 B 

(cont. on next page) 
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Table 6 (cont.) 

Control 
 
 

Staphylococcus aureus 

3.7 x 106 
CFU/mL 

1.97 x 108 
CFU/mL 

 

Faba Bean 
175°C 

3.7 x 106 
CFU/mL 

3.34 x 107 

CFU/mL 
0.79 ± 
0.095 A 

Chickpea 
175°C 

3.7 x 106 
CFU/mL 

2.84 x 107 
CFU/mL 

0.98 ± 
0.097 C 

Control 
 
 

Lactococcus lactis 

2.5 x 104 

CFU/mL 
9.5 x 107 

CFU/mL 
 

Faba Bean 
175°C 

2.5 x 104 

CFU/mL 
3.5 x 105 

CFU/mL 
2.43 ± 
0.120 D 

Chickpea 
175°C 

2.5 x 104 

CFU/mL 
2 x 105 

CFU/mL 
2.67 ± 
0.130 D 

Control 
 
 

Saccharomyces 
cerevisiae var. 

boulardii 

1.8 x 103 

CFU/mL 
4.78 x 107 

CFU/mL 
 

Faba Bean 
175°C 

1.8 x 103 

CFU/mL 
2.6 x 106 

CFU/mL 
1.26 ± 
0.130 E 

Chickpea 
175°C 

1.8 x 103 

CFU/mL 
1.43 x 105 

CFU/mL 
1.52 ± 
0.150 E 

Control 
 
 

Saccharomyces 
cerevisiae 

1.2 x 103 

CFU/mL 
1.7 x 107 

CFU/mL 
 

Faba Bean 
175°C 

1.2 x 103 

CFU/mL 
2.75 x 105 

CFU/mL 
1.75 ± 
0.140 F 

Chickpea 
175°C 

1.2 x 103 

CFU/mL 
5.7 x 105 

CFU/mL 
1.47 ± 
0.130 E 

Control 
 
 

Candida albicans 

1.4 x 103 
CFU/mL 

9.2 x 107 
CFU/mL 

 

Faba Bean 
175°C 

1.4 x 103 
CFU/mL 

1.19 x 106 
CFU/mL 

1.88 ± 
0.52 F 

Chickpea 
175°C 

1.4 x 103 
CFU/mL 

1.1 x 105 
CFU/mL 

2.92 ± 
0.48 D 

 

Notes: Results are shown as means ± standard deviation, columns with different 

uppercase letters differ statistically (p≤0.05). 
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These results demonstrate that chickpea MRPs generally exhibit higher 

antimicrobial activity than faba bean MRPs across the tested microorganisms. The 

significant log reductions, particularly against Lactococcus lactis and Candida albicans, 

suggest the potential application of chickpea MRPs as effective natural antimicrobial 

agents in food preservation and safety. 

 

 

 
 

Figure 9. L.lactis and Chickpea Hydrolysate and Faba bean Hydrolysate MRP samples 

.colony count. 

 

 

 

 
 

Figure 10. C.albicans, S.cerevisiae, and S.boulardii control groups' colony count. 
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Figure 11. C.albicans - Chickpea hydrolysate MRP and Faba bean hydrolysate MRP 

.colony count. 

 

 

 

 
 

Figure 12. S. cerevisiae- Chickpea hydrolysate MRP and Faba bean Hydrolysate MRP 

colony count. 
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Figure 13. S. boulardii- Chickpea hydrolysate MRP and Faba bean hydrolysate MRP 

colony count. 

 

 

3.6. Well Diffusion Antimicrobial Test 
 

 

This lack of zone formation indicates that both Chickpea-D-glucose MRPs and 

Broad Bean-D-glucose MRPs did not exhibit detectable antimicrobial activity against the 

selected bacterial and yeast strains under the conditions tested. 

 

 

 
 

Figure 14. Well diffusion antimicrobial activity of Faba bean hydrolysate - glucose MRP 

and Chickpea hydrolysate - glucose MRP on C.albicans,  S. cerevisiae var. 

boulardii, and S. cerevisiae. 
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Figure 15. Well diffusion antimicrobial activity of Faba bean hydrolysate - glucose MRP 

and Chickpea hydrolysate - glucose MRP on L.lactis and S. aureus. 

 

 

3.7. HPLC Analysis 
 

 

HPLC chromatograms of chickpea-MRP samples shown in Figure 16 and faba 

bean-MRP sample shown in Figure 17. For the chickpea-MRP samples, significant peaks 

were observed at retention times of approximately 2.5, 4.25, 5.6, 6.0, 7.5, and 9.75 

minutes. The most prominent peak appeared at 7.5 minutes, followed by another major 

peak at 9.75 minutes. The faba bean-MRP samples exhibited peaks at retention times of 

2.5, 4.25, 7.5, and 9.5 minutes, with the largest peak occurring at 9.5 minutes, which was 

slightly different from the chickpea-MRP profile. These differences in retention times 

and peak intensities suggest variations in the melanoidin composition between chickpea 

and faba bean MRPs, indicating that faba bean MRPs might contain a higher 

concentration or diversity of melanoidins. 

Comparatively, standard compounds in Maillard browning, such as furans, 

furanone, pyrroles, and pyrazines, have known retention times and maximum absorbance 

wavelengths (λmax) that can be used as references for identifying the compounds present 

in MRPs (Bailey et al., 1996; Tressl et al., 1995). The study by Bailey et al. (1996) further 

classifies the HPLC-DAD chromatographic behavior of Maillard reaction products into 

unretained peaks, convex broad bands, tailing broad bands, and resolved peaks. The 

observed chromatograms in our analysis show resolved peaks and some broad bands, 

suggesting the presence of high molecular weight melanoidin polymers. 
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Figure 16. HPLC chromatogram of chickpea-MRP sample. 

 

 

 

 
 

Figure 17. HPLC chromatogram of faba bean-MRP sample. 

 

 

Our findings align with previous studies indicating the formation of complex 

mixtures of melanoidin compounds during the Maillard reaction. For instance, the major 

resolved peak at approximately 10 minutes in both aqueous and ethanolic solutions 

reported by Bailey et al. (1996) corresponds to the peaks observed in our analysis, 
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suggesting similar reaction pathways and compound formations. The presence of these 

compounds, particularly the high molecular weight melanoidin polymers, underscores the 

potential functional properties of chickpea and faba bean MRPs in food applications, 

contributing to enhanced color, flavor, and possibly antioxidant activities. 

 

 

3.8. UV-Vis Spectrophotometer 
 

 

The results can be seen in Figure 18, revealing that both faba bean-MRP and 

chickpea-MRP exhibited similar absorption peaks, with the highest peak observed at 

approximately 285 nm. However, the absorbance intensity of faba bean-MRP was notably 

higher than that of chickpea-MRP, indicating a greater concentration of Maillard reaction 

products in the faba bean samples. The calculated melanoidin concentrations from the 

standard curve were 5.1 mg/mL for faba bean-MRP and 4.2 mg/mL for chickpea-MRP, 

demonstrating that faba bean hydrolysates produce a higher yield of melanoidins than 

chickpea hydrolysates. 

 

 

 
 

Figure 18. UV-Vis results of Maillard reaction products (Blue peak: Faba bean-MRP, 

Black peak: Chickpea-MRP). 
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These findings are consistent with those reported in the literature. For instance, 

the UV-Vis spectra of MRPs from various sugar-amino acid models typically show 

absorption peaks around 265 nm and 285 nm, which are indicative of melanoidin 

formation (Yu et al., 2012). Moreover, it has been observed that MRPs from hexoses 

(such as glucose and fructose) display a broad absorption peak around 265 nm, whereas 

MRPs from pentoses (like ribose and xylose) exhibit sharper peaks at the same 

wavelength, often with significantly higher absorbance (Hwang et al., 2011). 

The comparative analysis with literature highlights the distinct UV-Vis spectral 

patterns associated with different sugar and amino acid combinations, underscoring the 

variability in MRP composition based on the reactants. In our study, the pronounced peak 

at 285 nm and the higher absorbance in faba bean-MRP suggest a more extensive Maillard 

reaction, possibly due to the presence of more reactive amino acids or higher initial sugar 

concentrations in faba beans compared to chickpeas. 

 

 

3.9. FTIR Analyzes 
 

 

FTIR spectroscopy was used as the method of choice for analyzing the MRPs at 

the functional group level. The results can be seen in Figures 19, 20, 21 and 22. The whole 

spectra between the wavenumbers of 4000 and 400 cm-1 showed that the chickpea protein 

MRPs underwent structural changes before 175 Co as seen in Figure 19. As the 

temperature rose to 275 Co, the structural changes became more apparent. However, the 

structural changes were induced for the 250 Co and 275 Co applications for the common 

bean samples due to the changes in the overall shapes of the amide I and amid II bands 

between 1700 cm-1 and 1480 cm-1 as seen in Figure 20. Similar results were observed for 

the faba bean protein hydrolysates in Figure 21 and for the soybean protein hydrolysates 

in Figure 22. If the spectra were investigated for different spectral regions, the changes 

were apparent in the aliphatic region between 3000 cm-1 and 2800 cm-1. Increasing the 

temperature weakened the bands at 2927 cm-1 for the 250 Co and 275 Co applications in 

the chickpea MRP samples. In addition, the bands at 2981 cm-1 and 2972 cm-1. The band 

at 2855 cm-1 weakened also. 
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Figure 19. Chickpea protein hydrolysate - glucose MRP at different temperatures. 

 

 

 

 
 

Figure 20. Common bean protein hydrolysate - glucose MRP at different temperatures. 

 

 

In the common bean MRP samples, the amid A band between 3700 cm-1 and 3000 

cm-1 disappeared gradually with the increasing temperature, indicating the loss of C-O 
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stretching vibrations in the protein structure. The same is true for the faba bean MRP 

samples in Figure 21 and the soybean MRP samples in Figure 22. 

 

 

 
 

Figure 21. Faba bean protein hydrolysate - glucose MRP at different temperatures. 

 

 

 

 
 

Figure 22.  Soybean protein hydrolysate - glucose MRP at different temperatures. 
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Important changes were also observed in the carbonyl compounds. In the chickpea 

MRP samples, the carbonyl band at 1744 cm-1 disappeared for the 250 Co and 275 Co 

samples, indicating the loss of the stability of these compounds with the increasing 

temperature. The same is true for the soybean and common bean MRP samples. 

The changes in the fingerprint region of the FTIR spectra were also observed, such 

as the CH3 and CH2 bands at around 1457 cm-1 and 1380 cm-1, respectively. These bands 

are the side chain vibration bands of the amino acids. The band at 1380 cm-1 disappeared, 

indicating the changes in the amino acid level at elevated temperature levels. However, 

some bands appeared, such as the one at 1238 cm-1 in the chickpea and soybean MRP 

samples and the band at 1138 cm-1 for the common bean MRP samples. In addition, some 

extra bands appeared with the application of elevated temperatures in the soybean MRP 

samples, such as the ones at 1162 cm-1, 1030 cm-1, and 898 cm-1. 

MRPs are important antimicrobials. Therefore, experiments were designed to 

investigate the effect of these MRPs on the cellular macromolecules and, hence, their 

structure and composition. The effect of chickpea protein hydrolysate on C. albicans as 

an important human pathogen in Figure 23.  

 

 

 
 

Figure 23. Blue peak is control (only C.albicans), Black peak is C.albicans treated with 

.Chickpea MRP. 
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When the spectral regions were analyzed individually, it can be said that chickpea 

MRP increased the lipid/ protein ratio, as seen in Figure 24. In addition, the changes in 

the cellular proteome were apparent based on the results obtained in the amide I and amid 

II bands, as seen in Figure 25. In the fingerprint region, C. albicans cells treated with 

chickpea MRPs, the band at 1030 cm-1 showed decreases when the bands in this region 

were normalized with respect to the PO2-2 asymmetric stretching band as seen in Figure 

26, which might be due to the decreases in the synthesis of glycogen stores within the 

cellular cytoplasm. 

 

 

 
 

Figure 24. Blue peak is control (only C.albicans), Black peak is C.albicans treated with 

Chickpea MRP. 
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Figure 25. Blue peak is control (only C.albicans), Black peak is C.albicans treated with 

Chickpea MRP. 

