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1. THE ANTECEDENTS AND THE OBJECTIVES OF THE DOCTORAL 

DISSERTATION 

Industries are increasingly adopting fractionation to extract compounds with specific 

properties, valorize unused materials, or convert waste. The refined components can be used 

as food ingredients with particular nutritional or functional properties, such as emulsifiers or 

thickeners. These properties make the targeted products valuable to various users, including 

industries, retailers, and health-conscious consumers, as they have the potential to support 

personalized nutrition.  

Protein, as a primary macronutrient, is subject to fractionation techniques to achieve a protein 

concentrate with high purity and specific functional properties. Nowadays, with the surge in 

people's awareness of the importance of a protein-rich daily diet (Patra et al., 2023), affordable, 

abundant, sustainable sources of protein are needed. Among plants, legumes offer several 

advantages from an environmental, agricultural, and nutritional perspective. They provide low 

greenhouse gas and water footprints and can enhance soil quality through nitrogen fixation 

(Semba et al., 2021). In addition to being affordable, they provide a sustainable source of 

protein (Semba et al., 2021), varying between 20% and 40% (Shevkani, 2023). Thanks to their 

properties, these proteins allow replacing existing animal-source proteins in various 

applications (Goldstein & Reifen, 2022).  

From an industrial perspective, maintaining a balance between production cost-effectiveness, 

sustainability, and product quality is crucial. With the increasing emphasis on environmentally 

friendly approaches (ionic liquids, deep eutectic solvents), there is an urgent need to optimize 

extraction conditions. Therefore, establishing a modelling framework can improve process 

performance while reducing the number of trials, and the integration of computational tools 

and predictive modelling can provide a promising strategy to minimize resource use. However, 

to ensure the reliability of these results, validation is essential.  

From a nutritional perspective, although plant-based proteins, especially those from legumes, 

are recognized for their nutritional value, their use is restricted due to allergens and 

antinutritional factors such as lectins, trypsin inhibitors, phytic acid, phenolics, oxalates, 

saponins, tannins, and cyanogenic glycosides. While fractionation and processing methods 

(such as enzymatic hydrolysis, fermentation, and roasting) can reduce or mitigate these effects, 

peptides with bioactive potential can be produced. Therefore, the characterisation of these 

peptides may reveal promising new functional properties. Additionally, in vivo model is also 
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available as a valuable tool for evaluating and validating the nutritional efficacy of diets that 

are either restricted to protein isolate or enriched with it.  

This work includes a comprehensive study that integrates both industrial and nutritional aspects 

related to the plant protein extracts. Among legumes, soybean is the most widely produced 

legume crop (Semba et al., 2021) with a cultivated land area extended to nearly 136.9  million 

hectares in 2023, resulting in a harvest of 371.17 million tons (FAOSTAT, 2025). In this 

research, soybean was selected as a focus material to:  

1. Establish a predictive model for estimating the purity of protein extracted using 

conventional and new methods (Deep Eutectic solvents).  

2. Assess the physicochemical properties of the extracted protein using techniques such 

as SDS PAGE, fluorescence, and microscopy. 

On the other hand, with the increase in single amino acid (Xiao et al., 2023) and protein extract 

supplement in food, the effect of the addition of lysine and soybean protein extract was studied 

with the aim to: 

3. Elucidate the potential nutritional effect of a normal and an exclusive high-protein 

(soybean protein) or lysine-containing diet using the vivo model Drosophila 

melanogaster. 

4. Among plant-based bioactive peptides, those originating from cereals and legumes 

exhibit notable health-promoting properties (Malaguti et al., 2014). Their wide range 

of physiological effects has been validated through in vitro studies and animal models 

(Malaguti et al., 2014). For instance, bioactive hydrolysates and peptides from pulses 

(such as peas, chickpeas, cowpeas, lupin, and particularly soybean and bean) have 

shown promising potential. However, while in vitro tests support their benefits, no 

clinical trials have yet been conducted, underscoring the need for further research 

(Garcés-RimónD et al., 2022). Therefore, as a start, this study focuses on the: 

5. Analyse the primary sequences of proteins using bioinformatics tools for structural 

insights.  

