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There is a growing worldwide demand for alternative sources of proteins for human nutrition. In this context, many researches have been carried out to develop an original process for production of total proteins from rapeseed meal. Interestingly, some recent works have demonstrated a possible selective extraction of napins (rapeseed albumins). However, the precise impact of extraction conditions on process performances has never been elucidated. The aim of this study was to establish the optimal conditions for selective extraction of napins from rapeseed meal while producing a high-quality solid residue. First, the effect of pH (2-4) and NaCl concentration (0-0.2 mol.L -1 ) at 20 and 55 °C on the extraction process performances was investigated by design of experiments. Second, a rational approach of multicriteria optimization including genetico-evolutionary algorithm was employed. As a result, two sets of optimal conditions (pH 2.0/0.11 mol.L -1 of NaCl at 20 °C and pH 3.75/0.2 mol.L -1 of NaCl at 55 °C) were found. They allowed for > 55% of napin extraction yield, > 95% of napin proportion in the extract and < 4% of phytic acid content in the solid residue. However, much greater yield of napins was noted at the higher extraction temperature (55.4% vs 75.56% at 20 and 55 °C, respectively). Napins extracted under the two optimal conditions and purified by ultrafiltration had a light creamy color and similar composition. Minor structural modifications between the two proteins were observed, but they did not affect the functional properties (foaming and emulsifying properties) that appeared to be comparable.

Introduction

Rapeseed including canola is one of the largest oilseed crops worldwide with an annual production of over 70 million tons in 2019 (FAOSTAT, 2019). The solid residue remaining after the oil extraction process (rapeseed meal) is currently used for feed due to its high protein content (30 to 50% on dry matter basis [START_REF] Von Der Haar | Rapeseed proteins-Production methods and possible application ranges[END_REF][START_REF] Wanasundara | Canola/rapeseed protein-functionality and nutrition[END_REF][START_REF] Aider | Canola proteins: composition, extraction, functional properties, bioactivity, applications as a food ingredient and allergenicity-A practical and critical review[END_REF][START_REF] Aluko | Polypeptide profile and functional properties of defatted meals and protein isolates of canola seeds[END_REF]. However, rapeseed meal recently gained a great interest as a promising alternative source of plant-based proteins that could be used as an isolate in food industry.

Storage rapeseed proteins consist mainly of globulins and albumins. The 12S globulins, also called cruciferins, are the most abundant protein fraction accounting for 50 to 70% of total rapeseed proteins.

They have a high molecular weight (about 300 kDa) and an isoelectric point (pI) at pH 7.2 (Wanasundara et al., 2016;[START_REF] Hudson | New and developing sources of food proteins[END_REF][START_REF] Cheung | Effect of pH and NaCl on the Emulsifying Properties of a Napin Protein Isolate[END_REF]Perera, McIntosh, & Wanasundara, 2016;[START_REF] Tan | Canola proteins for human consumption: extraction, profile, and functional properties[END_REF]. The 2S albumins, also called napins, represent from 20 to 45% of total rapeseed proteins [START_REF] Von Der Haar | Rapeseed proteins-Production methods and possible application ranges[END_REF][START_REF] Wanasundara | Proteins of Brassicaceae oilseeds and their potential as a plant protein source[END_REF]. They are low-molecular weight proteins (12 to 15 kDa) composed of a small and large chain of 4.5 and 9.5 kDa, respectively [START_REF] Akbari | An integrated method of isolating napin and cruciferin from defatted canola meal[END_REF][START_REF] Aider | Canola proteins: composition, extraction, functional properties, bioactivity, applications as a food ingredient and allergenicity-A practical and critical review[END_REF][START_REF] Wanasundara | Canola/rapeseed protein-functionality and nutrition[END_REF]. Several isoforms of napins have recently been identified [START_REF] Wanasundara | Canola/rapeseed protein-functionality and nutrition[END_REF] with an average pI around 11 [START_REF] Akbari | An integrated method of isolating napin and cruciferin from defatted canola meal[END_REF].

Isolates are the most refined protein products containing at least 90% of proteins on dry matter basis (Codex Alimentarius, 2019). They are commonly used in food industry as nutritional, functional and stabilization ingredients. In general, the production of plant protein isolate is a two-step process. The first step is a solid/liquid extraction, which is based on the solubilization of proteins from vegetable solid matrix in an aqueous solution. In the second step of purification, extracted proteins are separated from other hydrosoluble non-protein compounds (carbohydrates, phenolic compounds, organic acids, etc.) to achieve an isolate grade product.

A significant number of studies have proposed a production process for total protein isolate from rapeseed meal. Most of them consist of alkali extraction (pH 9-12) followed by protein purification by acidic precipitation (pH 2.5-5.5) [START_REF] Aider | Canola proteins: composition, extraction, functional properties, bioactivity, applications as a food ingredient and allergenicity-A practical and critical review[END_REF][START_REF] Tan | Canola proteins for human consumption: extraction, profile, and functional properties[END_REF][START_REF] Aluko | Polypeptide profile and functional properties of defatted meals and protein isolates of canola seeds[END_REF]Fetzer, Muller, Schmid, & Eisner, 2020). However, the current technologies present several drawbacks. First is the presence of non-protein compounds such as phenolic compounds, which can complex via covalent interactions with proteins, particularly in an alkaline pH environment and contribute to unfavorable color and taste [START_REF] Wanasundara | Proteins of Brassicaceae oilseeds and their potential as a plant protein source[END_REF][START_REF] Sosulski | Organoleptic and nutritional effects of phenolic compounds on oilseed protein products: A review[END_REF]. Second is the production of protein isolates characterized by limited functional and nutritional properties. Indeed, the acidic precipitation leads to an irreversible denaturation of the cruciferins and an important loss of the well-soluble napins which decrease the overall solubility of final protein products [START_REF] Tan | Canola proteins for human consumption: extraction, profile, and functional properties[END_REF][START_REF] Pedroche | Brassica carinata protein isolates: chemical composition, protein characterization and improvement of functional properties by protein hydrolysisby[END_REF][START_REF] Akbari | An integrated method of isolating napin and cruciferin from defatted canola meal[END_REF][START_REF] Chen | Recovery of canola meal proteins by precipitation[END_REF][START_REF] Blaicher | Rapeseed protein isolates: Effect of processing on yield and composition of protein[END_REF]. Finally, the proposed technologies lead to the by-production of a large amount of poor-quality solid residue left after protein extraction having a low content of proteins (about 50% of initial content). In addition, the resulting solid residue is rich in antinutritional compounds i.e., phytic acid which limits the bioavailability of many essential minerals and forms an insoluble phytate-protein complex [START_REF] Cheryan | Phytic acid interactions in food systems[END_REF]. Consequently, the solid residue from protein processing can no longer be used for feed.