 

 

 

 
 

Figure 26. Black peak is C.albicans and Blue peak is C.albicans treated with Chickpea 

MRP. 
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The effect of chickpea protein hydrolysate on L. lactis as an important procaryote 

is presented in Figure 27, 28, 29, and 30. In Figure 27 the effect of chickpea hydrolysate 

MRP on L. lactis cells was investigated in the aliphatic spectral region. In this region, 

CH3 asymmetric stretching at around 2960 cm-1 decreased when normalized with respect 

to CH2 asymmetric stretching vibration. This corresponds to an increase in the chain 

length of the aliphatic chains in the cellular membranes due to the increased actions of 

elongates because of the cellular-physiological stress due to the presence of the chickpea 

MRPs. This indicates another mode of action of this protein-hydrolysate-based MRP. 

The basic mode of action of melanoidins is due to their iron-quenching capacities. 

However, our results indicated a clear change in the cell membrane physiology. The effect 

of chickpea protein hydrolysate MRPs on protein metabolism and content was 

investigated in Figures 28 and 29. The amide A band in Figure 28 and the amide I and II 

bands did not show significant changes. Therefore, we concluded that the chickpea 

hydrolysates did not induce changes in the cellular protein physiology considerably. 

However, the same is not true for the fingerprint region. The PO2-2 symmetric stretching 

vibration downshifted to lower band numbers upon treatment with the chickpea protein 

hydrolysate-based MRPs, indicating changes in the structure and coiling of the bacterial 

nucleic acids, as seen in Figure 30. 

  

 

 
 

Figure 27. Green peak is control (L.lactis only), Black peak is L.lactis treated with 

.Chickpea MRP. 
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Figure 28. Green peak is control (only L.lactis), Black peak is L.lactis treated with 

Chickpea MRP. 

 

 

 

 
 

Figure 29. Green peak is control (only L.lactis), Black peak is L.lactis treated with 

.Chickpea MRP. 
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Figure 30. Green peak is control (only L.lactis), Black peak is L.lactis treated with 

.Chickpea MRP. 

 

 

3.10. 1H-NMR Analysis 
 

 

The 1H-NMR spectrum of the faba bean-MRP exhibited several distinct peaks. 

The peak at δ 2.0 ppm was attributed to the methyl protons of N-acetyl glucosamine (HN-

COCH3), indicating the presence of this amino sugar derivative. Additional peaks at δ 

1.86 ppm (dimethyl-formamide, CH3), δ 1.21 ppm (tert-butyl methyl ether, CCH3), and δ 

1.23 ppm (n-pentane, CH2) were also observed, suggesting the incorporation of various 

aliphatic compounds. The region between δ 3.0 to 4.0 ppm displayed multiple peaks, 

indicative of glucose moieties, which is consistent with the formation of sugar derivatives 

during the Maillard reaction. The largest peak observed was due to D2O is the solvent 

used in the analysis. 

Similarly, the 1H-NMR spectrum of the chickpea-MRP revealed comparable 

structural features. The peaks at δ 2.0 ppm (methyl protons of N-acetyl glucosamine, HN-

COCH3), δ 1.86 ppm (dimethyl-formamide, CH3), and the region between δ 3.0 to 4.0 

ppm (glucose moieties) were also present, highlighting the similarities in the chemical 

composition of MRPs derived from different legume sources. The largest peak, as 

expected, corresponded to D2O. 
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Figure 31. 1H-NMR result of Faba bean MRP. 

 

 

These findings align with previous studies, such as those by Arata Badano et al. 

(2019) and Kasaai (2010), which characterized similar peaks in the NMR spectra of 

chitosan derivatives. The consistent observation of peaks corresponding to N-acetyl 

glucosamine and glucose moieties in both faba bean and chickpea MRPs underscores the 

involvement of these components in the Maillard reaction, contributing to the formation 

of complex melanoidin structures. 

 

 

 
 

Figure 32. 1H -NMR result of Chickpea MRP. 
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3.11. Discussion 
 

 

The chemical composition analysis of legume protein isolates in this study 

demonstrated significant changes from their respective pretreatment states, highlighting 

the efficiency of the alkaline extraction-acid precipitation method in producing high-

protein isolates. The protein content of chickpea, faba bean, common bean, and soybean 

isolates significantly increased to 90.297 ± 0.531%, 91.621 ± 0.348%, 89.273 ± 0.327%, 

and 91.884 ± 0.259%, respectively, compared to their pretreatment values of 20.497 ± 

0.855%, 22.283 ± 0.384%, 19.243 ± 0.437%, and 22.747 ± 0.372%. This significant 

increase in protein content is consistent with findings from other studies, where protein 

levels of legume protein isolates prepared by isoelectric precipitation ranged from 80.8% 

to 97.1% on a dry weight basis (Karaca et al., 2011; Sánchez-Vioque et al., 1999). 

Carbohydrate content in the protein isolates was notably reduced, with chickpea 

protein isolate containing 5.308 ± 0.570%, faba bean 5.367 ± 0.752%, common bean 

7.113 ± 0.844%, and soybean 3.407 ± 0.429%, compared to their pretreatment levels of 

45.510 ± 0.501%, 46.601 ± 0.209%, 47.743 ± 0.836%, and 40.893 ± 0.713%. These 

findings align with the results reported by Du et al. (2014) and Santiago-Ramos et al. 

(2018), where carbohydrate contents in bean flour varied between 60.1% and 64.2%. 

The fat content of the legume protein isolates was also significantly lower than in 

their pretreatment states. Chickpea, faba bean, common bean, and soybean isolates 

exhibited fat contents of 2.730 ± 0.229%, 1.420 ± 0.437%, 1.517 ± 0.401%, and 3.427 ± 

0.117%, respectively, compared to their respective pretreatment values of 18.707 ± 

0.741%, 16.183 ± 0.350%, 16.937 ± 0.502%, and 20.997 ± 0.435%. This reduction is 

consistent with the findings of other studies where defatting procedures resulted in low 

lipid levels in protein isolates, typically less than 1% (Leyva-Lopez et al., 1995; Du et al., 

2014). 

Ash content was measured following the AOCS Official Method, and a decrease 

in the protein isolates was observed compared to their pretreatment samples. Chickpea 

protein isolate exhibited an ash content of 1.697 ± 0.215%, faba bean 1.593 ± 0.102%, 

common bean 2.487 ± 0.199%, and soybean 1.287 ± 0.191%, while their pretreatment 

ash contents were 15.287 ± 0.475%, 14.933 ± 0.427%, 16.077 ± 0.450%, and 15.457 ± 

0.189%, respectively. These values are comparable to those reported for protein isolates 



76 

 

from mung bean, black bean, and black gram bean, which ranged from 2.2% to 4.0% 

(Wani et al., 2015; Kudre et al., 2013). 

The substantial increase in protein content and reduction in carbohydrate, fat, and 

ash contents highlight the effectiveness of the alkaline extraction-acid precipitation 

method in isolating high-purity proteins. These protein isolates hold significant potential 

for application in food formulations where high protein content is desirable, such as in 

protein supplements and nutraceutical products. The reduced carbohydrate and fat 

contents make these isolates suitable for inclusion in low-carb and low-fat dietary 

products. This study's findings align with existing literature, affirming the robustness and 

applicability of the extraction methods employed (Can Karaca et al., 2011; Sánchez-

Vioque et al., 1999; Du et al., 2014). 

The enzymatic hydrolysis of legume proteins using Alcalase enzyme revealed 

significant insights into the degree of hydrolysis (DH) over time for chickpea, faba bean, 

common bean, and soybean protein isolates. The results demonstrated a progressive 

increase in DH with extended hydrolysis times across all legume samples. Initially, at 30 

minutes, the DH values were relatively low, with chickpea showing 7.24 ± 0.44%, faba 

bean 6.83 ± 0.29%, common bean 5.25 ± 0.35%, and soybean 5.27 ± 0.27%. However, 

as hydrolysis proceeded, these values increased significantly, reaching 26.41 ± 0.47% for 

chickpea, 22.50 ± 0.41% for faba bean, 20.00 ± 0.47% for common bean, and 19.62 ± 

0.35% for soybean after 180 minutes. This pattern of increasing DH indicates the effective 

enzymatic breakdown of protein structures, releasing α-amino groups. 

These findings align with the observations of Ghribi et al. (2015), who reported a 

similar sigmoidal response in DH for chickpea proteins hydrolyzed with Alcalase, 

attributing this to enzyme inhibition and inaccessibility of cleavage sites. Meinlschmidt 

et al. (2015) also found a DH of 13.6% for soy protein hydrolyzed with Alcalase after 

120 minutes, which is within the range observed in our study for soybean at 19.62 ± 

0.35% after 180 minutes. Nguyen et al. (2016) reported a much higher DH of around 50% 

using a higher ratio of Alcalase to soy protein, indicating that enzyme concentration 

significantly impacts the hydrolysis efficiency. 

The results of our study also resonate with those of del Mar Yust et al. (2013), 

who showed a more linear DH response over time for chickpea protein hydrolyzed with 

immobilized Flavourzyme, reaching a maximum of 10% DH after 300 minutes. The 

lower DH in their study is likely due to the lower enzyme-to-substrate ratios used. 

Additionally, the SDS-PAGE analysis by Warsame et al. (2020) demonstrated the 
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reduction of protein molecular weights with increased hydrolysis time, which 

corresponds with the increasing DH observed in our study. The SDS-PAGE patterns 

revealed that Alcalase effectively cleaved proteins in FBPC (faba bean protein 

concentrate), resulting in protein bands below 15 kDa with prolonged hydrolysis times. 

The physicochemical properties of the hydrolysates also reflected the impact of 

enzymatic hydrolysis. The solubility of faba bean protein concentrates increased with 

higher DH, achieving the highest solubility at DH (35 min) (Akbari et al., 2020; Pan et 

al., 2019). This increased solubility is attributed to the formation of smaller peptides that 

form stronger hydrogen bonds with water. The increased electronegativity, as indicated 

by the ζ-potential, was due to the exposure of more ionizable amino acids and the release 

of carboxylate ions (COOˉ), which enhanced protein solubility due to higher repulsive 

electrostatic forces between molecules (Eckert et al., 2019). Additionally, prolonged 

hydrolysis significantly reduced surface hydrophobicity, likely due to the cleavage of 

hydrophobic areas and refolding of exposed residues (Zang et al., 2019). 

Overall, the results of our study are consistent with those reported in the literature, 

affirming the robustness of Alcalase in hydrolyzing legume proteins and enhancing their 

functional properties. The observed increases in DH, and the corresponding changes in 

solubility, electronegativity, and surface hydrophobicity underscore the potential 

applications of these hydrolysates in food formulations where enhanced solubility and 

reduced hydrophobicity are desirable. These findings contribute to the growing body of 

knowledge on the enzymatic hydrolysis of legume proteins and their potential 

applications in food science and technology. 

These results of color determination of Maillard reactions align with findings from 

other studies, such as those by Chiang et al. (2020) and Song et al. (2020), which 

highlighted the impact of the Maillard Reaction on color and flavor development in food 

products. The Maillard Reaction produces a wide range of sensory properties, including 

flavor, color, and odor, which are critical in the food industry for enhancing the functional 

properties of amino acids, peptides, and proteins. Chen et al. (2020) also demonstrated 

how the Maillard Reaction could improve the overall flavor by reducing off-flavor 

compounds and increasing desirable aroma compounds. 

The observed color changes in MRPs indicate the complex reactions taking place 

during the Maillard Reaction. As temperature increases, the extent of browning and the 

formation of colored compounds such as melanoidins also increase, which are responsible 

for the darker and more intense colors observed. This is consistent with the findings of 
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Meinlschmidt et al. (2015) and Nguyen et al. (2016), who reported similar trends in the 

degree of hydrolysis and color development in protein hydrolysates. 

The variability in color parameters among different legume MRPs suggests that 

the type of legume and the specific conditions of the Maillard Reaction significantly 

influence the outcome. This highlights the importance of optimizing reaction conditions 

to achieve desired sensory attributes in food products. The differences in L*, a*, and b* 

values also reflect the diversity of chemical reactions, including forming various pigments 

and browning compounds. 