The aims of this study are outlined (Figure 1).  



 

3 
 

 

 

Figure 1. Study objectives and workflow 
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2. MATERIALS AND METHODS  

2.1. Protein extraction 

Es Mentor and Isidor are the used varieties of soybean that were cultivated at the University of 

Debrecen, Institutes for Agricultural Research and Educational Farm, Research Institute of 

Nyíregyháza (Nyíregyháza, Hungary) for protein extraction using the conventional extraction 

method (alkaline-isoelectric precipitation) and using deep eutectic solvent, respectively.  

2.1.1. Extraction using data analysis and conventional method  

To create the mini database, data including information about pH of extraction and 

precipitation, and the extraction temperature was collected and selected as factors. However, 

the purity of the protein, which reflects the crude protein content of the recovered protein, was 

considered as a response. The data was then divided into 70% for training and 30% for testing 

sets. For this research, a group of algorithms were identified: linear regression, a polynomial 

model, and machine learning algorithms.  

This research employed a two-level full factorial design to validate the initial model. Extraction 

temperature was fixed at 25 °C and 45 °C, representing the low level (-1) and the high level 

(+1). A total of four randomized experiments based on two variables (2²=4) were performed in 

triplicate according to the extraction and the adjusted procedure of Johansson et al, (2022). 

The purity of the protein, solid yield (Eq. 1), and protein yield (Eq. 2) of all samples were 

calculated based on dry weight.  

Solids yield (%) =   Weight of protein isolate*100/ Weight of soybean flour (Eq. 1) (Chiodza 

& Goosen, 2024)  

Protein yield (%) = Mass of protein in protein isolate*100/Mass of protein in the soybean flour 

(Eq. 2)  (Chamba et al., 2015) 

Prediction error was calculated to evaluate the model's efficiency (Eq. 3 and 4) (Guang et al., 

1995) 

Percentage prediction error = (Measured value-Predicted value)*100/ Measured value (Eq. 3) 

Percentage prediction error = (Predicted value- Measured value)*100/ Measured value (Eq. 4) 
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2.1.2. Extraction using Deep eutectic solvent  

2.1.2.1. Preparation and characterisation of deep eutectic solvents 

The preparation of deep eutectic solvents (DES) using Choline chloride and glycerol (molar 

ratio of 1:2) followed the method of  Yue et al, (2021). Then, the mixture was stirred with a 

magnetic stirrer at 25 °C until a homogeneous and transparent liquid was formed, 

approximately after 20 minutes.  

The pH, the electrical conductivity, and density of the different mixtures containing 30:70%, 

50:50% and 60:40% of DES (ChCl: Gly): water was studied. 

2.1.2.2. Protein extraction using DES/water mixture 

Protein extraction was performed in accordance with the procedure by Q. Chen et al., (2021) 

with some modifications. 10 g of DES/water mixture was mixed with 1 g of soybean flour. 

After that, the samples were stirred at 160 rpm (Infors HT Ecotron, Switzerland) for a specific 

duration and temperature (Table 1), then centrifuged (Hettich, Germany) at 4020 RCF for 20 

minutes to collect the supernatant. Each experimental condition was repeated three times. 

2.1.2.3. Optimization of protein extraction 

• Identification of the factors affecting the protein extraction 

In this research, part of the experimental runs was conducted using Behnken design (Figure 2).  

 

Figure 2. Applied combination of factors including extraction time (Time (h)), DES (%), and 

extraction temperature (T (°C)) 

The nitrogen content of each experiment was estimated using the Kjeldahl method was (Evers 

& Hughes, 2002) according to AOAC procedures AOAC 2001.11 (Latimer, 2023).  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/eutectic-solvent
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In this study 80% was designed for training while 20% was allocated for model testing. To 

enhance the model’s reliability, K-fold cross-validation was employed with K set to 10.  

2.2.  Evaluation of protein quality 

2.2.1. Sample preparation  

• Protein isolated with DES solvent 

2 g of soybean flour was incorporated into 20 ml of DES (ChCl:Glycerol): Water in the ratio 

of 60% of DES and 40% of water, to evaluate the impact of the binary mixture of DES: Water, 

since  65 °C is recognised as the denaturation temperature for the 7S fraction  (Peng et al., 

2016).  