Interestingly, several authors analyzing SDS-PAGE gels of rapeseed extract have observed selective extraction of napins at pH 2 to 4 [START_REF] Nioi | Selective extraction, structural characterisation and antifungal activity assessment of napins from an industrial rapeseed meal[END_REF][START_REF] Perera | Structural properties of cruciferin and napin of Brassica napus (canola) show distinct responses to changes in pH and temperature[END_REF][START_REF] Wanasundara | Solubility differences of major storage proteins of Brassicaceae oilseeds[END_REF]Fetzer, Herfellner, Stabler, Menner, & Eisner, 2018). The sequential production of napin-rich extract from Brassicaceae oilseed at pH range of 2.5 to 5, followed by production of cruciferin-rich extract from remaining meal residue at pH 7 to 13 was also widely described in the patent of Wanasundara and McIntosh (2013). The purified napins were characterized by perfect solubility in water over a wide range of pH (>90% at pH 2-10), excellent foaming properties and stable structure against various pH and temperature. Napins had also a well-balanced composition in amino acids, exceptionally regarding sulfur-containing amino acids (cysteine, methionine) that are limiting in other plant proteins [START_REF] Hudson | New and developing sources of food proteins[END_REF][START_REF] Young | Plant proteins in relation to human protein and amino acid nutrition[END_REF][START_REF] Gueguen | Plant proteins: context and potentialities for human food[END_REF], Wanasundara, & McIntosh, 2013).

Therefore, the selective extraction of napins from rapeseed meal would probably yield a high-quality protein isolate that could be used for human nutrition. This strategy is particularly interesting since a solid residue remaining after napin extraction process would be rich in cruciferins and so could still be used for feed. Besides, other authors have also reported that acidic washing of rapeseed meal at pH from 3.5 to 4.0 prior alkali extraction can remove up to 50% of phytic acid from meal increasing its nutritional quality [START_REF] Akbari | An integrated method of isolating napin and cruciferin from defatted canola meal[END_REF][START_REF] Zhou | Proteins from double-zero rapeseed[END_REF][START_REF] Serraino | Removal of phytic acid and protein-phytic acid interactions in rapeseed[END_REF][START_REF] Blaicher | Rapeseed protein isolates: Effect of processing on yield and composition of protein[END_REF].

However, the acidic protein extraction from rapeseed meal is still poorly described in the literature. Indeed, the precise impact of crucial protein extraction conditions such as pH, NaCl concentration and temperature, and their interactions on process performances has not been addressed, so far. Furthermore, the performances of the acidic protein extraction process have never been quantitatively analyzed and optimized considering simultaneously the criteria of the napin extraction and the quality of the remaining solid residue. Besides, the influence of selected process conditions on the composition, structure and functional properties of proteins has not been described previously. This makes the rational choice of the appropriate extraction conditions extremely challenging. Hence, an alternative strategy based on the selective extraction of napins while producing a high-quality solid residue under acidic conditions should be more explored.

The first step of this work was thus to investigate by design of experiments (DoE) the effect of pH (2-4), NaCl concentration (0-0.2 mol.L -1 ) at two different temperatures (20 and 55 °C) on the napin extraction yield and the napin content in the liquid phase from extraction as well as the phytic acid and the protein content in the solid residue. The starting material was a cold-pressed rapeseed meal which was not defatted with hexane and would likely allow higher protein yield and quality. In the second step, polynomial models from DoE were used in a multicriteria optimization methodology based on genetico-evolutionary algorithms to establish an optimal set of pH and NaCl concentration at 20 °C and 55 °C. In the third part, napins were extracted under the highlighted optimal conditions at 20 °C and 55 °C and purified by ultrafiltration. The produced protein isolates were compared in terms of aggregation state, secondary and tertiary structures, functional properties (solubility, foaming and emulsifying) and color.

Material and methods

Material

Cold-pressed rapeseed meal was provided by Olead (Pessac, France). Approximate composition was determined as follows: 37.4% (w/w) (N x 6.25) of proteins, 6.8% of phytic acid, 3.5% (w/w) of total dietary fibers, 8.7% (w/w) of carbohydrates, < 1% (w/w) of polyphenols and 15.4% (w/w) of fat on dry matter basis.

The particle size distribution of ground cold-pressed rapeseed meal showed the median diameter D50 (represents 50% cumulative percentiles of the particle sizes), the surface weighted mean diameter D(3,2), and the volume weighted mean diameter D(4,3) of 268.2 ± 17.2 µm, 49.97 ± 3.21 µm, and 329.2 ± 11.4 µm, respectively.

HCl was purchased from Carlo Erba (Val-de-Reuil, France). NaCl, NaOH, FeCl3, sulfosalicylic acid, Na2SO4 and ethylenediaminetetraacetic acid (EDTA) were from Sigma-Aldrich (St. Louis, MO, USA). All reagents for chromatography were of analytical grade. Acetonitrile was provided by Biosolve BV (Valkenswaard, Netherlands). Trifluoroacetic acid (TFA) was from ThermoFisher (Waltham, MA, USA). Ultra-pure water (≥ 18.2 MΩ) was generated by a system Purelab Ultra from Elga (High Wycombe, United Kingdom).

Protein extraction

The extraction process was based on procedures used by [START_REF] Defaix | A protein isolate and process for the production thereof[END_REF]. Extractions were carried out in a temperature-controlled bioreactor of 200 mL at 20 or 55 °C. The mass of 15 g of rapeseed meal was poured into 120 mL of NaCl solutions (0 to 0.2 mol.L -1 ) and adjusted to pH 2.0-4.0 with 1 mol.L -1 of HCl solution at a 1:9 solid:liquid (w:w) ratio. After 60 min of stirring, the remaining meal was eliminated by centrifugation (15 000 x g, 15 min, 20 °C). The liquid extract was filtered through a cellulose paper of 0.2 µm pore-size membrane from Fisher Scientific (Pittsburgh, Pennsylvania, USA) and clarified by microfiltration with a 0.22 µm and 50 cm² membrane (Pellicon XL, Millipore, Burlington, Massachusetts, USA) on a Cogent µScale tangential filtration system (also from Millipore) at room temperature up to a volume reduction factor (VRF) of 10. The clarified extract was analyzed for the total protein and napin content. The solid residue left after the solid/liquid extraction was first freeze-dried and then the protein and phytic acid content were characterized.

