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Introduction

Corn kernel is made up of the endosperm -essentially fermentable starch -the germ (nonfermentable) and the bran, accounting for 80, 13 and 7% of the total weight, respectively [START_REF] Anderson | Corn dry milling: processes, products, and applications[END_REF]. Pure starch is industrially isolated from corn kernels by a process called dry-or wet-milling that lets the corn germ (CG) as the main residue. The germ composition in lipids (18% -41%), protein (12% -21%) and starch (6% -21%) is influenced by the weather crop conditions, genetic factors and the germ separation method [START_REF] Johnston | Composition and economic comparison of germ fractions from modified corn processing technologies[END_REF][START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF], since pretreatments as soaking and drying involve humidity changes of the grain and heating process. Due to its high content in unsaturated fatty acids and in tocopherols, CG oil has many health benefits as reducing the risk of chronic diseases [START_REF] Shende | Effect of process parameters on the oil recovery of maize germ oil[END_REF] and is allotted important properties for cosmetic applications [START_REF] Andersen | Final report of the safety assessment of cosmetic ingredients derived from Zea Mays (Corn)[END_REF]. The corn oil also exhibits a long shelf life and is resistant to transformations under harsh conditions [START_REF] Barrera-Arellano | Corn oil: Composition, processing, and utilization[END_REF].

Regarding proteins, the crude CG accounts for about 29% of the total kernel protein.

Albumins and globulins, the water-soluble and saline-soluble proteins, represent over 60% of the total germ protein. Their amino acid balance is better than the one of proteins of the corn endosperm [START_REF] Hojilla-Evangelista | Improved solubility and emulsification of wet-milled corn germ protein recovered by ultrafiltration-diafiltration. JAOCS[END_REF][START_REF] Hojilla-Evangelista | Extraction and functional properties of non-zein proteins in corn germ from wet-milling. JAOCS[END_REF] and is comparable to egg and milk proteins [START_REF] Wang | Water retention and solubility of soy proteins and corn germ proteins in a model system[END_REF]. In addition, CG proteins were found to exhibit high foaming and emulsifying capacities that are interesting properties for food and non-food applications [START_REF] Hojilla-Evangelista | Improved solubility and emulsification of wet-milled corn germ protein recovered by ultrafiltration-diafiltration. JAOCS[END_REF][START_REF] Hojilla-Evangelista | Extraction and functional properties of non-zein proteins in corn germ from wet-milling. JAOCS[END_REF][START_REF] Nielsen | Corn germ protein isolate -Preliminary studies on preparation and properties[END_REF]Zayas and Lin, 1989a;[START_REF] Brown | Corn germ protein flour as an extender in broiled beef patties[END_REF].

Resource scarcity awareness has led to the recent development of the biorefinery concept which aims at converting biomass stocks into multiple products through a cascade of physical, chemical and biochemical processes [START_REF] Forster-Carneiro | Biorefinery study of availability of agriculture residues and wastes for integrated biorefineries in Brazil[END_REF][START_REF] Herrero | Green extraction processes, biorefineries and sustainability: Recovery of high added-value products from natural sources[END_REF][START_REF] Martinez-Hernandez | Conceptual design of integrated production of arabinoxylan products using bioethanol pinch analysis[END_REF]. The biorefinery of residues from agro-industries is of increasing interest since it offers valorization as added-value products while avoiding the disposal of huge amounts of raw materials. Biorefinery usually comprises several integrated processes, though it might be unnecessary to multiply the number of steps or to perform individual treatments to their maximal efficiency to generate interesting end-products. For instance, a defatted meal could be used "as it" as functional ingredient or be further processed to obtain protein concentrates or isolates [START_REF] Zhang | Improving yield and composition of protein concentrates from green tea residue in an agri-food supply chain: Effect of pretreatment[END_REF]. In an elaborated scheme of biorefinery, it is crucial to consider the scheme as a whole by identifying the interactions between the unit operations, since the optimal conditions of each individual operation might not be applicable in a sequential process [START_REF] Gil-Ramirez | Integrated process for sequential extraction of saponins, xylan and cellulose T from quinoa stalks (Chenopodium quinoa Willd.)[END_REF]. [START_REF] Gil-Ramirez | Integrated process for sequential extraction of saponins, xylan and cellulose T from quinoa stalks (Chenopodium quinoa Willd.)[END_REF] have indeed shown that the optimal conditions applied for the recovery of saponins were deleterious for the subsequent recovery of xylan. Alike, in the scheme for the recovery of oil and protein fractions from CG, oil extraction conditions might influence not only the recovered oil quality but also the defatted meal quality and the functional properties of proteins extracted straight after. Some studies have explored the influence of defatting method on the oil, on defatted meals characteristics or protein properties [START_REF] Christianson | Supercritical fluid extraction of dry-milled corn germ with carbon dioxide[END_REF][START_REF] Rónyai | Supercritical fluid extraction of corn germ with carbon dioxide-ethyl alcohol mixture[END_REF][START_REF] Labuckas | Effect of different oil extraction methods on proximate composition and protein characteristics of walnut (Juglans regia L.) flour[END_REF]Lasztity et al., 1995;[START_REF] Lin | Protein solubility, emulsifying stability and capacity of two defatted corn germ proteins[END_REF][START_REF] Teh | Effect of the defatting process, acid and alkali extraction on the physicochemical and functional properties of hemp, flax and canola seed cake protein isolates[END_REF][START_REF] Tabtabaei | Aqueous and enzymatic extraction processes for the production of food-grade proteins and industrial oil from dehulled yellow mustard flour[END_REF] particularly when alcoholic solvents were used for oil extraction [START_REF] Capellini | Alcoholic extraction of sesame seed cake oil: Influence of the process conditions on the physicochemical characteristics of the oil and defatted meal proteins[END_REF][START_REF] Capellini | Rice bran oil extraction using alcoholic solvents: Physicochemical characterization of oil and protein fraction functionality[END_REF][START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF][START_REF] Sawada | Effects of different alcoholic extraction conditions on soybean oil yield, fatty acid composition and protein solubility of defatted meal[END_REF].