• Protein isolate modified with enzymatic hydrolysis  

The sample was prepared according to the research of Z. Wang et al, (2014), with some 

modifications. The protein was dispersed in distilled water to a final ratio of 1:15 (w/v) and 

adjusted to pH 8.0 with 1 mol/L NaOH. The hydrolysis was carried out with 0.2% of trypsin at 

37 °C for 90 minutes with continuous agitation. Throughout hydrolysis, the solution’s pH was 

continuosly adjusted to pH 8.0 with 1 mol/L NaOH. To stop the reaction, the mixture was 

heated in boiling water for 10 minutes to inactivate the enzyme. After cooling to room 

temperature, the hydrolysate was centrifuged at 4020 RCF for 15 minutes. The resulting 

precipitate was freeze-dried.  

• Protein isolates subjected to physical modification  

The chemical modification of the soybean protein was prepared according to F. Liu & Tang, 

(2013) with some changes. Briefly, 6% (w/v) solution was prepared by dispersing the soybean 

protein isolate in distilled water with continuous stirring for two hours under a magnetic stirring 

and then kept overnight at 4 °C for full hydration of the proteins. The solution was then heated 

to 95 °C for 15 minutes in a bath. After cooling, the solution was sonicated at a frequency 

sweeping between 50-60 Hz for 30 minutes using an ultrasound processor model Olympus 

Endosonic supplied by the manufacturer (KeyMed, UK). After that, 300mM of NaCl was added 

and centrifuged for 15 minutes at 4020 RCF. Finally, the collected pellet was freeze-dried.  

2.2.2. Evaluation of the characteristics of the extracted and treated protein   

• Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried 

out following the study of Domokos-Szabolcsy et al., (2022) with some modifications. 
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10 mg of the homogenised sample was dissolved in 250 μL of (2× Laemmli). The 

sample solution was then mixed with the buffer. After incubation at 95 °C for 5 minutes, 

followed by centrifugation (13000 rpm, 20 minutes) at 4°C, 10 μL of the supernatant 

of each sample was loaded in a well alongside a standard marker (10-180 kDa). The 

resolving gel was 12.5%, and the stacking gel was 9%, prepared in a Mini-Protean Tetra 

Cell gel system (Bio-Rad Inc. Hercules, MI, USA). Both stacking and separating gels 

were run at 90 V for 15 minutes and 160 V for 59 minutes, respectively. After that, the 

gel was stained with Coomassie Brilliant Blue (G-250) solution. Scanning was 

performed using the Imaging System (BioRad ChemiDoc MP Imaging System 5.2.1, 

USA). 

• The intrinsic fluorescence spectra of the isolated soybean protein were measured with 

an F-8500 Spectrofluorometer (Jasco, Oklahoma, United States).  

• Light microscope: The images were captured at room temperature using a light 

microscope (Olympus Corporation SZX2-ILLK, Tokyo, Japan) and processed with 

OLYMPUS cellSens Entry 2.3 software. 

2.3. Assessment of the nutritional effect of soybean protein 

2.3.1. Description of Drosophila melanogaster in vivo analytical system 

The evaluation of nutritional effects by Drosophila melanogaster in vivo digestion experiment 

was conducted using wm4h (white mottled 4) strain sourced from Bloomington Stock Center, 

which was used for all the samples. The experiment was performed following the method 

described by (Aleya et al., 2023), with some modifications. The effect of soybean protein (SP), 

lysine and the mixture of soybean protein and lysine (2%, 1%, 0.5%) (Table 1) were evaluated.  

Table 1. Experimental parameters  

Total concentration of mixture/0N-diet (%) 

2% 1% 0.5% 

Soybean protein+Lysine mixture composition (%) 

1 25-75 

2 50-50 

3 75-25 
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Evaluated parameters  

- Pupae length and width measurements 

Pupal size (length and width) was determined according to the method of Enriquez et al, (2022). 

The length and width were measured using the freely accessible online software ‘Imagej’ 

(ImageJ, n.d.). 