Design of experiments and multicriteria optimization

The effect of pH and NaCl on albumin extraction was studied by design of experiments (DoE) at 20 and 55 °C. Central composite face centered (CCF) design was chosen to study the impact of parameters (extraction conditions) on performance criteria (responses). Each design matrix was composed of 11 experiments including 3 repetitions of the center points (Table A1). Modde software (Umetrics, Umea, Sweden) was used for the generation of the DoE matrix and the statistical analysis of models. The two studied parameters were: (i) pH (x1) ranking from 2.0 to 4.0 to ensure the selective extraction of napins [START_REF] Nioi | Selective extraction, structural characterisation and antifungal activity assessment of napins from an industrial rapeseed meal[END_REF] and (ii) NaCl concentration (x2) from 0 to 0.2 mol.L -1 because it was reported that in this range the addition of salt had the most pronounced impact on the rapeseed protein extraction [START_REF] Wanasundara | Solubility differences of major storage proteins of Brassicaceae oilseeds[END_REF][START_REF] Fetzer | Influence of process conditions during aqueous protein extraction upon yield from pre-pressed and cold-pressed rapeseed press cake[END_REF]. Higher salt concentration was also avoided to limit the corrosive effect of salts on industrial steel under acidic conditions and to reduce the process cost. The results were obtained from design of experiments carried out at 20 °C and 55 °C. Intermediate temperatures were not included due to potential microbial development, while temperatures above 55 °C could lead to protein denaturation. The investigated responses were: (i) napin extraction yield, (ii) napin proportion in the extract and (iii) phytic acid content in the solid residue. The model proposed for response (y) was as below (Eq. 1):

y = β + β x + β x + β x + β x + β x x (Eq. 1)
where β0 is the constant, β1 and β2 are the coefficients of linear effect, β11 and β22 are the coefficients of cubic effect, β12 is the coefficient of interaction effect, x1 and x2 are the coded independents. Models were statistically assessed using ANOVA test with a confidence level of 95%.

The multicriteria optimization of the extraction process was carried out using the predictive equations of design of experiments as described previously by [START_REF] Muniglia | Multicriteria optimization of a single-cell oil production[END_REF]. Genetico-evolutionary algorithms were employed to identify the optimum of experimental parameters in terms of pH and NaCl concentration at 20 and 55 °C. The aim of the objective function was to maximize the napin yield and the napin proportion in the extract, and to minimize the phytic acid content in the solid residue. The non-dominated solutions were calculated including the set of constraints: > 55% of napin yield at 20 °C and > 70% at 55 °C, > 95% of napin proportion in the extract and < 4% of phytic acid on the dry matter of the solid residue left after the napin extraction. The optimization runs and all data exploitation were carried out using MATLAB software from MathWorks (Natick, MA, USA).

Napin purification

Napins were extracted under the optimal extraction conditions at 20 and 55 °C and purified up to the isolate grade for the characterization of their structure and functionalities. The optimal conditions were established at pH 2.0 and 0.11 mol.L -1 of NaCl solution at 20 °C, and at pH 3.75 and 0.2 mol.L -1 of NaCl at 55

°C. The extraction of napins was carried out as described in section 2.2. In brief, 250 g of rapeseed meal was mixed with a NaCl solution and the pH was adjusted to a given value with 1 mol.L -1 of HCl solution respecting a solid:liquid ratio of 1:9 (w:w). The mixture was stirred during 60 min keeping the pH constant (±0.05). After the extraction, the mixture was centrifuged (15000 x g, 30 min, 20 °C) using Lynx 6000 centrifuge from Thermo Fisher Scientific (Waltham, Massachusetts, USA). The liquid phase from the extraction (the extract) was filtered through a cellulose paper of 0.2 µm pore-size membrane and microfiltered at a VRF of 10 using a ProScale system (Millipore, Burlington, Massachusetts, USA) coupled with a 0.1 m 2 Pellicon XL membrane with a 0.22 µm pore size membrane (Millipore, Burlington, Massachusetts, USA).

Napins in the clarified extracts were purified by tangential diafiltration (Äkta Flux 6, GE Healthcare, Chicago, Illinois, USA) using a 3 kDa hollow fiber cartridges of 4800 cm 2 (GE Healthcare, Chicago, Illinois, USA). The feed flow rate applied was 2 L.min -1 and the transmembrane pressure was 1.5 bars (at room temperature).

The first step of the procedure consisted of five diavolumes (DV) with a feed solution of 0.5 mol.L -1 of NaCl.

The pH was kept in the feed tank at value used during protein extraction with a help of 1 mol.L -1 of HCl solution. Then, four DV of ultrapure water were applied to remove salts. Final retentates were freeze-dried (LTD type GZL-0.5, Shanghai Pharmaceutical Machinery Co., Shanghai, China).

Chemical analysis

The total protein content in the meals and the extracts were quantified according to the official AOAC 979. 20 Kjeldahl method (1995). In calculation, a nitrogen-to-protein conversion factor of N x 6.25 was used.

The napin proportion in the extract in relation to the total protein content (i.e., napins and cruciferins) was assessed by size exclusion high performance liquid chromatography (SE-HPLC) as described by Albe-Slabi et al. (2020a and2020b). In brief, 5-10 µL of sample was injected into a Biosep-SEC-s2000 column (300 x 7.8 mm, 5 µm) from Phenomenex (Torrance, California, USA) connected with an HPLC system was from Shimadzu (Kyoto, Japan). Samples were filtered on 0.22 µm membranes from Pall (Port Washington, NY, USA) beforehand. The mobile phase was composed of 45% of acetonitrile, 54.9% of ultrapure water and 0.1% (v/v) of trifluoroacetic acid (TFA). Separation was achieved during 30 min at a flowrate of mobile phase of 0.6 mL.min -1 . The UV detection was recorded at 280 and 214 nm for proteins and 325 nm for phenolic compounds. Data were collected and treated using LabSolutions software, also from Shimadzu.

The napin extraction yield was then calculated assuming a mean value of the initial napin content in crude rapeseed meal of 35% [START_REF] Von Der Haar | Rapeseed proteins-Production methods and possible application ranges[END_REF][START_REF] Wanasundara | Proteins of Brassicaceae oilseeds and their potential as a plant protein source[END_REF].

The phytic acid content in the solid residue remaining after the protein extraction was determined based on the method developed by [START_REF] Garcia-Estepa | Phytic acid content in milled cereal products and breads[END_REF] and was expressed on dry matter of the solid sample.

2.6. Napin characterization 2.6.1. Purity and solubility

The purity of the napins produced was determined by the Kjeldahl method and expressed on dry matter basis. For measurement of the solubility, a 5 g.L -1 of napin solution was prepared and adjusted to 3.0, 5.0, 7.0 or 9.0 by addition of 0.1 mol.L -1 of HCl or NaOH solution. The added volumes were recorded. The mixture at constant pH (±0.05) was stirred at 300 rpm at ambient temperature during 30 min and then centrifuged (11 000 × g, 15 min, 20 °C). The supernatant was recovered and filtered through a 0.22 µm filter and the protein content was measured by the Kjeldahl method. The solubility at a given pH was calculated as the ratio of the protein mass in the supernatant on the protein mass in the initial solution.

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)

The napin isolates were characterized by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) as described by Laemmli method (1970). The volume of 10 µL of the protein samples reduced and the molecular weight markers (ranged from 250 to 15 kDa and from 26.6 to 1.4 kDa) were deposed to 5 and 17% of polyacrylamide stacking and resolving SDS-PAGE gels, respectively. All reagents and electrophoretic equipment were obtained from Bio-Rad (Hercules, USA).

Color analysis

The color of the napin isolates was determined in aqueous solution. The analysis in liquid was carried out on a Lovibond PFX195 (Tintometer, Amesbury, United Kingdom). Samples were prepared as 1% (w/w) solution of protein powder in 0.5 mol.L -1 of phosphate buffer, pH 7.0. The system measured the color of the sample considering the CIELAB uniform space scale. The term "L" related to the quantity of black/white, "a" to green/red and "b" to blue/yellow. All measurements were performed in triplicate and a mean value was calculated.