Antimicrobial activity findings align with the results of other studies, such as the 

work by Meinlschmidt et al. (2015) and Nguyen et al. (2016), which reported varying 

degrees of antimicrobial activity for MRPs derived from different protein sources. For 

example, sunflower MRPs (SF-MRPs) demonstrated significant antimicrobial effects 

against Escherichia coli and Staphylococcus aureus, with minimum inhibitory 

concentrations (MICs) of 86 mg/mL and 70 mg/mL, respectively. In contrast, soybean 

and corn meal MRPs (SB-MRPs and CN-MRPs) did not exhibit significant antimicrobial 

activity, highlighting the variability in antimicrobial efficacy depending on the source of 

the MRPs. 

Rufián-Henares and de la Cueva (2009) study further supports these findings, 

demonstrating that MRPs can disrupt bacterial cell membranes by chelating Mg2+ ions, 

leading to destabilization and cell death. This mechanism of action, combined with the 

observed antimicrobial effects, suggests that MRPs have the potential to serve as natural 

preservatives in various food systems. 

Additionally, the study by Monente et al. (2015) highlighted the role of 

ultrasonication in enhancing the antimicrobial properties of MRPs by extending protein 

molecules to form stable network structures that adsorb on the surface of microbial cells, 

forming a polymer membrane that prevents nutrient transport. This method could be 

further explored to enhance the efficacy of chickpea and faba bean MRPs. 

The antimicrobial activity of MRPs derived from chickpea and faba bean 

hydrolysates demonstrates their potential as effective natural antimicrobial agents. The 

significant log reductions in microbial populations, particularly for Lactococcus lactis 

and Candida albicans, highlight the potential applications of these MRPs in food 

preservation. Further research and optimization of MRP production processes could 

enhance their antimicrobial efficacy and expand their use in the food industry. These 

findings contribute to the growing body of evidence supporting the use of MRPs as 
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functional food ingredients with antimicrobial properties, providing a natural alternative 

to synthetic preservatives. 

This observation aligns with findings from other studies that have used UV-Vis 

spectroscopy to analyze MRPs. In a study investigating the UV-Vis spectra of MRPs 

derived from asparagine and sugars, distinct absorption maxima were observed at 234, 

277, 294, and 307 nm in different fractions (Iannou et al., 2007). The changes in 

absorbance at 294 nm were particularly noted as a measure of intermediate products of 

the Maillard reaction, reflecting the presence of uncolored intermediate products (UIPs) 

such as aldehydes and small molecule ketones. The detection of advance stage soluble 

pre-melanoidins in the range of 320-350 nm and high molecular weight melanoidins in 

the range of 420-450 nm, although not observed in this study, is a common characteristic 

of MRPs in other model systems . 

The higher reactivity of fructose compared to glucose in Maillard reactions, as 

observed in the asparagine-sugar model systems, may provide insights into the reactivity 

differences between Faba bean and chickpea hydrolysates with D-glucose. Fructose has 

a higher proportion of open-chain form than glucose, leading to more pronounced changes 

in absorption maxima and more reactive Maillard products. This principle can be 

extrapolated to the current study, suggesting that the chemical nature and structural 

composition of Faba bean hydrolysate make it more reactive with glucose, resulting in 

higher MRP concentrations and stronger UV-Vis absorption peaks. 

The 1H-NMR analysis provided additional molecular-level details, revealing 

distinct proton signals corresponding to various functional groups. Both the faba bean and 

chickpea MRP spectra displayed significant peaks in the aromatic region (δ 6.0-8.0 ppm), 

indicative of aromatic compounds formed during the Maillard reaction. The aliphatic 

region (δ 0.5-4.0 ppm) showed signals corresponding to aliphatic chains and sugar 

moieties, suggesting the presence of complex mixtures of melanoidin compounds. These 

findings highlight the structural diversity and complexity of MRPs, which include various 

aromatic compounds and sugar derivatives. 
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CHAPTER 4 

 

 

CONCLUSION 

 

 
This study has successfully demonstrated the significant antimicrobial properties 

and biochemical characteristics of Maillard Reaction Products (MRPs) derived from 

legume protein hydrolysates reacted with D-glucose. The investigation focused on MRPs 

from chickpea, faba bean, common bean, and soybean, subjected to various thermal 

conditions ranging from 175°C to 275°C. 

The antimicrobial activity assays revealed that chickpea MRPs exhibited the 

highest antimicrobial efficacy, followed by faba bean MRPs. The study showed 

significant reductions in the counts of Escherichia coli, Staphylococcus aureus, 

Lactococcus lactis, Candida albicans, Saccharomyces cerevisiae var. boulardii, and 

Saccharomyces cerevisiae upon treatment with these MRPs. Notably, the antimicrobial 

efficacy was found to vary with the processing temperatures, indicating that specific 

thermal conditions optimize the antimicrobial activity of the MRPs. This finding 

underscores the importance of fine-tuning processing parameters to maximize the 

antimicrobial potential of MRPs. 

Biochemical characterization of the MRPs through UV-Vis spectroscopy, FTIR, 

HPLC, and NMR analyses revealed distinct differences in melanoidin content and 

structural properties based on the legume source and thermal treatment. The UV-Vis 

spectra indicated variations in absorbance patterns, corresponding to differences in 

melanoidin concentration. FTIR analysis provided insights into the functional groups 

present in the MRPs, highlighting the complexity and diversity of the chemical structures 

formed during the Maillard reaction. HPLC and NMR analyses further elucidated the 

molecular composition and structural intricacies of the MRPs, offering a comprehensive 

understanding of their biochemical properties. 

Colorimetric analysis and browning index determination demonstrated that higher 

processing temperatures resulted in darker MRPs with increased browning indices. This 

correlation between temperature and browning suggests that thermal treatment not only 
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the antimicrobial properties but also the visual and sensory attributes of the MRPs. The 

darker color and higher browning index indicate more extensive Maillard reactions 

associated with enhanced antimicrobial activity. 

The findings of this study suggest that legume-based MRPs have substantial 

potential as natural antimicrobial agents in food preservation. Their ability to significantly 

reduce microbial counts positions them as promising alternatives to synthetic 

preservatives. Using natural antimicrobials aligns with the growing consumer demand for 

clean-label products and offers a pathway to enhance the safety and shelf-life of food 

products without compromising health. 

Furthermore, the comprehensive biochemical characterization of the MRPs 

provides valuable insights into their structural properties, which can inform future 

research and application in various industrial contexts. The study lays the groundwork for 

developing novel food products with enhanced health benefits, utilizing legume-based 

MRPs as key functional ingredients. 

In conclusion, this research contributes to understanding the antimicrobial and 

biochemical properties of MRPs, highlighting their potential applications in food science 

and technology. The results advocate for further exploration into optimizing the 

production and application of MRPs to fully harness their benefits in food preservation 

and other industrial applications. 

 

  



82 

 

REFERENCES 
 

 

Abid, R., Waseem, H., Ali, J., Ghazanfar, S., Ali, G. M., Elasbali, A. M., and Alharethi, 
S. H. 2022. “Probiotic Yeast Saccharomyces: Back to Nature to Improve Human 
Health.” Journal of Fungi 8 (5): 444. https://doi.org/10.3390/jof8050444. 

 
 
Adler-Nissen, J. 1979. “Determination of the Degree of Hydrolysis of Food Protein 

Hydrolysates by Trinitrobenzenesulfonic Acid.” Journal of Agricultural and 
Food Chemistry 27 (6): 1256–62. https://doi.org/10.1021/jf60226a042. 

 
 
Ahlström, C., Thuvander, J., Rayner, M., Labba, I. C. M., Sandberg, A. S., and Östbring, 

K. 2022. “Pilot-Scale Protein Recovery From Cold-Pressed Rapeseed Press Cake: 
Influence of Solids Recirculation.” Processes 10 (3): 
557. https://doi.org/10.3390/pr10030557. 

 
 
Ahmed, J., Al-Ruwaih, N., Mulla, M., and Rahman, M. H. 2018. “Effect of High Pressure 

Treatment on Functional, Rheological and Structural Properties of Kidney Bean 
Protein Isolate.” LWT 91 (5): 191–97. https://doi.org/10.1016/j.lwt.2018.01.054. 

 
 
Alajaji, S. A., and El-Adawy, T. A. 2006. “Nutritional Composition of Chickpea (Cicer 

Arietinum L.) as Affected by Microwave Cooking and Other Traditional Cooking 
Methods.” Journal of Food Composition and Analysis 19 (8): 806–
12. https://doi.org/10.1016/j.jfca.2006.03.015. 

 
 
ALjahdali, N., and Carbonero, F. 2017. “Impact of Maillard Reaction Products on 

Nutrition and Health: Current Knowledge and Need to Understand Their Fate in 
the Human Digestive System.” Critical Reviews in Food Science and Nutrition 59 
(3): 474–87. https://doi.org/10.1080/10408398.2017.1378865. 

 
 
Almajid, A., Bazroon, A., Al-Awami, H. M., Albarbari, H., Alqahtani, I., Almutairi, R., 

Alsuwayj, A., Alahmadi, F., Aljawad, J., Alnimer, R., Asiri, N., Alajlani, S., 
Alshelali, R., and Aljishi, Y. 2024. “Fosmanogepix: The Novel Anti-Fungal 
Agent’s Comprehensive Review of in Vitro, in Vivo, and Current Insights From 
Advancing Clinical Trials.” Cureus, 8 (4): 
56. https://doi.org/10.7759/cureus.59210. 

 
 
 
 
 



83 

 

Alonso-Miravalles, L., Jeske, S., Bez, J., Detzel, A., Busch, M., Krueger, M., 
Wriessnegger, C. L., O’Mahony, J. A., Zannini, E., and Arendt, E. K. 2019. 
“Membrane Filtration and Isoelectric Precipitation Technological Approaches for 
the Preparation of Novel, Functional and Sustainable Protein Isolate From 
Lentils.” European Food Research and Technology 245 (9): 1855–
69. https://doi.org/10.1007/s00217-019-03296-y. 

 
 
Al-Ruwaih, N., Ahmed, J., Mulla, M. F., and Arfat, Y. A. 2019. “High-pressure Assisted 

Enzymatic Proteolysis of Kidney Beans Protein Isolates and Characterization of 
Hydrolysates by Functional, Structural, Rheological and Antioxidant 
Properties.” LWT 100 (2): 231–36. https://doi.org/10.1016/j.lwt.2018.10.074. 

   
 
Andreou, V., Chanioti, S., Xanthou, M. Z., and Katsaros, G. 2022. “Incorporation of Acid 

Whey Yogurt By-Product in Novel Sauces Formulation: Quality and Shelf-Life 
Evaluation.” Sustainability 14 (3): 15722. https://doi.org/10.3390/su142315722. 

   
 
Anwar, M., Muhammad, F., Awais, M., and Akhtar, M. 2017. “A Review of Β-glucans 

as a Growth Promoter and Antibiotic Alternative Against Enteric Pathogens in 
Poultry.” World S Poultry Science Journal 73 (3): 651–
61. https://doi.org/10.1017/s0043933917000241. 

 
 
AOAC Official Method 945.38Grains. 2023. In Oxford University Press eBooks 1 

(7) https://doi.org/10.1093/9780197610145.003.2970. 
 
 
Aoki, K., Shen, J., and Saijo, T. 2010. “Consumer Reaction to Information on Food 

Additives: Evidence From an Eating Experiment and a Field Survey.” Journal of 
Economic Behavior and Organization 73 (3): 433–
38. https://doi.org/10.1016/j.jebo.2009.11.007. 

 
 
Ariyarathna, I. R., and Karunaratne, D. N. 2015. “Use of Chickpea Protein for 

Encapsulation of Folate to Enhance Nutritional Potency and Stability.” Food and 
Bioproducts Processing 95 (7): 76–82. https://doi.org/10.1016/j.fbp.2015.04.004. 