- Brain dissection and optic lobe length  

The larval dissection to access the brain was done according to the protocol of (Bayala et al., 

2024) used to access imaginal discs with some modifications. Pictures of the dissected brains 

were taken using the optical microscope Olympus Corporation (Model SZX2-ILLK, Japan), 

and the length of optic lobes was measured using OLYMPUS cellSens Entry 2.3 software.   

- Determination of Drosophila Red Eye Pigment Concentration 

To study the effect of diet on the flies, a close-up of the fly's head image was taken using the 

optical microscope Olympus Corporation (Model SZX2-ILLK, Japan). The analysis was 

carried out according to the study of Sun et al, (2002) with some modifications.  

2.3.2. Dataset preparation and evaluation for epitope characterisation  

For peptides, a group of 263 selected sequences of allergens and bioactive peptides 

(immunomodulatory/anti-inflammatory/anti-proliferative) from cereals and legumes were 

collected from the online Structural Database of Allergenic Proteins (SDAP 2.0 : Structural 

Database of Allergenic Proteins, 2023) and research articles. During the data preparation, the 

sequences were characterized by their physicochemical properties and composition (amino 

acid count) after the removal of the duplicated sequences.  

For epitopes, 1963 allergenic epitopes from different sources (legumes, fish, and cereals), and 

32 immunosuppressive epitopes were extracted from the IEDB-AR database (IEDB.org: View 

Results and Refine Search). The characterisation of peptides includes the amino acid count 

(prevalence frequencies of 20 amino acids), molecular weight, the aliphatic index  (relative 

volume of a protein occupied by aliphatic side chains (A, V, I, and L)(Ikai, 1980), aromaticity 

(relative frequency of aromatic amino acids (F, W, and Y)), hydrophobic ratio (GES scale, 

which is based on energetic considerations of residues in α-helices (Koehler et al., 2009), the 

frequency of amino acids in the termini of each sequence, the series of potential epitopes.  

https://www.iedb.org/result_v3.php?cookie_id=3fa15c
https://www.iedb.org/result_v3.php?cookie_id=3fa15c
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Concerning the epitopes, the amino acid count, molecular weight, charge, hydrophobicity, the 

prevalence of each amino acid in the epitope, and the relative position of W, F, and Y are the 

studied features. 

2.4. Statistical analysis  

All the results were expressed as means ± standard deviations of experimental triplicate from 

each independent experiment. Statistically significant values among groups were compared 

using the one-way analysis of variance (ANOVA). The value of p < 0.05 was regarded as 

statistically significant. 

Minitab (version 21), Python (Jupyter notebook), R, GraphPad Prism version 9.5.0 (730) are 

the used softwares. 
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3. RESULTS 

3.1. Protein extraction 

3.1.1. Extraction using data analysis and conventional method  

The correlation matrix (Figure 3) reveals a low positive correlation between the purity of the 

protein isolate (response) and the pH of the extraction. There is a moderately strong positive 

correlation between the pH of precipitation and the response, as well as between the pH of 

extraction and the pH of precipitation. Conversely, a weak correlation between extraction 

temperature and the response suggests this factor can be disregarded.  

 

Figure 3. Correlation among extraction factors (temperature, pH of extraction, and pH of 

precipitation) and the response (purity of protein) 

Optimization of soybean protein isolate extraction conditions 

• Model fitting 

Considering the results from various models, the voting regressor yields achieves the highest 

prediction accuracy, and the lowest mean squared error (RMSE). Using both methods—the 

train-test split (70:30) and 10-fold cross-validation, the Voting regressor achieved its highest 

R² value. 

• Validation of protein extraction process 

According to the results from the mini database, the alkaline extraction of soybean flour, 

presenting 37.76±0.32% of protein (dry basis), resulted in a relatively pure protein isolate 
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(Figure 4). This is likely because the alkaline solution can break down the plant cell matrix and 

solubilise the protein (Hadidi et al., 2023).  