Amino acid composition

The amino acid profile was determined for the napin isolates according to ISO 13903:2005 and EU 152/2009 procedures. In brief, about 10 mg of sample was hydrolyzed. Depending on the amino acid analyzed, three different hydrolysis methods were performed: an acidic hydrolysis for isoleucine, leucine, lysine, phenylalanine, tyrosine, threonine, and valine; an alkaline hydrolysis for tryptophan; and an oxidative hydrolysis for cysteine and methionine. Then, the resulting hydrolysate was injected into a C18 column. The composition in these amino acids was determined by reaction with ninhydrin using photometric detection at 570 nm. For the quantification of tryptophan, a HPLC system coupled with fluorescence detector (excitation at 280 nm, emission at 231 nm) was used. The amino acid profile was expressed as mg of amino acid per g of napins.

2.6.5. Circular dichroism (CD)

The secondary structure of napins was analyzed using far-UV between 180 and 260 nm. The napin solutions at 1 g.L -1 were prepared in 0.5 mol.L -1 of phosphate buffer, pH 7.0. The spectral analyses were carried out at 20 °C using Chirascan plus system from Applied Photophysics (Leatherhead, United Kingdom). Samples were prepared in cells of 0.1 mm path length. The blank signal of buffer was subtracted. All measurements were performed in triplicate and a mean value was calculated. Pro-Data Chirascan software from Applied Photophysics (Leatherhead, United Kingdom) was used to process the data, while CDNN software (version 2.1.) was used for further deconvolution of far-UV spectra and determination of α-helix, β-sheet, and random coil content. The same system was used to assess tertiary structures using near-UV spectra between 250 and 320 nm. A quartz cell of 10 mm path length was used.

2.6.6. Dynamic Light Scattering (DLS)

DLS was used to determine the aggregation state of the napin isolates. Protein solution at 1 g.L -1 were prepared in 0.5 mol.L -1 of phosphate buffer, pH 7.0. Analyses were carried out with a Zetasizer Nano -S from Malvern Instruments (Malvern, United Kingdom). Samples were maintained at 25 °C during measurement. The number of acquisitions varied between 13 and 17 scans. Volumetric distribution of particle size was determined.

2.6.7. Emulsifying and foaming properties 2.6.7.1.

Emulsifying capacity and stability

Emulsifying properties were assessed using the method of [START_REF] Vioque | Partially hydrolyzed rapeseed protein isolates with improved functional properties[END_REF] with modifications. For this purpose, 5 mL of aliquot of 5% (w/v) napin solution in 0.5 mol.L -1 of sodium phosphate buffer, pH 7.0 were mixed with 2.5 mL of rapeseed oil at 10 000 rpm at room temperature during 30 s using an Ultra-Turrax® homogenizer. After this time, 2.5 mL of oil was added and mixed again during 90 s. After this time, the mixture was centrifuged at 1 100 × g during 5 min at 20 °C. The emulsified layer was recorded. The percentage of the volume of the emulsified layer remaining after centrifugation in relation to the volume of the mixture before centrifugation represented the emulsifying capacity. For evaluation of the emulsion stability against temperature, the mixture obtained after centrifugation was placed during 15 min in a water bath heated at 85 °C. After this time, the mixture was centrifuged again. The stability of the protein emulsion was calculated as a ratio of the emulsified layer before and after heating. The results were expressed in percentage.

Foaming capacity and stability

Foaming properties of the isolated napins were evaluated according to the method of [START_REF] Vioque | Partially hydrolyzed rapeseed protein isolates with improved functional properties[END_REF] with modifications. In brief, the protein powder was dissolved in 0.5 mol.L -1 of sodium phosphate buffer, pH 7.0 at a final concentration of 1% (w/v). The volume of 20 mL of aliquot was mixed at 10 000 rpm at room temperature for 5 min using an Ultra-Turrax® T25 digital homogenizer from IKA (Staufen im Breisgau, Germany). The foaming capacity was calculated as a ratio between the obtained foam volume and the volume of initial protein solution before mixing. The results were expressed in percentage. The foaming stability was determined by measuring the percentage of the foam volume left after 5, 15, 30, 60 and 120 min.

Statistical analysis

All measurements were carried out at least in triplicate (n=3) and data were presented as a mean value with standard deviation (±). Significant differences were statistically analyzed by one-way analysis of variance using F-test with a confidence level of 95% (p-value < 0.05). Table 1 displays the significant regression model coefficients from the polynomial regression at 95% of confidence level and the statistic model parameters. As a result, non-linear regression R² of all models ranged from 0.821 to 0.965, which indicated that most of the observed variations can be explained by models. The obtained models were also characterized by a reasonable reproducibility (0.723-0.982) and the difference between R² and Q 2 was lower than 0.3. Moreover, the ANOVA test revealed low p-values (0.001-0.004) and insignificant lacks of fit (0.173-0.793). As a conclusion, all developed models can be reliably used to interpret the obtained data.

Results and discussion

Napin extraction yield

Fig. 1A andA' show the napin yields after solid/liquid extraction at pH ranging from 2.0 to 4.0 and NaCl concentration ranging from 0 to 0.2 mol.L -1 . The results were obtained from design of experiments carried out at 20 and 55 °C, respectively. As presented in the response surface in Fig. 1A, at pH between 2.0 and 2.5 the napin yield was high (around 55%) and rather constant whatever the NaCl concentration. Above pH 3.0 and at low NaCl concentration (<0.1 mol.L -1 ), the increase of pH resulted in the decrease of the napin extraction yield (55 vs 42% at pH 2.0 and 4.0, respectively, without salt addition). This negative effect was overcome at a higher NaCl concentration. Indeed, at pH 4.0, the napin yield rose from 42 to 61% at 0 and 0.2 mol.L -1 of NaCl, respectively. A very similar effect of the extraction conditions on the napin yield was also observed at 55 °C (Fig. 1A'). However, the response varied in the range from 60 to 76%. The results were thus significantly higher than those at 20 °C.

These observations are consistent with the previous results [START_REF] Wanasundara | Solubility differences of major storage proteins of Brassicaceae oilseeds[END_REF]Wanasundara & McIntosh, 2013;[START_REF] Chen | Recovery of canola meal proteins by precipitation[END_REF] showing the minimal solubility of total nitrogen from various rapeseed species at pH 4-5. Furthermore, Wanasundara & McIntosh (2013) noted the improved extractability of napins from Brassicaceae oilseed at pH 3 with the increase of NaCl concentration up to 0.13 mol.L -1 . The authors explained it by the disruption of the association between napins and other compounds.