 
 
Ashaolu, T. J. 2019. “Applications of Soy Protein Hydrolysates in the Emerging 

Functional Foods: A Review.” International Journal of Food Science and 
Technology 55 (2): 421–28. https://doi.org/10.1111/ijfs.14380. 

 
 
Azman, A. T., Isa, N. S. M., Zin, Z. M., Abdullah, M. a. A., Aidat, O., and Zainol, M. K. 

2023. “Protein Hydrolysate From Underutilized Legumes: Unleashing the 
Potential for Future Functional Foods.” Preventive Nutrition and Food Science 28 
(3): 209–23. https://doi.org/10.3746/pnf.2023.28.3.209. 

 

https://doi.org/10.3746/pnf.2023.28.3.209


84 

 

Bac, N. D., Anh, L. T., Quang, L. B., Luc, N. K., Nga, T. T. T., Nagi, M., Yoshitsugu, 
M., Ha, H. T. T., Anh, D. D., Quyet, D., and Anh, D. N. 2019. “Prevalence of 
Candida Bloodstream Isolates From Patients in Two Hospitals in 
Vietnam.” Iranian Journal of Microbiology 16 (6): 
83. https://doi.org/10.18502/ijm.v11i2.1071. 

 
 
Badano, J. A., Vanden Braber, N., Rossi, Y., Vergara, L. D., Bohl, L., Porporatto, C., 

Falcone, R. D., and Montenegro, M. 2019. “Physicochemical, in Vitro 
Antioxidant and Cytotoxic Properties of Water-soluble Chitosan-lactose 
Derivatives.” Carbohydrate Polymers 224 (11): 
115158. https://doi.org/10.1016/j.carbpol.2019.115158. 

 
 
Bampidis, V., Azimonti, G., De Lourdes Bastos, M., Christensen, H., Dusemund, B., 

Durjava, M. F., Kouba, M., López‐Alonso, M., Puente, S. L., Marcon, F., Mayo, 
B., Pechová, A., Petkova, M., Ramos, F., Sanz, Y., Villa, R. E., Woutersen, R., 
Saarela, M., Brozzi, R. 2022. “Assessment of the Feed Additive Consisting of 
Lactococcus Lactis DSM 11037 for All Animal Species for the Renewal of Its 
Authorisation (Chr. Hansen a/S).” EFSA Journal 20 (4): 
48. https://doi.org/10.2903/j.efsa.2022.7241. 

 
 
Barac, M. B., Pesic, M. B., Stanojevic, S. P., Kostic, A. Z., and Bivolarevic, V. 2014. 

“Comparative Study of the Functional Properties of Three Legume Seed Isolates: 
Adzuki, Pea and Soy Bean.” Journal of Food Science and Technology 52 (5): 
2779–87. https://doi.org/10.1007/s13197-014-1298-6. 

 
 
Barros, N., Rosenblatt, R. E., Phipps, M. M., Fomin, V., and Mansour, M. K.  2023. 

“Invasive Fungal Infections in Liver Diseases.” Hepatology Communications 7 
(9): 74-80. https://doi.org/10.1097/hc9.0000000000000216. 

 
 
Bechthold, A., Boeing, H., Schwedhelm, C., Hoffmann, G., Knüppel, S., Iqbal, K., De 

Henauw, S., Michels, N., Devleesschauwer, B., Schlesinger, S., and 
Schwingshackl, L. 2017. “Food Groups and Risk of Coronary Heart Disease, 
Stroke and Heart Failure: A Systematic Review and Dose-response Meta-analysis 
of Prospective Studies.” Critical Reviews in Food Science and Nutrition 59 (7): 
1071–90. https://doi.org/10.1080/10408398.2017.1392288. 

 
 
Berrazaga, I., Micard, V., Gueugneau, M., and Walrand, S. 2019. “The Role of the 

Anabolic Properties of Plant- Versus Animal-Based Protein Sources in 
Supporting Muscle Mass Maintenance: A Critical Review.” Nutrients 11 (8): 
1825. https://doi.org/10.3390/nu11081825. 

 
 
 



85 

 

Beuchat, L. R. 1980. “Comparison of anti-Vibrio Activities of Potassium Sorbate, 
Sodium Benzoate, and Glycerol and Sucrose Esters of Fatty Acids.” Applied and 
Environmental Microbiology 39 (6): 1178–
82. https://doi.org/10.1128/aem.39.6.1178-1182.1980. 

 
 
Beuchat, L. R. 1993. “Selective Media for Detecting and Enumerating Foodborne 

Yeasts.” International Journal of Food Microbiology 19 (1): 1–
14. https://doi.org/10.1016/0168-1605(93)90119-2. 

 
 
Bhat, R., and Karim, A. 2009. “Exploring the Nutritional Potential of Wild and 

Underutilized Legumes.” Comprehensive Reviews in Food Science and Food 
Safety 8 (4): 305–31. https://doi.org/10.1111/j.1541-4337.2009.00084.x. 

 
 
Bhat, Z. F., Kumar, S., and Bhat, H. F. 2015. “Bioactive Peptides of Animal Origin: A 

Review.” Journal of Food Science and Technology 52 (9): 5377–
92. https://doi.org/10.1007/s13197-015-1731-5. 

 
 
Bohner, F., Papp, C., and Gácser, A. 2022. “The Effect of Antifungal Resistance 

Development on the Virulence of Candida Species.” FEMS Yeast Research 22 
(1): 13. https://doi.org/10.1093/femsyr/foac019. 

 
 
Borrelli, R. C., Visconti, A., Mennella, C., Anese, M., and Fogliano, V. 2002. “Chemical 

Characterization and Antioxidant Properties of Coffee Melanoidins.” Journal of 
Agricultural and Food Chemistry 50 (12): 6527–
33. https://doi.org/10.1021/jf025686o. 

 
 
Boye, J., Zare, F., and Pletch, A. 2010. “Pulse Proteins: Processing, Characterization, 

Functional Properties and Applications in Food and Feed.” Food Research 
International 43 (2): 414–31. https://doi.org/10.1016/j.foodres.2009.09.003. 

 
 
Burger, T. G., and Zhang, Y. 2019. “Recent Progress in the Utilization of Pea Protein as 

an Emulsifier for Food Applications.” Trends in Food Science and Technology 86 
(4): 25–33. https://doi.org/10.1016/j.tifs.2019.02.007. 

 
 
Bush, K. 2018. “Past and Present Perspectives on β-Lactamases.” Antimicrobial Agents 

and Chemotherapy 62 (10): 52-58. https://doi.org/10.1128/aac.01076-18. 
 
 
 
 
 



86 

 

Byanju, B., Rahman, M. M., Hojilla-Evangelista, M. P., and Lamsal, B. P. 2020. “Effect 
of High-power Sonication Pretreatment on Extraction and Some Physicochemical 
Properties of Proteins From Chickpea, Kidney Bean, and Soybean.” International 
Journal of Biological Macromolecules 145 (2): 712–
21. https://doi.org/10.1016/j.ijbiomac.2019.12.118. 

 
 
Carbonaro, M. 2021. “Nutraceutical Perspectives of Pulses.” In Elsevier eBooks 12 (5): 

423–60. https://doi.org/10.1016/b978-0-12-818184-3.00017-9. 
 
 
Carmo, C. S. D., Silventoinen, P., Nordgård, C. T., Poudroux, C., Dessev, T., Zobel, H., 

Holtekjølen, A. K., Draget, K. I., Holopainen-Mantila, U., Knutsen, S. H., and 
Sahlstrøm, S. 2020. “Is Dehulling of Peas and Faba Beans Necessary Prior to Dry 
Fractionation for the Production of Protein- and Starch-rich Fractions? Impact on 
Physical Properties, Chemical Composition and Techno-functional 
Properties.” Journal of Food 
Engineering 278(8):109937. https://doi.org/10.1016/j.jfoodeng.2020.109937. 

 
 
Castro-Rosas, J., Cerna-Cortés, J. F., Méndez-Reyes, E., Lopez-Hernandez, D., Gómez-

Aldapa, C. A., and Estrada-Garcia, T. 2012. “Presence of Faecal Coliforms, 
Escherichia Coli and Diarrheagenic E. Coli Pathotypes in Ready-to-eat Salads, 
From an Area Where Crops Are Irrigated With Untreated Sewage 
Water.” International Journal of Food Microbiology 156 (2): 176–
80. https://doi.org/10.1016/j.ijfoodmicro.2012.03.025. 

 
 
Cavassin, F. B., Baú-Carneiro, J. L., Vilas-Boas, R. R., and Queiroz-Telles, F. 2021. 

“Sixty Years of Amphotericin B: An Overview of the Main Antifungal Agent 
Used to Treat Invasive Fungal Infections.” Infectious Diseases and Therapy 10 
(1): 115–47. https://doi.org/10.1007/s40121-020-00382-7. 

 
 
Chen, W., Ma, X., Wang, W., Lv, R., Guo, M., Ding, T., Ye, X., Miao, S., and Liu, D. 

2019. “Preparation of Modified Whey Protein Isolate With Gum Acacia by 
Ultrasound Maillard Reaction.” Food 
Hydrocolloids 95(10):298307. https://doi.org/10.1016/j.foodhyd.2018.10.030. 

 
 
Church, F. C., Porter, D. H., Catignani, G. L., and Swaisgood, H. E. 1985. “An O-

phthalaldehyde Spectrophotometric Assay for Proteinases.” Analytical 
Biochemistry 146 (2): 343–48. https://doi.org/10.1016/0003-2697(85)90549-4. 

 
 
Church, F. C., Swaisgood, H. E., Porter, D. H., and Catignani, G. L. 1983. 

“Spectrophotometric Assay Using o-Phthaldialdehyde for Determination of 
Proteolysis in Milk and Isolated Milk Proteins.” Journal of Dairy Science 66 (6): 
1219–27. https://doi.org/10.3168/jds.s0022-0302(83)81926-2. 

  



87 

 

Clementi, F., and Aquilanti, L. 2011. “Recent Investigations and Updated Criteria for the 
Assessment of Antibiotic Resistance in Food Lactic Acid Bacteria.” Anaerobe 17 
(6): 394–98. https://doi.org/10.1016/j.anaerobe.2011.03.021. 

 
 
Conti, M. V., Guzzetti, L., Panzeri, D., De Giuseppe, R., Coccetti, P., Labra, M., and 

Cena, H. 2021. “Bioactive Compounds in Legumes: Implications for Sustainable 
Nutrition and Health in the Elderly Population.” Trends in Food Science and 
Technology 117 (11): 139–47. https://doi.org/10.1016/j.tifs.2021.02.072. 

 
 
Costa-De-Oliveira, S., and Rodrigues, A. G. 2020. “Candida Albicans Antifungal 

Resistance and Tolerance in Bloodstream Infections: The Triad Yeast-Host-
Antifungal.” Microorganisms 8 (2): 
154. https://doi.org/10.3390/microorganisms8020154. 

 
 
Cui, L., Bandillo, N., Wang, Y., Ohm, J. B., Chen, B., and Rao, J. 2020. “Functionality 

and Structure of Yellow Pea Protein Isolate as Affected by Cultivars and 
Extraction pH.” Food Hydrocolloids 108 (11): 
106008. https://doi.org/10.1016/j.foodhyd.2020.106008. 

 
 
D’Agostina, A., Antonioni, C., Resta, D., Arnoldi, A., Bez, J., Knauf, U., and Wäsche, 

A. 2005. “Optimization of a Pilot-Scale Process for Producing Lupin Protein 
Isolates With Valuable Technological Properties and Minimum Thermal 
Damage.” Journal of Agricultural and Food Chemistry 54 (1): 92–
98. https://doi.org/10.1021/jf0518094. 

 
 
Da Silva, A. P. S., Da Silva, L. C. N., Da Fonseca, C. S. M., De Araújo, J. M., Correia, 

M. T. D. S., Da Silva Cavalcanti, M., and De Menezes Lima, V. L. 2016. 
“Antimicrobial Activity and Phytochemical Analysis of Organic Extracts From 
Cleome Spinosa Jaqc.” Frontiers in Microbiology 7 (6): 
43. https://doi.org/10.3389/fmicb.2016.00963. 