                                     

 

Figure 4. Soybean protein properties after extraction with different extraction pH (8 or 10) 

and temperature (25 °C or 45 °C). A: Solids yield of the extracted protein, B: Purity of the 

extracted protein, C: Yield of the extracted protein 

The findings indicated that fluctuations in temperature and pH levels during the extraction 

process did exert a statistically significant effect on the purity of the protein isolate. The 

outcomes produced by the model were consistent with the experimental results. The selected 

model demonstrated that variations in the pH of extraction would yield comparable purity 

levels but with a high margin of error (Figure 4).  
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3.1.2. Extraction using Deep eutectic solvent  

• Selection of factors for the optimization of protein extraction 

To assess N diffusion during protein extraction with different DES-water mixtures, different 

models were evaluated. The determination coefficient (R2) indicates that both the 

RandomForest, and the polynomial model showed a good fit to the data.  

The rise in the DES (%) from 0 to 60% correlates with a statistically significant increase in the 

total N content. This increase is partly attributable to the N derived from ChCl, which 

constitutes 10% of its composition (Figure 5), as  Kjeldahl method measures the overall 

nitrogen levels (Prandi et al., 2019).  

  

Figure 5. The N content of the DES:water solutions (0:100%, 30:70%,50:50%, and 60:40%). 

A strong linear relashionship between the percentage of DES and the N content as indicated 

by the coefficient of determination R2 

The density increased significantly by the addition of DES. It gives an idea about the solvation 

ability of DESs (Abdollahzadeh et al., 2022) (Figure 6).  

 

Figure 6. Density of the DES: water mixtures  
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With the addition of water, an adverse effect was obtained for the conductivity (Figure 7). As 

a result of the decrease in viscosity, it has been proved that a low amount of water may rise the 

conductivity by up to 100 times for some NADES.  

 

Figure 7. Conductivity of the DES:water mixtures  

This result is further supported by the pH measurement of the used solvent (Figure 8), proving 

its neutrality. 

 

Figure 8. pH of the DES:water mixtures  

3.2. Protein extract characterization 

• Protein extracted with DES-water solvent 

The SDS page analysis of both protein isolates showed that the protein extraction using a DES: 

water ratio (60%:40%) represents α′, α, and β subunits of 7S, and the acid subunits of the 11S 

glycinin fraction.  

On the other hand, the DES extraction during heating  resulted in  an irreversible denaturation 

of soy protein  after the use of pure DES mixture Q. Chen et al., (2021)  (Figure 9).  
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Figure 9. Deep eutectic solvent extracted soybean protein isolates and water extracted 

soybean protein 

• Treated protein isolate through physical and enzymatic process 

The electrophoretic analysis of both the modified and the native proteins revealed a broad range 

of molecular weights of ~ 17, 25, 34, 43, 55, 95, and 170 kDa. Following the enzymatic and 

physical treatment, no distinct red or blue shift occurred for the fluorescence spectrum of 

soybean protein isolate. However, the fluorescence intensity of the emitted light at 357 nm 

increased significantly (Figures 10). This effect can be related to the increase in the exposure 

of the amino acid residue (such as tryptophan and leucine) that were initially buried under the 

native state due to conformational changes (Li et al., 2020; Zhang et al., 2021), increasing the 

fluorescence intensity (Zhang et al., 2021). 

 

Figure 10. Fluorescence of native and modified soybean protein isolate (excitation:290 nm, 

emission: 357nm) Values with different superscripts differ significantly at p < 0.05. 

The native soybean protein isolate has 80.61 ± 0.61% of protein, the rest which represent 20%. 

The oxidation of soybean oil generated a fluorescence with an excitation maximum at 365 nm 

and an emission maximum at 450 nm, and the intensity increased during storage (Liang, 1999). 

For these reasons, the reduction of the fluorescence intensity (Ex:360 nm /Em: 440 nm) of the 

treated samples (Figure 11) can be related to the removal of the oxidised oil by the addition of 

water and centrifugation.  
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Figure 11. Fluorescence of native and modified soybean protein isolate A. Excitation:360 

nm, emission: 450 nm, B.  excitation:360 nm, emission: 440 nm                                                                                                                     

Value with different superscripts differ significantly at p < 0.05. 