The negative effect of both pH and NaCl on the napin yield indicates that electrostatic interactions are involved in the protein solubilization process. This kind of process is classically done in three steps. The first one is the diffusion of the aqueous solvent in the solid meal. The second one is the protein transport from the solid phase toward the imprinting aqueous phase inside the solid. The third one is a protein diffusion from the impregnating liquid to the liquid bulk. The overall process may be limiting by (i) a strong affinity of the proteins toward the solid phase after the liquid impregnation, (ii) a poor affinity in the liquid phase or, (iii) a diffusion limitation in the liquid bulk. Napins are positively charged over the investigated pH range since their isoelectric point was reported to be around 11 [START_REF] Akbari | An integrated method of isolating napin and cruciferin from defatted canola meal[END_REF][START_REF] Perera | Structural properties of cruciferin and napin of Brassica napus (canola) show distinct responses to changes in pH and temperature[END_REF].

Furthermore, the solid is composed of insoluble hemicellulose polymers that contain glucuronic or galacturonic acids [START_REF] Pustjens | Characterisation of cell wall polysaccharides from rapeseed (Brassica napus) meal[END_REF][START_REF] Bhattacharyya | Appendix 2: Dissociation constants (pKa) of common sugar and alcohols[END_REF]. The pKa of the carboxylic acid function of these carbohydrates is around 3.0-3.5. Once impregnated with an aqueous phase at pH higher than 3.0, these insoluble polymers expose negative charges. Hence, the limitation of the napin extraction observed at pH 4.0 might be due to electrostatic interactions between the negatively charged solid particles and positively charged napins. This would explain the positive effect of the NaCl at high pH and the absence of effect at pH lower than 3.0, where the carboxylic functions are not or poorly charged.

Regarding the effect of temperature, few data are currently available. Wanasundara & McIntosh (2013) reported the enhanced extractability of proteins from rapeseed meal at pH 4.5 with the increase of temperature from 20 to 50 °C. Likewise, [START_REF] Radwan | Solubility of Rapeseed Protein in Aqueous Solutions[END_REF] showed that, in general, higher temperature facilitate the solubilization of the proteins from rapeseed meal and obtaining greater yields in a wide range of extraction pH (1-13). This effect was attributed to the partial protein hydrolysis or the release of proteins upon destabilization of the seed matrix. However, napins have a high structural stability against thermal treatments (denaturation temperatures above 100 °C as reported by [START_REF] Nioi | Selective extraction, structural characterisation and antifungal activity assessment of napins from an industrial rapeseed meal[END_REF] and [START_REF] Perera | Structural properties of cruciferin and napin of Brassica napus (canola) show distinct responses to changes in pH and temperature[END_REF]. As in that study, no denaturation was observed when comparing the electrophoretic profiles of napins extracted at 20 and 55 °C (data not shown). Therefore, the improvement of napin extractability from rapeseed meal at 55 °C is probably due to the reduction of the electrostatic interactions between proteins and carbohydrates upon higher extraction temperatures.

Napin proportion in the extract

Fig. 1B shows the response surface for the proportion of napins, related to the total rapeseed proteins (i.e., cruciferins and napins), in the extracts at 20 °C. As it can be seen, the napin proportion in the extract depended primarily on the extraction pH. This effect was negative. Indeed, the maximum proportion of napins were found around pH 2.0 without salt addition (97.9%), whereas lower values were observed at higher pH (89.0% at pH 4.0). The NaCl concentration had no significant impact on the studied response, as also shown in Table 1. Regarding the response surface of the proportion of napins extracted at 55 °C (Fig. 1B'), the values ranged from 93.0 to 96.5%. Similar to the extraction at 20 °C, this response was mainly pHdependent. No effect of the addition of NaCl was noticed. However, in opposite to the results at 20 °C, the pH had a slight positive impact on the napin proportion. The lowest value (93.0%) was found at pH 2.0, whereas the highest value (96.5%) was between pH 3.0 and 3.7.

Interestingly, the pronounced bands of napins on SDS-PAGE gels have also been previously noted for the rapeseed extract at pH 2-4 [START_REF] Nioi | Selective extraction, structural characterisation and antifungal activity assessment of napins from an industrial rapeseed meal[END_REF][START_REF] Akbari | An integrated method of isolating napin and cruciferin from defatted canola meal[END_REF][START_REF] Perera | Structural properties of cruciferin and napin of Brassica napus (canola) show distinct responses to changes in pH and temperature[END_REF]. The selective extraction of napins under acidic conditions was probably related to the difference in structural stability between napins and cruciferins. Those last are known to precipitate irreversibly at strong acidic medium (pH 2-3) due to the destruction of their native structure. In contrast, napins exhibit an exceptionally stable structure in a large range of pH [START_REF] Perera | Structural properties of cruciferin and napin of Brassica napus (canola) show distinct responses to changes in pH and temperature[END_REF]. Thus, contrarily to cruciferins, they remain soluble in the liquid phase from acidic extraction. A slight reduction in the proportion of napins in the extract at higher pH (98% vs 89 % at pH 2.0 and 4.0, respectively) may indicate a gentle increase of the cruciferins extractability from the meal. Another reason could be also attributed to the distinct extraction behaviors of various napin isomers. Indeed, as it was mentioned in the work of [START_REF] Perera | Structural properties of cruciferin and napin of Brassica napus (canola) show distinct responses to changes in pH and temperature[END_REF] lower pH values would favor the extraction of most napin isoforms from Brassicaceae seed meals. The slight discrepancies, comparing the extraction at 20 and 55 °C, could be explained by a slightly better extractability of cruciferins at elevated temperatures. These results therefore support the hypothesis of Wanasundara & McIntosh (2013) who highlighted that higher extraction temperatures may resulted in the increase of globulin recovery from the rapeseed meal. Also, [START_REF] Radwan | Solubility of Rapeseed Protein in Aqueous Solutions[END_REF] have reported that the total proteins from rapeseed meal were more soluble at 55 °C than at 25 °C. The same study showed a shift of the minimum of solubility from pH 4-5 at 25 °C (which corresponds to the pI of cruciferins) to pH 7 at 55 °C.

Phytic acid content in the solid residue

The objective of the extraction step was to selectively extract the napins at the highest yield while keeping a high cruciferins level in the solid residue generated after the protein extraction. The overall protein content in the residual solid under the studied extraction conditions ranged from 28 to 34% of the dry matter content (data not shown). This corresponded to the usual range of protein content in meal. Therefore, this criterion was considered very satisfying whatever the extracting conditions.

Apart from proteins, the phytic acid content is another important indicator that defines the quality of the residual meal. This molecule has been recognized over the years as an antinutritional compound that negatively affects the meal nutritional property [START_REF] Cheryan | Phytic acid interactions in food systems[END_REF] Therefore, the impact of the extraction conditions on the phytic acid content was also studied.