 
 
De Angelis, D., Kaleda, A., Pasqualone, A., Vaikma, H., Tamm, M., Tammik, M. L., 

Squeo, G., and Summo, C. 2020. “Physicochemical and Sensorial Evaluation of 
Meat Analogues Produced From Dry-Fractionated Pea and Oat 
Proteins.” Foods 9 (12): 1754. https://doi.org/10.3390/foods9121754. 

 
 
De Oliveira Santos, G. C., Vasconcelos, C. C., Lopes, A. J. O., De Sousa Cartágenes, M. 

D. S., Filho, A. K. D. B., Nascimento, F. R. F. D., Ramos, R. M., Pires, E. R. R. 
B., De Andrade, M. S., Rocha, F. M. G., and De Andrade Monteiro, C. 2018. 
“Candida Infections and Therapeutic Strategies: Mechanisms of Action for 
Traditional and Alternative Agents.” Frontiers in Microbiology 9 (7): 32-
37. https://doi.org/10.3389/fmicb.2018.01351. 

 



88 

 

Deleu, L. J., Lambrecht, M. A., Van De Vondel, J., and Delcour, J. A. 2019. “The Impact 
of Alkaline Conditions on Storage Proteins of Cereals and Pseudo-
cereals.” Current Opinion in Food Science 25 (2): 98–
103. https://doi.org/10.1016/j.cofs.2019.02.017. 

 
 
Delma, F. Z., Al-Hatmi, A. M. S., Brüggemann, R. J. M., Melchers, W. J. G., De Hoog, 

S., Verweij, P. E., and Buil, J. B. 2021. “Molecular Mechanisms of 5-
Fluorocytosine Resistance in Yeasts and Filamentous Fungi.” Journal of Fungi 7 
(11): 909. https://doi.org/10.3390/jof7110909. 

 
 
Delves-Broughton, J., Blackburn, P., Evans, R. J., and Hugenholtz, J. 1996. “Applications 

of the Bacteriocin, Nisin.” Antonie Van Leeuwenhoek 69 (2): 193–
202. https://doi.org/10.1007/bf00399424. 

 
 
Dendooven, E., Kerre, S., Foubert, K., Pieters, L., Lambert, J., Goossens, A., and Aerts, 

O. 2021. “Allergic Contact Dermatitis From Potassium Sorbate and Sorbic Acid 
in Topical Pharmaceuticals and Medical Devices.” Contact Dermatitis 85 (2): 
171–77. https://doi.org/10.1111/cod.13829. 

 
 
Deng, F., Wang, Z., Wang, X., and He, R. 2023. “Pickering Emulsions Stabilized by 

Moringa Seed Protein: Regulating the Emulsion Properties by Adjusting the 
Maillard Reaction.” Industrial Crops and Products 205 (12): 
117574. https://doi.org/10.1016/j.indcrop.2023.117574. 

 
 
Desmarchelier, P., and Fegan, N. 2016. “Pathogens in Milk: Escherichia Coli.” 

In Elsevier eBooks 210 (6): 48-54. https://doi.org/10.1016/b978-0-08-100596-
5.00989-6. 

 
 
Edwards, C. 1993. “Interactions Between Nutrition and the Intestinal 

Microflora.” Proceedings of the Nutrition Society 52 (2): 375–
82. https://doi.org/10.1079/pns19930073. 

 
 
Edwards-Ingram, L., Gitsham, P., Burton, N., Warhurst, G., Clarke, I., Hoyle, D., Oliver, 

S. G., and Stateva, L. 2007. “Genotypic and Physiological Characterization of 
Saccharomyces Boulardii , the Probiotic Strain of Saccharomyces 
Cerevisiae.” Applied and Environmental Microbiology 73 (8): 2458–
67. https://doi.org/10.1128/aem.02201-06. 

 
 
 
 
 



89 

 

Elbehiry, A., Abalkhail, A., Marzouk, E., Elmanssury, A. E., Almuzaini, A. M., 
Alfheeaid, H., Alshahrani, M. T., Huraysh, N., Ibrahem, M., Alzaben, F., Alanazi, 
F., Alzaben, M., Anagreyyah, S. A., Bayameen, A. M., Draz, A., and Abu-Okail, 
A. 2023. “An Overview of the Public Health Challenges in Diagnosing and 
Controlling Human Foodborne Pathogens.” Vaccines 11 (4): 
725. https://doi.org/10.3390/vaccines11040725. 

 
 
Etemadian, Y., Ghaemi, V., Shaviklo, A. R., Pourashouri, P., Mahoonak, A. R. S., and 

Rafipour, F. 2021. “Development of Animal/ Plant-based Protein Hydrolysate and 
Its Application in Food, Feed and Nutraceutical Industries: State of the 
Art.” Journal of Cleaner Production 278 (1): 
123219. https://doi.org/10.1016/j.jclepro.2020.123219. 

 
 
Fang, W., Wu, J., Cheng, M., Zhu, X., Du, M., Chen, C., Liao, W., Zhi, K., and Pan, W. 

2023. “Diagnosis of Invasive Fungal Infections: Challenges and Recent 
Developments.” Journal of Biomedical Science 30 (1): 82-
86 https://doi.org/10.1186/s12929-023-00926-2. 

 
 
Ferreira, C. D., Ziegler, V., Da Silva Lindemann, I., Hoffmann, J. F., Vanier, N. L., and 

De Oliveira, M. 2018. “Quality of Black Beans as a Function of Long-term 
Storage and Moldy Development: Chemical and Functional Properties of Flour 
and Isolated Protein.” Food Chemistry 246 (4): 473–
80. https://doi.org/10.1016/j.foodchem.2017.11.118. 

 
 
Gardner, L. K., and Lawrence, G. D. 1993. “Benzene Production From Decarboxylation 

of Benzoic Acid in the Presence of Ascorbic Acid and a Transition-metal 
Catalyst.” Journal of Agricultural and Food Chemistry 41 (5): 693–
95. https://doi.org/10.1021/jf00029a001. 

 
 
Gerrard, J. A. 2006. “The Maillard Reaction in Food: Progress Made, Challenges ahead—

Conference Report From the Eighth International Symposium on the Maillard 
Reaction.” Trends in Food Science and Technology 17 (6): 324–
30. https://doi.org/10.1016/j.tifs.2005.11.011. 

 
 
Gharibzahedi, S. M. T., and Smith, B. 2021. “Effects of High Hydrostatic Pressure on the 

Quality and Functionality of Protein Isolates, Concentrates, and Hydrolysates 
Derived From Pulse Legumes: A Review.” Trends in Food Science and 
Technology 107 (1): 466–79. https://doi.org/10.1016/j.tifs.2020.11.016. 

 
 
Ghribi, A. M., Gafsi, I. M., Sila, A., Blecker, C., Danthine, S., Attia, H., Bougatef, A., 

and Besbes, S. 2015. “Effects of Enzymatic Hydrolysis on Conformational and 
Functional Properties of Chickpea Protein Isolate.” Food Chemistry 187 (11): 
322–30. https://doi.org/10.1016/j.foodchem.2015.04.109. 

https://doi.org/10.1016/j.tifs.2005.11.011


90 

 

Gobbetti, M., Ferranti, P., Smacchi, E., Goffredi, F., and Addeo, F. 2000. “Production of 
Angiotensin-I-Converting-Enzyme-Inhibitory Peptides in Fermented Milks 
Started by Lactobacillus Delbrueckii Subsp. Bulgaricus SS1 and Lactococcus 
Lactis Subsp. Cremoris FT4.” Applied and Environmental Microbiology 66 (9): 
3898–3904. https://doi.org/10.1128/aem.66.9.3898-3904.2000. 

 
 
Górzyńska, A., Kondracka, K., Korzeniowska-Kowal, A., and Nawrot, U. 2024. 

“Antifungal Susceptibility of Saccharomyces Cerevisiae Isolated From Clinical 
Specimens.” Pathogens 13 (3): 248. https://doi.org/10.3390/pathogens13030248. 

 
 
Gundogan, R., and Karaca, A. C. 2020. “Physicochemical and Functional Properties of 

Proteins Isolated From Local Beans of Turkey.” LWT 130 (8): 
109609. https://doi.org/10.1016/j.lwt.2020.109609. 

 
 
Guo, Q., Bayram, I., Zhang, W., Su, J., Shu, X., Yuan, F., Mao, L., and Gao, Y. 2021. 

“Fabrication and Characterization of Curcumin-loaded Pea Protein Isolate-
surfactant Complexes at Neutral pH.” Food Hydrocolloids 111 (2): 
106214. https://doi.org/10.1016/j.foodhyd.2020.106214. 

 
 
Guo, Y., Pan, D., Li, H., Sun, Y., Zeng, X., and Yan, B. 2013. “Antioxidant and 

Immunomodulatory Activity of Selenium Exopolysaccharide Produced by 
Lactococcus Lactis Subsp. Lactis.” Food Chemistry 138 (1): 84–
89. https://doi.org/10.1016/j.foodchem.2012.10.029. 

 
 
Habinshuti, I., Chen, X., Yu, J., Mukeshimana, O., Duhoranimana, E., Karangwa, E., 

Muhoza, B., Zhang, M., Xia, S., and Zhang, X. 2019. “Antimicrobial, Antioxidant 
and Sensory Properties of Maillard Reaction Products (MRPs) Derived From 
Sunflower, Soybean and Corn Meal Hydrolysates.” LWT 101 (3): 694–
702. https://doi.org/10.1016/j.lwt.2018.11.083. 

 
 
Hadidi, M., Khaksar, F. B., Pagan, J., and Ibarz, A. 2020. “Application of Ultrasound-

Ultrafiltration-Assisted Alkaline Isoelectric Precipitation (UUAAIP) Technique 
for Producing Alfalfa Protein Isolate for Human Consumption: Optimization, 
Comparison, Physicochemical, and Functional Properties.” Food Research 
International 130 (4): 108907. https://doi.org/10.1016/j.foodres.2019.108907. 

 
 
Harnedy, P. A., and FitzGerald, R. J. 2012. “Bioactive Peptides From Marine Processing 

Waste and Shellfish: A Review.” Journal of Functional Foods 4 (1): 6–
24. https://doi.org/10.1016/j.jff.2011.09.001. 

 
 
 



91 

 

Herreros, M., Sandoval, H., González, L., Castro, J., Fresno, J., and Tornadijo, M. 2005. 
“Antimicrobial Activity and Antibiotic Resistance of Lactic Acid Bacteria 
Isolated From Armada Cheese (a Spanish Goats’ Milk Cheese).” Food 
Microbiology 22 (5): 455–59. https://doi.org/10.1016/j.fm.2004.11.007. 

 
 
Hodge, J. E. 1953. “Dehydrated Foods, Chemistry of Browning Reactions in Model 

Systems.” Journal of Agricultural and Food Chemistry 1 (15): 928–
43. https://doi.org/10.1021/jf60015a004. 

 
 
Hopkins, E. J., Chang, C., Lam, R. S., and Nickerson, M. T. 2015. “Effects of Flaxseed 

Oil Concentration on the Performance of a Soy Protein Isolate-based Emulsion-
type Film.” Food Research International 67 (6): 418–
25. https://doi.org/10.1016/j.foodres.2014.11.040. 

 
 
Hrynets, Y., Omana, D. A., Xu, Y., and Betti, M. 2011. “Comparative Study on the Effect 

of Acid- and Alkaline-aided Extractions on Mechanically Separated Turkey Meat 
(MSTM): Chemical Characteristics of Recovered Proteins.” Process 
Biochemistry 46 (1): 335–43. https://doi.org/10.1016/j.procbio.2010.09.006. 

 
 
Hwang, I. G., Kim, H. Y., Woo, K. S., Lee, J., and Jeong, H. S. 2011. “Biological 

Activities of Maillard Reaction Products (MRPs) in a Sugar–amino Acid Model 
System.” Food Chemistry 126 (1): 221–
27. https://doi.org/10.1016/j.foodchem.2010.10.103. 