As shown in figure 11, the native soybean protein isolate has a higher fluorescence intensity 

than the treated ones at an excitation/emission wavelength of 360 nm/440 nm. This 

fluorescence can be generated by Maillard reaction products.  

3.3. Assessment of nutritional effect of soybean protein and lysine  

3.3.1. Drosophila model  

• Effect of the soybean protein and lysine on the development of Drosophila  

The addition of 5-fold in sucrose to normal diet or 4% of soybean protein to zero nutrient diet 

(0M) showed 2-days of delay compared to normal media (NM) (Figure 12).  

 

Figure 12. Progress of pupae's emergence after the addition of different percentages 

of SP in 0M over time 
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In 0M, 0.25 and 0.5% of Lysine, were able to make some embryos developed into 

larvae. However, these larvae could not pupate. In contrast, at high concentrations of lysine (1, 

2, and 4%), no movement of larvae was detected. These findings indicate that lysine is 

necessary for the development of Drosophila. However, the low amount was sufficient, as 

higher quantities were toxic. These results emphasize the necessity of a balanced amino acid 

supply.  

• Effect of food restriction environment on pupae size 

 In ideal conditions that promote rapid growth, internal checkpoints ensure that maturation does 

not occur until juvenile development is complete (Tennessen & Thummel, 2011). In particular, 

pupae size is one of the critical parameters for controlling growth and ensuring that the larvae 

attain the appropriate size at metamorphosis (Mirth & Riddiford, 2007).  

 

                                                

Figure 13. Pupal length (in mm) (A) and width (B) reared on different diets. Different letters 

denote significant differences based on estimated marginal mean comparisons (p 

value < 0.05). Control: NM 

The analysis of the pupae size that emerged in OM with a variable SP concentration showed a 

significant difference in the average length and width (Figure 13). The largest pupae were found 

in NM (control), while the smallest pupae were observed in the 0M supplemented with (1 and 

2% of SP). At low SP concentrations (0,5% and 0.25%), a limited number of pupae appeared, 

making it challenging to generalise the findings about their size.  

• Effect of diet on Drosophila’s eye color 

The visual assessment of the preliminary analysis of flies’ eye color in the samples 
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in the eye color of the flies raised in NM and all those raised in 0M with different protein 

concentrations (1, 2, and 4 g/100 g 0M) was also identified (Figure 14).  

 

Figure 14. Drosopterin concentration of Wm4h Drosophila eyes reared in C1: 0M with 4% SP 

isolate, C2: 0M with 2% SP isolate, C3: 0M with 1% SP isolate, NM (Control), and of 

Drosophila mutation Viking GFP (Curly wings, yellow body) reared in NM 

Our research revealed a variation in the shape of the brain (Figure 15). In particular, the length 

of the HS (hemispheres) of the larvae reared on a diet restricted to 2 and 4% of SP represents 

only 63 to 67% of the length of those grown under normal conditions. 

 

Figure 15. Length of HS of the brain of 3rd instar larvae cultivated in NM (control), 0M 

supplemented with 4% and 2% of SP. Different superscript denotes the significant difference 

at p<0.05 
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3.3.2. Allergenic and bioactive peptide characterisation  

The comparison between the size of bioactive and allergic peptides reveals that there is a 

statistically significant difference between them. A smaller number of amino acids and a low 

molecular weight characterise the bioactive peptides compared to the allergic ones (241 amino 

acids). 

The verification of their amino acid composition reveals that the peptides with allergic 

effect showed the dominance of Q (glutamine) with more than 11 % occurrence. However, 

bioactive peptides, showed a higher occurrence of E, P, G, K, S, and Q amino acids (>5%). 

Although they are characterised by their anti-inflammatory activities (Hasegawa et al., 2012; 

Nam et al., 2018), the ratio of cysteine in the allergic peptides is the highest, indicating their 

higher prevalence in allergic proteins (Figure 16).  