As presented in Fig. 1C, the phytic acid content increased gradually from pH 2.0 to 2.4 and reach a maximum between pH 2.4 and 3.3 (> 4.6% on dry matter basis). Then, it decreased toward higher pH values. NaCl concentration had a weak negative impact on the phytic acid content in the solid, especially in the pH area around pH 3. The lowest value was found at pH 4 and 0.1 mol.L -1 of NaCl (2.8% on dry matter basis). At 55 °C (Fig. 1C'), the phytic acid content in the residual meal also depended on both pH and NaCl concentration. In general, these effects were similar. From pH 2.5 and 0 mol.L -1 of NaCl to 4.0 and 0.2 mol.L - extraction behaviors were noted at low pH value. Indeed, the highest level of phytate in solid was found at pH 2.0 and 0.2 mol.L -1 of NaCl. These results were hardly dependent on pH neither NaCl addition. The current observations coincide well with the findings of [START_REF] Zhou | Proteins from double-zero rapeseed[END_REF], who highlighted a significant correlation between the pH and the concentration of phytic acid in napin-containing extract. According to them, the lower solubility of phytic acid from rapeseed meal was also around pH 3 and increased at pH 4.

Similar conclusion has been drawn by [START_REF] Akbari | An integrated method of isolating napin and cruciferin from defatted canola meal[END_REF] and [START_REF] Blaicher | Rapeseed protein isolates: Effect of processing on yield and composition of protein[END_REF], showing that the acidic washing at pH 4-4.5 at room temperature can remove from 47 to 70% of phytic acid from the meal. The first pKa of phytic acid was found at pH 1.5-2 [START_REF] Cheryan | Phytic acid interactions in food systems[END_REF]. Therefore, from pH 3.5-4 the six phosphoric groups of phytic acid start to be negatively charged which facilitates their solubilization in the aqueous phase. This probably also explains a slight increase in the solubility of phytic acid from the meal upon salt addition and consequently in the observed reduction of phytic acid content in the solid residue remaining after solid/liquid extraction.

Multicriteria optimization of extraction process at 20 and 55 °C

The objective of this part was to find the optimal set of extraction conditions, in terms of pH and NaCl concentration at 20 and 55 °C, to maximize on the one hand the napin yield and selectivity, and on the other hand, to maximize the removal of phytic acid from the residual solid.

To do so, the previously developed methodology of multicriteria optimization based on geneticoevolutionary algorithms was used [START_REF] Muniglia | Multicriteria optimization of a single-cell oil production[END_REF]. To narrow the selection of the solutions, some constraints were included into the algorithm. For this purpose, a napin proportion in the extract of at least 95% was searched whatever the temperature applied. Because extraction yields were very different for the two temperatures, the limits of the napin yield were set at, at least, 55% and 70% at 20 °C and 55 °C, respectively. Finally, the phytic acid content in the solid residue was chosen lower than 4% on the dry matter content, which corresponds to the elimination of almost 50% of the initial value in the rapeseed meal. Regarding previous works, the systematic approach for the optimization of the rapeseed protein extraction involved holding the extraction conditions constant (pH, salt concentration, temperature, etc.) and varying the levels of another one [START_REF] Fetzer | Influence of process conditions during aqueous protein extraction upon yield from pre-pressed and cold-pressed rapeseed press cake[END_REF][START_REF] Nioi | Selective extraction, structural characterisation and antifungal activity assessment of napins from an industrial rapeseed meal[END_REF]. However, this "one-by-one" strategy is often ineffective because it presents a high risk of missing significant interactions between the different extraction conditions. In the present study, we modelled the effect of independent extraction conditions (pH and NaCl concentration) by modifying their levels simultaneously for two different temperatures. This strategy coupled with the multicriteria optimization allowed for the achievement of fully satisfactory results

given the high complexity of the process, due to all the possible interactions of the individual extraction conditions and between them.

Characterization of napin isolates

Purity and color

The napin extractions under both highlighted sets of optimal conditions (pH 2.0/0.11 mol.L -1 of NaCl at 20 °C and pH 3.75/0.2 mol.L -1 of NaCl at 55 °C) were performed and purification was implemented by ultrafiltration process. It yielded powders with an isolate grade (91.6 and 92.9% of purity on dry matter basis for 20 and 55 °C, respectively). In terms of protein composition, both isolates were rich in napins (> 96.5% of total proteins). The high proportion of napins in the isolates was also confirmed by SDS-PAGE gel (Fig. 3A) showing three low-molecular bands between 5 and 15 kDa. Two major bands of ~5 and 10 kDa were assigned to a small and large polypeptide of napin, respectively. The band of ~15 kDa corresponded to the residue of napin not completely dissociated in the presence of β-mercaptoethanol. The obtained electrophoretic profile was similar to the previously described pattern of napins [START_REF] Akbari | An integrated method of isolating napin and cruciferin from defatted canola meal[END_REF][START_REF] Perera | Structural properties of cruciferin and napin of Brassica napus (canola) show distinct responses to changes in pH and temperature[END_REF][START_REF] Cheung | Effect of pH and NaCl on the Emulsifying Properties of a Napin Protein Isolate[END_REF].

Concerning the color of the isolates obtained, both napin products were light creamy powders (Fig. A1A and A'). In solution, the resulting index of lightness (L*) and the two coordinates of color (a* and b*) were 92, -4.2 and 24.3, and 96.3, -3.3 and 23.1, respectively for napins extracted at 20 and 55 °C. Most concentrates of total rapeseed proteins have been characterized by much darker color (L* around 50), as described by [START_REF] Fetzer | Rapeseed protein concentrates for non-food applications prepared from pre-pressed and cold-pressed press cake via acidic precipitation and ultrafiltration[END_REF]. The dark colors previously observed of rapeseed protein isolates are thought to be due to the presence of phenolic compounds, known to interact covalently with proteins forming a colored complex even at very low concentrations [START_REF] Sosulski | Organoleptic and nutritional effects of phenolic compounds on oilseed protein products: A review[END_REF]. Among both proteins, stronger phenolic complexations with napins than cruciferins has previously been noted (Albe-Slabi et al., 2020a). To verify this with the isolates obtained, the phenolic complexation was investigated by the SE-HPLC method at 280 and 325 nm. As it is shown on the chromatograms (Fig. 3B andB'), the signal of polyphenols at 325 nm represented about 13% of the signal at 280 nm. This ratio was thus low and similar for both products. It suggested that the selected sets of conditions, in particular the extraction temperature, did not influence the covalent interaction between napins and phenolic compounds during the protein extraction. Hence, the phenolic complexation occurs probably much earlier, in the stage of seed formation and/or the processing of the meals (grinding, pressing, etc.).

Altogether, the color is essential to define the field of applications of proteins in food industry. The results obtained were thus very encouraging toward a possible use of napin isolates in human nutrition.

Amino acid composition

The aminograms of the napin isolates produced are displayed in Table 2. In general, the amino acid compositions of both napin isolates (extracted at 20 and 55 °C) were almost identical. It suggests that the temperature of protein extraction had no significant impact on the overall amino acid profile. Considering the reference protein pattern, established by FAO/WHO/UNU (2007), both napin isolates met the essential amino acid nutritional requirements for adults, expect for isoleucine (about 28 mg.g -1 of protein). However, a particularly high content of the sulfur amino acid i.e., cysteine (580-650% of the FAO/WHO/UNU requirements) as well as histidine, lysine, and tryptophan (about 200% of the reference) was observed. This was in line with previous results [START_REF] Wanasundara | Canola/rapeseed protein-functionality and nutrition[END_REF]Wanasundara & McIntosh, 2013).