 
 
Ji, L., Zhang, Y., Song, W., Cai, L., Wang, Y., and Guo, J. 2020. “Analysis on 

Antibacterial Activities and Volatile Compounds of Maillard Reaction Products 
Derived From Squid Skin.” E3S Web of Conferences 145 (6): 
128. https://doi.org/10.1051/e3sconf/202014501028. 

 
 
Jiang, L., Zhang, J., Ren, Y., Shen, M., Yu, Q., Chen, Y., Zhang, H., and Xie, J. 2021. 

“Acid/Alkali Shifting of Mesona Chinensis Polysaccharide-whey Protein Isolate 
Gels: Characterization and Formation Mechanism.” Food Chemistry 355 (9): 
129650. https://doi.org/10.1016/j.foodchem.2021.129650. 

 
 
Joshi, M., Adhikari, B., Aldred, P., Panozzo, J., Kasapis, S., and Barrow, C. 2012. 

“Interfacial and Emulsifying Properties of Lentil Protein Isolate.” Food 
Chemistry 134 (3): 1343–53. https://doi.org/10.1016/j.foodchem.2012.03.029. 

 
 
 
 
 



92 

 

Kamran, F., Phillips, M., Harman, D. G., and Reddy, N. 2023. “Antioxidant Activities of 
Lupin (Lupinus Angustifolius) Protein Hydrolysates and Their Potential for 
Nutraceutical and Functional Foods.” Food Chemistry Advances 2 (10): 
100297. https://doi.org/10.1016/j.focha.2023.100297. 

 
 
Kan, X., Chen, G., Zhou, W., and Zeng, X. 2021. “Application of Protein-polysaccharide 

Maillard Conjugates as Emulsifiers: Source, Preparation and Functional 
Properties.” Food Research International 150 (12): 
110740. https://doi.org/10.1016/j.foodres.2021.110740. 

 
 
Kapoor, G., Saigal, S., and Elongavan, A. 2017. “Action and Resistance Mechanisms of 

Antibiotics: A Guide for Clinicians.” Journal of Anaesthesiology Clinical 
Pharmacology 33 (3): 300. https://doi.org/10.4103/joacp.joacp_349_15. 

 
 
Kasaai, M. R. 2010. “Determination of the Degree of N-acetylation for Chitin and 

Chitosan by Various NMR Spectroscopy Techniques: A Review.” Carbohydrate 
Polymers 79 (4): 801–10. https://doi.org/10.1016/j.carbpol.2009.10.051. 

 
 
Keskin, S. O., Ali, T. M., Ahmed, J., Shaikh, M., Siddiq, M., and Uebersax, M. A. 2021. 

“Physico‐chemical and Functional Properties of Legume Protein, Starch, and 
Dietary fiber—A Review.” Legume Science 4 (1): 41-
50. https://doi.org/10.1002/leg3.117. 

 
 
Kierończyk, B., Rawski, M., Mikołajczak, Z., Świątkiewicz, S., and Józefiak, D. 2020. 

“Nisin as a Novel Feed Additive: The Effects on Gut Microbial Modulation and 
Activity, Histological Parameters, and Growth Performance of Broiler 
Chickens.” Animals 10 (1): 101. https://doi.org/10.3390/ani10010101. 

   
 
Kim, S., and Shin, W. S. 2021. “Formation of a Novel Coating Material Containing 

Lutein and Zeaxanthin via a Maillard Reaction Between Bovine Serum Albumin 
and Fucoidan.” Food Chemistry 343 (5): 
128437. https://doi.org/10.1016/j.foodchem.2020.128437. 

 
 
Kjeldahl, J. 1883. “Neue Methode Zur Bestimmung Des Stickstoffs in Organischen 

Körpern.” Fresenius Zeitschrift Für Analytische Chemie 22 (1): 366–
82. https://doi.org/10.1007/bf01338151. 

 
 
Kobayashi, T., Glatz, M., Horiuchi, K., Kawasaki, H., Akiyama, H., Kaplan, D. H., Kong, 

H. H., Amagai, M., and Nagao, K. 2015. “Dysbiosis and Staphylococcus Aureus 
Colonization Drives Inflammation in Atopic Dermatitis.” Immunity 42 (4): 756–
66. https://doi.org/10.1016/j.immuni.2015.03.014. 

 



93 

 

Kong, E. F., Johnson, J. K., and Jabra-Rizk, M. A. 2016. “Community-Associated 
Methicillin-Resistant Staphylococcus Aureus: An Enemy Amidst Us.” PLoS 
Pathogens 12 (10): 1005837. https://doi.org/10.1371/journal.ppat.1005837. 

 
 
Kristinsson, H. G., and Rasco, B. A. 2000. “Fish Protein Hydrolysates: Production, 

Biochemical, and Functional Properties.” Critical Reviews in Food Science and 
Nutrition 40 (1): 43–81. https://doi.org/10.1080/10408690091189266. 

 
 
Kumar, M., Tomar, M., Potkule, J., Verma, R., Punia, S., Mahapatra, A., Belwal, T., 

Dahuja, A., Joshi, S., Berwal, M. K., Satankar, V., Bhoite, A. G., Amarowicz, R., 
Kaur, C., and Kennedy, J. F. 2021. “Advances in the Plant Protein Extraction: 
Mechanism and Recommendations.” Food Hydrocolloids 115 (6): 
106595. https://doi.org/10.1016/j.foodhyd.2021.106595. 

 
Lam, A. C. Y., Karaca, A. C., Tyler, R. T., and Nickerson, M. T. 2016. “Pea Protein 

Isolates: Structure, Extraction, and Functionality.” Food Reviews International 34 
(2): 126–47. https://doi.org/10.1080/87559129.2016.1242135. 

 
 
Lee, Y., Puumala, E., Robbins, N., and Cowen, L. E. 2020. “Antifungal Drug Resistance: 

Molecular Mechanisms in Candida Albicans and Beyond.” Chemical 
Reviews 121 (6): 3390–3411. https://doi.org/10.1021/acs.chemrev.0c00199. 

 
 
Lenardon, M. D., Sood, P., Dorfmueller, H. C., Brown, A. J., and Gow, N. A. 2020. 

“Scalar Nanostructure of the Candida Albicans Cell Wall; a Molecular, Cellular 
and Ultrastructural Analysis and Interpretation.” The Cell Surface 6 (12): 
100047. https://doi.org/10.1016/j.tcsw.2020.100047. 

 
 
Lim, J. Y., Yoon, J., and Hovde, C. J.  2010. “A Brief Overview of Escherichia Coli 

O157:H7 and Its Plasmid O157.” Journal of Microbiology and Biotechnology 20 
(1): 5–14. https://doi.org/10.4014/jmb.0908.08007. 

 
 
Liu, H., Zhu, X., Jiang, Y., Sun‐Waterhouse, D., Huang, Q., Li, F., and Li, D. 2021. 

“Physicochemical and Emulsifying Properties of Whey Protein Isolate (WPI)‐
polydextrose Conjugates Prepared via Maillard Reaction.” International Journal 
of Food Science and Technology 56 (8): 3784–
94. https://doi.org/10.1111/ijfs.14994. 

 
 
Lotfy, S. N., Saad, R., El-Massrey, K. F., and Fadel, H. H. 2021. “Effects of pH on 

Headspace Volatiles and Properties of Maillard Reaction Products Derived From 
Enzymatically Hydrolyzed Quinoa Protein-xylose Model System.” LWT 145 (6): 
111328. https://doi.org/10.1016/j.lwt.2021.111328. 

 



94 

 

Luna-Guevara, J. J., Arenas-Hernandez, M. M. P., De La Peña, C. M., Silva, J. L., and 
Luna-Guevara, M. L. 2019. “The Role of PathogenicE. Coliin Fresh Vegetables: 
Behavior, Contamination Factors, and Preventive Measures.” International 
Journal of Microbiology 2019 (11): 1–10. https://doi.org/10.1155/2019/2894328. 

 
 
Malaguti, M., Dinelli, G., Leoncini, E., Bregola, V., Bosi, S., Cicero, A., and Hrelia, S. 

2014. “Bioactive Peptides in Cereals and Legumes: Agronomical, Biochemical 
and Clinical Aspects.” International Journal of Molecular Sciences 15 (11): 
21120–35. https://doi.org/10.3390/ijms151121120. 

 
 
Manzocco, L., Calligaris, S., Mastrocola, D., Nicoli, M. C., and Lerici, C. R. 2000. 

“Review of Non-enzymatic Browning and Antioxidant Capacity in Processed 
Foods.” Trends in Food Science and Technology 11 (9–10): 340–
46. https://doi.org/10.1016/s0924-2244(01)00014-0. 

 
 
Martínez, B., Rodríguez, A., Kulakauskas, S., and Chapot-Chartier, M. P. 2020. “Cell 

Wall Homeostasis in Lactic Acid Bacteria: Threats and Defences.” FEMS 
Microbiology Reviews 44 (5): 538–64. https://doi.org/10.1093/femsre/fuaa021. 

 
 
Markowicz, D., Monaro, E., Siguemoto, E., and Sefor, M. 2012. “Maillard Reaction 

Products in Processed Food: Pros and Cons.” In InTech eBooks 23 (7): 72-
80. https://doi.org/10.5772/31925. 

 
 
Matemu, A., Nakamura, S., and Katayama, S. 2021. “Health Benefits of Antioxidative 

Peptides Derived From Legume Proteins With a High Amino Acid 
Score.” Antioxidants 10 (2): 316. https://doi.org/10.3390/antiox10020316. 

 
 
Mathur, S., and Singh, R. 2005. “Antibiotic Resistance in Food Lactic Acid Bacteria—a 

Review.” International Journal of Food Microbiology 105 (3): 281–
95. https://doi.org/10.1016/j.ijfoodmicro.2005.03.008. 

 
 
Moore, S., and Stein, W. H.  1963. “[117] Chromatographic Determination of Amino 

Acids by the Use of Automatic Recording Equipment.” In Methods in 
Enzymology on CD-ROM/Methods in Enzymology 20 (4): 819–
31. https://doi.org/10.1016/0076-6879(63)06257-1. 

 
 
Moré, M. I., and Vandenplas, Y. 2018. “Saccharomyces Boulardii CNCM I-745 Improves 

Intestinal Enzyme Function: A Trophic Effects Review.” Clinical Medicine 
Insights Gastroenterology 11 (1): 
117955221775267. https://doi.org/10.1177/1179552217752679. 

 
 



95 

 

Muranyi, I. S., Volke, D., Hoffmann, R., Eisner, P., Herfellner, T., Brunnbauer, M., 
Koehler, P., and Schweiggert-Weisz, U. 2016. “Protein Distribution in Lupin 
Protein Isolates From Lupinus Angustifolius L. Prepared by Various Isolation 
Techniques.” Food Chemistry 207 (9): 6–
15. https://doi.org/10.1016/j.foodchem.2016.03.073. 

 
 
Muzquiz, M., and Wood, J. A. Wood. 2007. “Antinutritional Factors.” CABI eBooks 10 

(1): 143–66. https://doi.org/10.1079/9781845932138.006. 
 
 
Muzquiz, M., Varela, A., Burbano, C., Cuadrado, C., Guillamón, E., and Pedrosa, M. M. 

2012. “Bioactive Compounds in Legumes: Pronutritive and Antinutritive Actions. 
Implications for Nutrition and Health.” Phytochemistry Reviews 11 (2–3): 227–
44. https://doi.org/10.1007/s11101-012-9233-9. 

 
 
Nakatsuji, T., Chen, T. H., Two, A. M., Chun, K. A., Narala, S., Geha, R. S., Hata, T. R., 

and Gallo, R. L. 2016. “Staphylococcus Aureus Exploits Epidermal Barrier 
Defects in Atopic Dermatitis to Trigger Cytokine Expression.” Journal of 
Investigative Dermatology 136 (11): 2192–
2200. https://doi.org/10.1016/j.jid.2016.05.127. 

 
 
Nasri, R., Jridi, M., Lassoued, I., Jemil, I., Salem, R. B. S. B., Nasri, M., and Karra-

Châabouni, M. 2014. “The Influence of the Extent of Enzymatic Hydrolysis on 
Antioxidative Properties and ACE-Inhibitory Activities of Protein Hydrolysates 
From Goby (Zosterisessor Ophiocephalus) Muscle.” Applied Biochemistry and 
Biotechnology 173 (5): 1121–34. https://doi.org/10.1007/s12010-014-0905-3. 