 

Figure 16. Average ratio of each amino acid in the allergic peptide / amino acid in the 

immunomodulatory peptide 

The study of the correlation between all the features (amino acid count, aliphatic index, 

molecular weight, total hydrophobicity, the occurrence of thiol, E, and the amine group (K) and 

aromatic amino acids), and the nature of the peptide (allergenic or bioactive) referred to as its 

functional properties (Function) revealed a relatively high negative correlation between the 

molecular weight and the number of amino acids in the sequence. 

 In contrast there is a weak positive correlation between the prevalence of amine amino acid 

(K) and the response. However, the aromatic amino acids show almost no correlation with the 

type of the peptide, indicating their independence. 

 

 



 

19 
 

• Epitopes detection from bioactive sequences  

In this research, the study of the physicochemical properties of the epitope that induces allergy 

and immunosuppressive effect (molecular weight, hydrophobicity, charge, amino acid count) 

and their composition of amino acids revealed a weak correlation between these properties and 

the functional property of the epitope (Function).  

By detecting the pattern in the amino acid sequences of the bioactive peptides, a group of 

potential epitopes were identified. A similarity test (cosine similarity) using the main properties 

(the number of amino acids, the molecular weight, hydrophobicity, and the prevalence of the 

amino acid W%) was conducted to compare the identified epitopes with the 

immunosuppressive ones.  

Using only W, as a parameter, the similarity revealed a notable difference between the 

sequences. However, featuring a group of parameters a high similarity between the potential 

epitope and the immunosuppressive epitope is unveiled.  These results provide an overview on 

the potential use of these epitopes in treating autoimmune disorders, highlighting the potential 

role of structural similarity in predicting protein function. However, further experimental 

analysis is necessary to validate these findings.     
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4. NEW CONTRIBUTIONS TO ACADEMIC KNOWLEDGE 

1. Data collection from previous scientific studies provided valuable data for determining 

optimal conditions for soy protein extraction, and the predictive model for protein purity 

showed a good fit with a high coefficient of determination (0.83). The experiment 

confirmed the adequacy of the model held under mild extraction conditions using a full 

factorial design, with temperature (25 and 45 °C) and pH of extraction (8 and 10). The 

conducted experiments confirmed that the temperature and pH of extraction did not 

influence the purity; however, they revealed that the pH of extraction significantly impacts 

the protein yield and solid yield. The highest yield was achieved at a temperature of  45 °C 

and a pH of 10. 

2. Adding different percentages of water to DES (Choline chloride: Glycerol (1:2)) and 

carrying out the extraction at different durations and mild temperatures (25-45 °C) may 

affect the proteinous nitrogen diffusion. Incorporating a high water content (~50-70%), 

which shifts toward a "DES-in-water" system, resulted in a nitrogen transfer similar to that 

of pure water. This might indicate a disruption of the specific H-bonded DES complex. The 

quality assessment of the protein extracted with 60% of DES, at 45 °C, revealed the 

potential exemption from impurities such as oxidized lipids or Maillard reaction 

conjugates, but it indicated the denaturation of the protein. 

3. Using the Drosophila melanogaster model through the indirect method (determination 

of the red eye pigment) reveals that a diet relying on just one single source of protein 

(soybean protein (1, 2, and 4%)) can induce epigenetic effects. On the other hand, the 

addition of lysine as a single amino acid to the normal diet of Drosophila to enhance the 

nutritional value of the diet can create a toxic effect at high concentrations (2% and 4%).  
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5. PRACTICAL USE OF THE RESULTS 

1. The presented work highlights the importance of utilizing data from existing scientific 

research to advance process optimization. By compiling experimental results from diverse 

studies conducted under different conditions, this approach enables the development of data-

driven models applicable to different aspects of the industry. This approach can minimize the 

necessity for extensive trials, offering a cost-effective and scientifically rigorous strategy.  

2. Investigating the effect of water addition to DES is part of identifying strategies for 

enhancing the performance of the sustainable extraction process. From an industrial 

perspective, this method can generate higher efficiency corresponding to lower operational cost 

and higher profit.  

3. This study highlights the importance of accurately determining protein intake to prevent 

nutrient deficiency and excessive consumption.  

5. The toxicity of lysine for Drosophila when supplemented at a concentration of 2, and 4% in 

the normal diet can provide products for industrial applications, such as pesticides.  
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