These authors have also pointed out on the high level of cysteine in napin-rich isolates. [START_REF] Baszczynski | Isolation and nucleotide sequence of a genomic clone encoding a new Brassica napus napin gene[END_REF] and [START_REF] Monsalve | A new distinct group of 2 S albumins from rapeseed: Amino acid sequence of two low molecular weight napins[END_REF] have previously drawn similar conclusions. The high content of sulfurcontaining amino acids is particularly interesting because they are considered to be limiting for many other plant proteins [START_REF] Hudson | New and developing sources of food proteins[END_REF][START_REF] Young | Plant proteins in relation to human protein and amino acid nutrition[END_REF][START_REF] Gueguen | Plant proteins: context and potentialities for human food[END_REF]. Noteworthy napins contain also, unlike cruciferins, the adequate amount of lysine. The presented results confirmed thus that napins are a well-balanced source of amino acids that can be used in human nutrition. In addition, similar aminograms also suggested that both isolates were composed of the same napin isoforms, regardless of the applied isolation procedures.

Structural properties

The secondary and tertiary structures of napins extracted at 20 and 55 °C were studied at pH 7 by circular dichroism. In general, the far-UV spectra of both isolates (Fig. 3C) had a typical shape of an α-helical protein with negative bands around 220 and 210 nm and a positive band around 190 nm. However, the far-UV spectra of napins extracted at 55 °C was altered showing a significant lower ellipticity between 190 and 200 nm corresponded to α-helix structure and slightly greater signal between 210 and 230 nm that belongs to β-sheets. As majority of authors [START_REF] Nioi | Selective extraction, structural characterisation and antifungal activity assessment of napins from an industrial rapeseed meal[END_REF][START_REF] Hudson | New and developing sources of food proteins[END_REF][START_REF] Schwenke | Structural studies on native and chemically modified storage proteins from rapeseed (Brassica napus L.) and related plant proteins[END_REF][START_REF] Schmidt | Detailed physicochemical characterization of the 2S storage protein from rape (Brassica napus L.)[END_REF] previously indicated, the native structure of napins is characterized by the predominant content of α-helix (37-59%) with a significant lower amount of β-sheet conformation (7-20%). In this work, the conversion of signal into a proportion of each type of secondary structures revealed that the napins extracted at 20 °C were composed of 49.7% of α-helix, 7.8% of β-sheets, 14.3% of β-turn and 21.3% of random coil. The napins extracted at 55 °C consisted of 44.2% of α-helix, 9.9% of β-sheets, 15.3% of β-turn and 22.9% of random coil. These results demonstrated that the production process at 20 °C applied yielded a well-structured napin isolate, whereas the extraction at 55 °C caused a partial denaturation of the napin native structure.

Concerning the near-UV spectrum (Fig. 3C'), pronounced signals of tryptophan at 290 nm, tyrosine from 275 and 282 nm and phenylalanine from 255 to 270 nm were observed for both isolates. The spectrum was almost identical to this previously presented for napins at pH 7 by [START_REF] Perera | Structural properties of cruciferin and napin of Brassica napus (canola) show distinct responses to changes in pH and temperature[END_REF]. However, as it was noted before, slight differences were observed for the two napin isolates. Indeed, the near-UV spectrum of napins extracted at 55 °C was characterized by more pronounced signal, in particularly in the region of phenylalanine and tyrosine. This confirmed the above hypothesis about possible modifications in conformation of napin structure caused by the conditions of the production process. Evidently, in higher extraction temperature, the napins have probably partially unfolded exhibiting aromatic amino acid residues.

Dynamic light scattering (DLS) was used to measure the size distribution of the isolates produced. As displayed at Fig. 3D and D', the size distribution according to the volume for both napin isolates showed one single peak. The average hydrodynamic diameter of the detected particles was 5.60 ± 0.20 d.nm and 6.34 ± 0.39 d.nm for napins produced at 20 and 55 °C, respectively. Comparable results were previously reported by [START_REF] Barciszewski | Minireview: analysis of rape seed napin structure and potential roles of the storage protein[END_REF] determining the hydrodynamic diameter of rapeseed albumins at 5.12 nm. Thus, the napins produced in this study were apparently in the form of monomers. However, the larger diameter of the napins extracted at 55 °C comparing to those at 20 °C suggested the partial unfolding of the native structure upon thermal treatment. This is in line with the previous observations of structural modifications studied by circular dichroism.

3.3.4. Functional properties 3.3.4.1. Solubility Fig. 4A presents the solubility of both napin isolates as a function of the pH value (3-9). As a result, both napin isolates were largely soluble in the whole pH range. Their solubility at pH 3, 7 and 9 was high (89-99%) and did not significantly differ between isolates (p-value > 0.05). At pH 5, the solubility of the napins extracted at 20 °C decreased slightly (82.87±2.66%). Similar observation was made in the case of the napin isolate extracted at 55 °C for which the minimum solubility was also noted at pH 5 (62.98±2.78%). [START_REF] Cheung | Effect of pH and NaCl on the Emulsifying Properties of a Napin Protein Isolate[END_REF] have previously reported that napins have generally an elevated solubility in water (> 90%)

from pH 2 to 10.

Therefore, a possible explanation of the lower solubility at pH 5 might be attributed to the complexation between napins and phytic acid. Indeed, phytic acid exhibits a strong ability to interact with proteins reducing their solubility in water [START_REF] Cheryan | Phytic acid interactions in food systems[END_REF][START_REF] Bye | Dual Effects of Sodium Phytate on the Structural Stability and Solubility of Proteins[END_REF]. In the detailed study of [START_REF] Kroll | Selected functional properties of detoxified rapeseed protein preparations effected by phytic acid[END_REF], rapeseed proteins have also demonstrated a minimum solubility at pH 5 when mixed with 5% of phytic acid (w/w). At this pH, the opposite charge of napins (positive) and phytic acid (negative) facilitates the interaction between both molecules and the formation of insoluble complex. Moreover, the protein/phytic acid interaction is promoted when the protein structure is unfolded, such as in the case of napins extracted at 55 °C. This is due to the exposure of new binding sites that are normally buried with hydrophobic residues inside the core of the protein [START_REF] Wang | Phytic acid and its interactions: Contributions to protein functionality, food processing, and safety[END_REF]. Besides, during denaturation the protein charge becomes more positive increasing the attractions of negatively charged phytic acid. This explains the significant difference in the solubility of both proteins in water.

Nevertheless, such solubility of protein isolate remains still exceptionally high comparing to other plant proteins currently used in food industry. Indeed, most proteins have an isoelectric point between pH 5 and 7 and a very low solubility in this area (Gonzalez-Perez, [START_REF] Gonzalez-Perez | Sunflower proteins: Overview of their physicochemical, structural and functional properties[END_REF][START_REF] Tang | Physicochemical and functional properties of hemp (Cannabis sativa L.) protein isolate[END_REF]. This considerably reduces the field of applications of such isolates and confirms the great interest of the napins obtained in this study for food applications.