 
 
Nedumaran, M., Singh, S., Jamaldheen, S. B., Nath, P., Moholkar, V. S., and Goyal, A. 

2020. “Assessment of Combination of Pretreatment ofSorghum Durrastalk and 
Production of Chimeric Enzyme (Β-glucosidase and Endo Β-1,4 
Glucanase,CtGH1-L1-CtGH5-F194A) and Cellobiohydrolase (CtCBH5A) for 
Saccharification to Produce Bioethanol.” Preparative Biochemistry and 
Biotechnology 50 (9): 883–96. https://doi.org/10.1080/10826068.2020.1762214. 

 
 
Oh, M. J., Kim, Y., Lee, S. H., Lee, K. W., and Park, H. Y. 2018. “Prediction of CML 

Contents in the Maillard Reaction Products for Casein-monosaccharides 
Model.” Food Chemistry 267 (11): 271–
76. https://doi.org/10.1016/j.foodchem.2017.07.141. 

 
 
Oliver, B. G., Silver, P. M., and White, T. C.  2008. “Polyene Susceptibility Is Dependent 

on Nitrogen Source in the Opportunistic Pathogen Candida Albicans.” Journal of 
Antimicrobial Chemotherapy 61 (6): 1302–8. https://doi.org/10.1093/jac/dkn101. 

 



96 

 

Onder, S., Karaca, A. C., Ozcelik, B., Alamri, A. S., Ibrahim, S. A., and Galanakis, C. M. 
2022. “Exploring the Amino-Acid Composition, Secondary Structure, and 
Physicochemical and Functional Properties of Chickpea Protein Isolates.” ACS 
Omega 8 (1): 1486–95. https://doi.org/10.1021/acsomega.2c06912. 

 
 
Pais, P., Almeida, V., Yılmaz, M., and Teixeira, M. C. 2020. “Saccharomyces boulardii: 

What Makes It Tick as Successful Probiotic?” Journal of Fungi 6 (2): 
78. https://doi.org/10.3390/jof6020078. 

 
 
Paul, K., Sorrentino, M., Lucini, L., Rouphael, Y., Cardarelli, M., Bonini, P., Moreno, M. 

B. M., Reynaud, H., Canaguier, R., Trtílek, M., Panzarová, K., and Colla, G. 2019. 
“A Combined Phenotypic and Metabolomic Approach for Elucidating the 
Biostimulant Action of a Plant-Derived Protein Hydrolysate on Tomato Grown 
Under Limited Water Availability.” Frontiers in Plant Science 10 (5): 36-
42. https://doi.org/10.3389/fpls.2019.00493. 

 
 
Pedroche, J., Yust, M., Lqari, H., Megias, C., Girón-Calle, J., Alaiz, M., Vioque, J., and 

Millán, F. 2007. “Obtaining of Brassica Carinata Protein Hydrolysates Enriched 
in Bioactive Peptides Using Immobilized Digestive Proteases.” Food Research 
International 40 (7): 931–38. https://doi.org/10.1016/j.foodres.2007.04.001. 

 
 
Pelgrom, P. J., Boom, R. M., and Schutyser, M. A. 2015. “Functional Analysis of Mildly 

Refined Fractions From Yellow Pea.” Food Hydrocolloids 44 (2): 12–
22. https://doi.org/10.1016/j.foodhyd.2014.09.001. 

 
 
Pelgrom, P. J., Vissers, A. M., Boom, R. M., and Schutyser, M. A. 2013. “Dry 

Fractionation for Production of Functional Pea Protein Concentrates.” Food 
Research International 53 (1): 232–
39. https://doi.org/10.1016/j.foodres.2013.05.004. 

 
 
Perli, T., Wronska, A. K., Ortiz‐Merino, R. A., Pronk, J. T., and Daran, J.  2020. “Vitamin 

Requirements and Biosynthesis in Saccharomyces Cerevisiae.” Yeast 37 (4): 
283–304. https://doi.org/10.1002/yea.3461. 

 
 
Perović, M. N., Pajin, B. S., and Antov, M. G. 2022. “The Effect of Enzymatic 

Pretreatment of Chickpea on Functional Properties and Antioxidant Activity of 
Alkaline Protein Isolate.” Food Chemistry 374 (4): 
131809. https://doi.org/10.1016/j.foodchem.2021.131809. 

 
 
Potter, R., Truelstruphansen, L., and Gill, T. 2005. “Inhibition of Foodborne Bacteria by 

Native and Modified Protamine: Importance of Electrostatic 



97 

 

Interactions.” International Journal of Food Microbiology 103 (1): 23–
34. https://doi.org/10.1016/j.ijfoodmicro.2004.12.019. 

 
 
Punyauppa-Path, S., Phumkhachorn, P., and Rattanachaikunsopon, P. 2015. “Factors 

Influencing Synergistic Antimicrobial Activity of Thymol and Nisin Against 
Shigella Spp. In Sugarcane Juice.” Biologia 70 (8): 1003–
10. https://doi.org/10.1515/biolog-2015-0128. 

 
 
Rahman, M. M., and Lamsal, B. P. 2021. “Ultrasound‐assisted Extraction and 

Modification of Plant‐based Proteins: Impact on Physicochemical, Functional, 
and Nutritional Properties.” Comprehensive Reviews in Food Science and Food 
Safety 20 (2): 1457–80. https://doi.org/10.1111/1541-4337.12709. 

 
 
Ramírez-Jiménez, A. K., Gaytán-Martínez, M., Morales-Sánchez, E., & Loarca-Piña, G. 

(2018). Functional properties and sensory value of snack bars added with common 
bean flour as a source of bioactive compounds. LWT, 89, 674–
680. https://doi.org/10.1016/j.lwt.2017.11.043 

 
 
Ramirez-Olea, H., Herrera-Cruz, S., & Chavez-Santoscoy, R. A. (2024). 

Microencapsulation and controlled release of Bacillus clausii through a novel non-
digestible carbohydrate formulation as revolutionizing probiotic 
delivery. Heliyon, 10(2), 24923. https://doi.org/10.1016/j.heliyon.2024.e24923 

 
 
Ramos, S., Silva, V., De Lurdes Enes Dapkevicius, M., Caniça, M., Tejedor-Junco, M. 

T., Igrejas, G., and Poeta, P. 2020. “Escherichia Coli as Commensal and 
Pathogenic Bacteria Among Food-Producing Animals: Health Implications of 
Extended Spectrum β-Lactamase (ESBL) Production.” Animals 10 (12): 
2239. https://doi.org/10.3390/ani10122239. 

 
 
Ranadheera, C., Prasanna, P., Pimentel, T., Azeredo, D., Rocha, R., Cruz, A., 

Vidanarachchi, J., Naumovski, N., McConchie, R., & Ajlouni, S. (2020). 
Microbial Safety of Nonalcoholic Beverages. In Elsevier eBooks (pp. 187–
221). https://doi.org/10.1016/b978-0-12-816679-6.00006-1 

 
 
Rebello, C. J., Greenway, F. L., and Finley, J. W. 2014. “A Review of the Nutritional 

Value of Legumes and Their Effects on Obesity and Its Related Co‐
morbidities.” Obesity Reviews 15 (5): 392–
407. https://doi.org/10.1111/obr.12144. 

 
 
Ricci, L., Umiltà, E., Righetti, M. C., Messina, T., Zurlini, C., Montanari, A., Bronco, S., 

and Bertoldo, M. 2018. “On The Thermal Behavior of Protein Isolated From 



98 

 

Different Legumes Investigated by DSC and TGA.” Journal of the Science of 
Food and Agriculture 98 (12): 5368–77. https://doi.org/10.1002/jsfa.9078. 

 
 
Roberfroid, M. B. 2002. “Global View on Functional Foods: European 

Perspectives.” British Journal of Nutrition 88 (2): 133–
38. https://doi.org/10.1079/bjn2002677. 

 
 
Rodríguez-Alonso, P., Centeno, J. A., and Garabal, J. I. 2009. “Comparison of the 

Volatile Profiles of Arzúa-Ulloa and Tetilla Cheeses Manufactured From Raw 
and Pasteurized Milk.” LWT 42 (10): 1722–
28. https://doi.org/10.1016/j.lwt.2009.04.002. 

 
 
Romero, L. C., and De Lourdes Ribeiro De Souza Da Cunha, M. 2021. “Insights Into the 

Epidemiology of Community-associated Methicillin-resistant Staphylococcus 
Aureus in Special Populations and at the Community-healthcare Interface.” The 
Brazilian Journal of Infectious Diseases 25 (6): 
101636. https://doi.org/10.1016/j.bjid.2021.101636. 

 
 
Rufián-Henares, J. A., and De La Cueva, S. P. 2009. “Antimicrobial Activity of Coffee 

Melanoidins—A Study of Their Metal-Chelating Properties.” Journal of 
Agricultural and Food Chemistry 57 (2): 432–
38. https://doi.org/10.1021/jf8027842. 

 
 
Salah, N. M., Saafan, A. E., Salem, E. H., Rabey, H. a. E., Alsieni, M. A., Alatawi, F. A., 

Alalawy, A. I., and Mohammed, A. B. A. 2022. “Inhibition of the Vancomycin 
Resistance in Staphylococcus Aureus in Egypt Using Silver 
Nanoparticles.” BioMed Research International 2022 (4): 1–
10. https://doi.org/10.1155/2022/7380147. 

 
 
Salam, M. A., Al-Amin, M. Y., Salam, M. T., Pawar, J. S., Akhter, N., Rabaan, A. A., 

and Alqumber, M. a. A. 2023. “Antimicrobial Resistance: A Growing Serious 
Threat for Global Public Health.” Healthcare 11 (12): 
1946. https://doi.org/10.3390/healthcare11131946. 

 
 
Salman, H. H. (2022). Survival and stability of free and nanoencapsulated Lactobacillus 

casei under simulated gastrointestinal fluid and thermal conditions. Benha 
Veterinary Medical Journal, 42(1), 68–
72. https://doi.org/10.21608/bvmj.2022.126462.1504. 

 
Sari, Y. W., Bruins, M. E., and Sanders, J. P. 2013. “Enzyme Assisted Protein Extraction 

From Rapeseed, Soybean, and Microalgae Meals.” Industrial Crops and 
Products 43 (5): 78–83. https://doi.org/10.1016/j.indcrop.2012.07.014. 

  



99 

 

 
Schutyser, M., and Van Der Goot, A. 2011. “The Potential of Dry Fractionation Processes 

for Sustainable Plant Protein Production.” Trends in Food Science and 
Technology 22 (4): 154–64. https://doi.org/10.1016/j.tifs.2010.11.006. 

 
 
Shahidi, F., Varatharajan, V., Peng, H., and Senadheera, R.  2019. “Utilization of Marine 

By-products for the Recovery of Value-added Products.” Journal of Food 
Bioactives 6 (6): 58. https://doi.org/10.31665/jfb.2019.6184. 

 
 
Shim, S. M., Seo, S. H., Lee, Y., Moon, G. I., Kim, M. S., and Park, J. H. 2011. 

“Consumers’ Knowledge and Safety Perceptions of Food Additives: Evaluation 
on the Effectiveness of Transmitting Information on Preservatives.” Food 
Control 22 (7): 1054–60. https://doi.org/10.1016/j.foodcont.2011.01.001. 

 
 
Silva, M., and Lidon, F. 2016. “Food Preservatives - an Overview on Applications and 

Side Effects.” Emirates Journal of Food and Agriculture 28 (6): 
366. https://doi.org/10.9755/ejfa.2016-04-351. 

 
 
Simpson, B., Nayeri, G., Yaylayan, V., and Ashie, I. 1998. “Enzymatic Hydrolysis of 

Shrimp Meat.” Food Chemistry 61 (1–2): 131–38. https://doi.org/10.1016/s0308-
8146(97)00131-3. 