Emulsifying and foaming

The emulsifying properties of the napin isolates extracted at 20 and 55 °C are presented in Fig. 4B andB'. As shown in Fig. 4B, the napin isolates were characterized by similar emulsifying capacity, whatever the extraction conditions (32.7±2.5 and 30.1±1.3% for 20 and 50 °C, respectively). These values were not statistically different (p-value > 0.05). The emulsifying stability against heating (Fig. 4B') was also high and comparable between isolates (100%). Similarly, [START_REF] Chabanon | Hydrolysis of rapeseed protein isolates: Kinetics, characterization and functional properties of hydrolysates[END_REF] have reported about 35% of emulsifying activity for a napin isolate. However, the stability of the emulsion formed by these published proteins was significantly lower (48%) than in our study. In comparison with the reference proteins, the emulsifying properties obtained were close to those of commercial soy proteins (about 40% of capacity and 100% of stability) measured by the same procedures (Albe-Slabi et al., 2020a).

Regarding the foaming capacity (Fig. 4C), the results shown that both napin isolates produced an almost identical foam volume (263.7±18.5 and 320.0±32.1% of foaming capacity for napins extracted at 20 and 50 °C, respectively). Similar to the emulsifying properties, these values did not statistically differ (p-value > 0.05). The stability of the foam produced with both napin isolates was good (Fig. 4C'), with about 70% of the initial foam volume remaining after 120 min. The present results were comparable to the observations of other authors. Indeed, [START_REF] Nitecka | Chemical modification of proteins. Part 12. Effect of succinylation on some physico-chemical and functional properties of the albumin fraction from rapeseed (Brassica napus L.)[END_REF] studying functional properties of napins at pH 7, have found above 400% of foaming capacity and 90% of foam stability after 10 min from whipping. [START_REF] Akbari | An integrated method of isolating napin and cruciferin from defatted canola meal[END_REF] have also showed a good foaming capacity (134%) and foam stability of a napin isolate after 120 min (79%).

A slight lower foaming stability of albumin-based isolate (41% after 120 min) was presented by [START_REF] Chabanon | Hydrolysis of rapeseed protein isolates: Kinetics, characterization and functional properties of hydrolysates[END_REF]. Interestingly, according to the previous measurements of Albe-Slabi et al. (2020b), napins had a similar foaming capacity and a greater emulsion stability compared to soy proteins used as a commercial reference.

Overall, napin is a high helical protein with globular and rigid structure. However, as presented in the previous part of the study, heating during extraction resulted in partial unfolding of napins associated with a decrease of alfa-helix content and exposure of hydrophobic amino acids on the external surface. In general, such changes in protein structure make it more flexible, which can facilitate the adsorption of protein at the interface and thus improve its emulsifying and foaming properties. Apparently, the structural modifications of napins observed in the present study were not strong enough to considerably affect their interfacial behavior. Besides, the functional properties were measured at pH 7, where the solubility was high and almost identical for both proteins. This may explain the lack of significant differences in the emulsifying and foaming properties between them.

Conclusion

This study established optimum conditions for selective extraction of napin from cold-pressed rapeseed meal by optimizing multiple factors. Our results showed that the pH value, the NaCl concentration and the temperature considerably influenced the extraction yields of napins, their proportions in extract and the phytic acid contents in the solid residue generated after the extraction process. Two optimal extraction conditions were proposed: pH 2.0/0.11 mol.L -1 of NaCl at 20 °C and pH 3.75/0.20 mol.L -1 of NaCl at 55 °C allowing for a selective extraction of napins (> 97% in relation to total proteins), a satisfactory extraction yield (>55% at 20 °C and >75% at 55 °C) and a significant reduction of phytate from the solid residue (50-45% of the initial value). Furthermore, both napin isolates obtained under the optimal conditions and purified by ultrafiltration showed a similar amino acid composition, color and solubility (except of pH 5).

Although some structural variations were observed in the two napin isolates, no significant impact on the functional properties was evident from their comparable for emulsifying and foaming properties. Extraction process at 55 °C allowed significantly higher yield of napin (1.4 fold), maintaining selectivity for napin while preserving the native functional properties of the protein. 
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 1 Impact of pH and NaCl concentration on napin extraction at 20 and 55 °C 3.1.1. Statistical analysis of models The effect of the extraction pH (2-4) and NaCl concentration (0-0.2 mol.L -1 ) on napin extraction yield and napin proportion in the extract at 20 and 55 °C was studied by design of experiments (DoE). The influence of the extraction conditions on the phytic acid content of the post-extraction solid residue was also considered.
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 2 Fig.2depicts the extraction conditions areas fitting these constrains (blue at 20 °C and orange at 55 °C).
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 1 Fig. 1. Response surfaces of the napin extraction yield at 20 °C (A) and 55 °C (A'); the proportion of napins in relation to the total proteins in extract at 20 °C (B) and 55 °C (B') and the phytic acid content in the solid residue after napin extraction at 20 °C (C) and 55 °C (C').
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 2 Fig. 2. Sets of the optimal conditions (pH/NaCl concentration) for selective napin extraction. The blue zone corresponds to extraction at 20 °C (constraints: napin extraction yield > 55%, napin proportion in extract > 95% and phytic acid content in the solid residue < 4% on dry matter basis). The orange zone corresponds to extraction at 55 °C (constraints: napin extraction yield > 70%, napin proportion in extract > 95% and phytic acid content in the solid residue < 4% on dry matter basis).
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 3 Fig. 3. SDS-PAGE gel under reducing conditions of the molecular weight markers (MW), the napin isolate extracted at 20 °C (lane 1) and the one at 55 °C (lane 2) (A).SE-HPLC chromatograms of the napin isolates extracted at 20 °C (B) and 55 °C (B') recorded at 280 and 325 nm. Far-UV (C) and near-UV CD (C') spectra of both napin isolates at pH 7. The volume size distribution of napin isolates extracted at 20 °C (D) and 55 °C (D') analyzed by DLS at pH 7.
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 4 Fig. 4. Functional properties of the napins extracted in the optimal conditions at 20 °C (blue) and 55 °C (orange): solubility as a function of pH 3-9 (A), emulsifying capacity (B) and stability (B'), foaming capacity (C) and stability after 120 min (C'). Within each set of measurements, means with different superscripts are significantly different (p-value ≤ 0.05).
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 1 Uncoded regression coefficients of significant predicted polynomial models (process conditions: pH (x1) and NaCl concentration (x2)) and statistical analysis results of the models for the prediction of napin extraction yield (%), napin proportion in the extract (%), and phytic acid content in the solid residue (%) at 20 and 55 °C. assuming a mean value of total napin content in crude reapseed meal of 35% as decribed by von der Haar et al.
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of NaCl, the content of phytic acid decreased from 4.5 to

2.8% on dry matter basis. Nevertheless, different