 
 
Singh, K., Tripathi, S., and Chandra, R. 2021. “Maillard Reaction Product and Its 

Complexation With Environmental Pollutants: A Comprehensive Review of 
Their Synthesis and Impact.” Bioresource Technology Reports 15 (9): 
100779. https://doi.org/10.1016/j.biteb.2021.100779. 

 
 
Singh, U., Kaur, D., Mishra, V., and Krishania, M. 2022. “Combinatorial Approach to 

Prepare Antioxidative Protein Hydrolysate From Corn Gluten Meal With Dairy 
Whey: Preparation, Kinetics, Nutritional Study and Cost Analysis.” LWT 153 (1): 
112437. https://doi.org/10.1016/j.lwt.2021.112437. 

 
 
Song, S., Tang, Q., Fan, L., Xu, X., Song, Z., Hayat, K., Feng, T., and Wang, Y. 2017. 

“Identification of Pork Flavour Precursors From Enzyme-treated Lard Using 
Maillard Model System Assessed by GC–MS and Partial Least Squares 
Regression.” Meat Science 124 (2): 15–
24. https://doi.org/10.1016/j.meatsci.2016.10.009. 

 
 
Sozer, N., Holopainen‐Mantila, U., and Poutanen, K. 2016. “Traditional and New Food 

Uses of Pulses.” Cereal Chemistry 94 (1): 66–73. https://doi.org/10.1094/cchem-
04-16-0082-fi. 

 



100 

 

Spies, J. R. 1967. “Determination of Tryptophan in Proteins.” Analytical Chemistry 39 
(12): 1412–16. https://doi.org/10.1021/ac60256a004. 

 
 
Stanojevic, D., Comic, L. J., Stefanovic, O., and Sukdolak, S. S. 2010. “In Vitro 

Synergistic Antibacterial Activity of Melissa Officinalis L. and Some 
Preservatives.” Spanish Journal of Agricultural Research 8 (1): 109–
15. https://doi.org/10.5424/sjar/2010081-1149. 

 
 
Su, M., Davis, M. H., Peterson, J., Solis-Lemus, C., Satola, S. W., and Read, T. D. 2021. 

“Effect of Genetic Background on the Evolution of Vancomycin-Intermediate 
Staphylococcus Aureus (VISA).” PeerJ 9 (7): 
11764. https://doi.org/10.7717/peerj.11764. 

 
 
Szymański, M., Chmielewska, S., Czyżewska, U., Malinowska, M., and Tylicki, A. 2022. 

“Echinocandins – Structure, Mechanism of Action and Use in Antifungal 
Therapy.” Journal of Enzyme Inhibition and Medicinal Chemistry 37 (1): 876–
94. https://doi.org/10.1080/14756366.2022.2050224. 

 
 
Tălăpan, D., Sandu, A. M., and Rafila, A. 2023. “Antimicrobial Resistance of 

Staphylococcus Aureus Isolated Between 2017 and 2022 From Infections at a 
Tertiary Care Hospital in Romania.” Antibiotics 12 (6): 
974. https://doi.org/10.3390/antibiotics12060974. 

 
 
Tamanna, N., and Mahmood, N. 2015. “Food Processing and Maillard Reaction Products: 

Effect on Human Health and Nutrition.” International Journal of Food 
Science 2015 (1): 1–6. https://doi.org/10.1155/2015/526762. 

 
 
Taylor, M. J., and Richardson, T. 1980. “Antioxidant Activity Of Cysteine And Protein 

Sulfhydryls In A Linoleate Emulsion Oxidized By Hemoglobin.” Journal of Food 
Science 45 (5): 1223–27. https://doi.org/10.1111/j.1365-2621.1980.tb06526.x. 

 
 
Tressl, R., Nittka, C., Kersten, E., and Rewicki, D. 1995. “Formation of Isoleucine-

Specific Maillard Products From [1-13C]-D-Glucose and [1-13C]-D-
Fructose.” Journal of Agricultural and Food Chemistry 43 (5): 1163–
69. https://doi.org/10.1021/jf00053a009. 

 
 
Trevino, S. R., Scholtz, J. M., and Pace, C. N. 2007. “Amino Acid Contribution to Protein 

Solubility: Asp, Glu, and Ser Contribute More Favorably Than the Other 
Hydrophilic Amino Acids in RNase Sa.” Journal of Molecular Biology 366 (2): 
449–60. https://doi.org/10.1016/j.jmb.2006.10.026. 

 
 



101 

 

Ukuku, D. O., and Shelef, L. A.  1997. “Sensitivity of Six Strains of Listeria 
Monocytogenes to Nisin.” Journal of Food Protection 60 (7): 867–
69. https://doi.org/10.4315/0362-028x-60.7.867. 

 
 
Urban-Chmiel, R., Marek, A., Stępień-Pyśniak, D., Wieczorek, K., Dec, M., Nowaczek, 

A., and Osek, J. 2022. “Antibiotic Resistance in Bacteria—A 
Review.” Antibiotics 11 (8): 1079. https://doi.org/10.3390/antibiotics11081079. 

 
 
Van Breemen, R. B. 2003. “Mass Spectrometry and Drug Discovery.” Burger’s 

Medicinal Chemistry and Drug Discovery 41 (7): 583–
610. https://doi.org/10.1002/0471266949.bmc012. 

 
 
Van Der Ven, C., Gruppen, H., De Bont, D. B., and Voragen, A. G. 2002. “Optimisation 

of the Angiotensin Converting Enzyme Inhibition by Whey Protein Hydrolysates 
Using Response Surface Methodology.” International Dairy Journal 12 (10): 
813–20. https://doi.org/10.1016/s0958-6946(02)00077-8. 

 
 
Vogelsang-O’Dwyer, M., Bez, J., Petersen, I. L., Joehnke, M. S., Detzel, A., Busch, M., 

Krueger, M., Ispiryan, L., O’Mahony, J. A., Arendt, E. K., and Zannini, E.  2020. 
“Techno-Functional, Nutritional and Environmental Performance of Protein 
Isolates From Blue Lupin and White Lupin.” Foods 9 (2): 
230. https://doi.org/10.3390/foods9020230. 

 
 
Wang, W. D., Li, C., Bin, Z., Huang, Q., You, L. J., Chen, C., Fu, X., and Liu, R. H. 

2020. “Physicochemical Properties and Bioactivity of Whey Protein Isolate-inulin 
Conjugates Obtained by Maillard Reaction.” International Journal of Biological 
Macromolecules 150 (5): 326–
35. https://doi.org/10.1016/j.ijbiomac.2020.02.086. 

 
 
Wang, Y., Wang, Y., Li, K., Bai, Y., Li, B., and Xu, W.  2020. “Effect of High Intensity 

Ultrasound on Physicochemical, Interfacial and Gel Properties of Chickpea 
Protein Isolate.” LWT 129 (7): 
109563. https://doi.org/10.1016/j.lwt.2020.109563. 

 
 
Ward, O. 2011. “Proteases.” In Elsevier eBooks 10 (6): 571–

582. https://doi.org/10.1016/b978-0-08-088504-9.00222-1. 
 
 
Wijesekara, I., Qian, Z. J., Ryu, B., Ngo, D. H., and Kim, S. K. 2011. “Purification and 

Identification of Antihypertensive Peptides From Seaweed Pipefish (Syngnathus 
Schlegeli) Muscle Protein Hydrolysate.” Food Research International 44 (3): 
703. https://doi.org/10.1016/j.foodres.2010.12.022. 

 



102 

 

Wikandari, R., Kinanti, D. A., Permatasari, R. D., Rahmaningtyas, N. L., Chairunisa, N. 
R., Sardjono, Hellwig, C., and Taherzadeh, M. J. 2021. “Correlations Between the 
Chemical, Microbiological Characteristics and Sensory Profile of Fungal 
Fermented Food.” Fermentation 7 (4): 
261. https://doi.org/10.3390/fermentation7040261. 

 
 
Wu, X., Huang, M., Kong, F., and Yu, S. 2015. “Short Communication: Study on the 

Formation of 2-methylimidazole and 4-methylimidazole in the Maillard 
Reaction.” Journal of Dairy Science 98 (12): 8565–
71. https://doi.org/10.3168/jds.2015-9597. 

 
 
Yu, X., Zhao, M., Hu, J., Zeng, S., and Bai, X. 2012. “Correspondence Analysis of 

Antioxidant Activity and UV–Vis Absorbance of Maillard Reaction Products as 
Related to Reactants.” LWT 46 (1): 1–
9. https://doi.org/10.1016/j.lwt.2011.11.010.  

  
  
Xu, W., Lv, K., Mu, W.,  Zhou, S., and Yang, Y. 2021. “Encapsulation of Α-tocopherol 

in Whey Protein Isolate/Chitosan Particles Using Oil-in-water Emulsion With 
Optimal Stability and Bioaccessibility.” LWT 148 (8): 
111724. https://doi.org/10.1016/j.lwt.2021.111724.  

  
  
Zhou, X., Cui, H., Zhang, Q., Hayat, K., Yu, J., Hussain, S., Tahir, M. U., Zhang, X., and 

Ho, C. T.2021. “Taste Improvement of Maillard Reaction Intermediates Derived 
From Enzymatic Hydrolysates of Pea Protein.” Food Research International 140 
(2): 109985. https://doi.org/10.1016/j.foodres.2020.109985.  

  
  
Yang, H., Hu, J., Lu, X., Wang, F., Shen, W., Hu, W., Wang, L., Chen, X., and Liu, L. 

2018. “Improving Extracellular Protein Production in Escherichia Coli by 
Overexpressing D,D-carboxypeptidase to Perturb Peptidoglycan Network 
Synthesis and Structure.” Applied Microbiology and Biotechnology 103 (2): 793–
806. https://doi.org/10.1007/s00253-018-9510-7.  

  
  

Yang, J., Deng, S., Yin, J., Yu, J., Chu, G., Cui, H., Zhang, Y., Zhang, X., Liu, J., and Lu, 
X.  2017. “Preparation of 1-Amino-1-deoxyfructose Derivatives by Stepwise 
Increase of Temperature in Aqueous Medium and Their Flavor Formation 
Compared With Maillard Reaction Products.” Food and Bioprocess 
Technology 11 (3): 694–704. https://doi.org/10.1007/s11947-017-2039-4.  

  
  
Zhang, Q. T., Tu, Z. C., Xiao, H., Wang, H., Huang, X. Q., Liu, G. X., Liu, C. M., Shi, 

Y., Fan, L. L., and Lin, D. R. “Influence of Ultrasonic Treatment on the Structure 
and Emulsifying Properties of Peanut Protein Isolate.” Food and Bioproducts 
Processing 92 (1): 30–37. https://doi.org/10.1016/j.fbp.2013.07.006.  

 



103 

 

Zhao, T., Zhang, Q., Wang, S., Qiu, C., Liu, Y., Su, G., and Zhao, M. 2018. “Effects of 
Maillard Reaction on Bioactivities Promotion of Anchovy Protein Hydrolysate: 
The Key Role of MRPs and Newly Formed Peptides With Basic and Aromatic 
Amino Acids.” LWT 97 (11): 245–53. https://doi.org/10.1016/j.lwt.2018.06.051.  

  
  
Zhong, Y., Wu, L., Chen, X., Huang, Z., and Hu, W. 2018. “Effects of Food-Additive-

Information on Consumers’ Willingness to Accept Food 
WithAdditives.” International Journal of Environmental Research and Public 
Health 15 (11): 2394. https://doi.org/10.3390/ijerph15112394.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



104 

 

APPENDIX A  

 

 

 
 

Figure A1. Lipid extraction from Legumes with n-Hexane 

 

 

 

 
 

Figure A2. After lipid extraction from Legumes 
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Figure A3. Enzymatic hydrolysis of legume protein isolates with Alcalase enzyme 
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APPENDIX B  

 

 

 
 

Figure B1. Maillard reaction product after heat treatment 

 

 

 

 
 

Figure B2. Maillard reaction products filtered with Whatman filter paper. 
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Figure B3. Ultrafiltration setup for Maillard reaction products 
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APPENDIX C  

 

 

 
 

Figure C1. After ultrafiltration process of Maillard reaction products (Left: Retentate, 

Right: Permeate) 

 

 