Hexane has been traditionally implemented in industry for vegetable oil extraction. It is a highly efficient technique. However, its main drawback is the toxicity of the solvent. On the other hand, ethanol is a short chain alcohol which has gained interest in the recent years as an alternative solvent to extract a high-quality oil due to its high polarity, bio-renewability and low toxicity [START_REF] Capellini | Alcoholic extraction of sesame seed cake oil: Influence of the process conditions on the physicochemical characteristics of the oil and defatted meal proteins[END_REF][START_REF] Capellini | Rice bran oil extraction using alcoholic solvents: Physicochemical characterization of oil and protein fraction functionality[END_REF][START_REF] Sawada | Effects of different alcoholic extraction conditions on soybean oil yield, fatty acid composition and protein solubility of defatted meal[END_REF]. Supercritical carbon dioxide (Sc-CO2) is also recognized as an adequate solvent for extracting lipid compounds from vegetable matrices because it is non-explosive, nontoxic, selective and easily separated from the final extract, what preserves its biological properties [START_REF] Espinosa-Pardo | Extraction of phenolic compounds from dry and fermented orange pomace using supercritical CO2 and cosolvents[END_REF][START_REF] Garcia-Mendoza | Extraction of phenolic compounds and anthocyanins from juçara (Euterpe edulis Mart.) residues using pressurized liquids and supercritical fluids[END_REF][START_REF] Rosa | Supercritical and pressurized fluid extraction applied to the food industry[END_REF].

In this context, the present work aimed the assessment of five conditions of defatting CG on the functional properties of proteins further extracted from the defatted meals, together with the quality of the produced oils. To our best knowledge, no study proposed and compared various defatting methods with effects of solvent, temperature and pressure. Oil extraction by hexane was performed at three temperatures, i.e. room temperature (24 °C), 45 o C and boiling (68 °C). Supercritical Fluid Extraction (SFE) using carbon dioxide and Soxhlet extraction using ethanol were also investigated as green solvent techniques, providing additional insight at the influence of solvent and pressure on the oil recovery. The extracted oils were analyzed for their fatty acid profile and their total phenolic content. The meals defatted under the five conditions were all further extracted by saline solution to recover proteins. For comparison purpose, proteins were also extracted from nondefatted corn germ. The influence of the defatting method on the protein extraction was assessed by comparing the protein extraction yield and the protein concentration in extracts. The protein functional properties (water absorption capacity, solubility profile, foaming and emulsifying capacities) were also evaluated, and their molecular weight was determined by SDS-polyacrylamide gel electrophoresis. Finally, the effect of protein alkaline extraction and Ultrafiltration-Diafiltration (UF-DF) purification instead of dialysis on the functional properties was quantified.

Material and Methods

Materials

CG was kindly donated by the corn semolina mill Castelmais (Casteljaloux, France). Contrary to the "classical" dry-milling described by [START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF], the CG used in this work was industrially separated from the endosperm without tempering, i.e. by only mechanical degerming. During the process, the bran was also separated from the CG which is another difference with the raw material used in [START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF]. The CG consisted in hard pieces of few millimeters which are inconvenient for subsequent extraction. Germs were therefore ground using a home mill, sieved using a mesh size of 500 m (Retsch, Germany) and then, stored in airtight containers at -18 o C until use.

Extraction solvents were hexane (Scharlab, Barcelona, Spain, 98%) and absolute ethanol (Scharlab, Barcelona, Spain, 99.8%) and carbon dioxide (Air Liquide, Floirac, France, 99.5%). All other reagents were of analytical grade and supplied by Sigma Chemical Co (St Quentin Fallavier, France) and Scharlab (Barcelona, Spain). Ultrapure water (ELGA, Purelab ® Option, UK) was used for protein extractions and protein functionality tests.

Experimental methods

Oil recovery

Extraction by organic solvents

In a first method, extraction was carried out with hexane by maceration under stirring at room temperature namely 24 o C (called Hexane RT) or at 45 o C (called Hexane 45 o C). 50g of ground CG and 250 mL of solvent were continuously stirred for 20 min. Three consecutive solidliquid extractions were carried out with the same material. After each extraction, the solid-solventoil mixture was centrifuged at 225 g for 2 min (Rotanta 460 RF, Hettich, Germany). The supernatant was collected in a capped glass rotary flask, while the solid was subjected to a second and then a third extraction cycle. Solid to solvent ratio of 1:5 and three cycles ensured complete defatting. The three supernatants were mixed together and hexane was removed by rotoevaporation (RE 300DB, Stuart  , UK) under vacuum (30 kPa) at 38 o C. The recovered oil was weighed and stored in amber sealed containers at -18 °C until further analysis.

The yield of extraction (g oil/100 g CG) was calculated from the mass of extracted oil divided by the treated mass of CG.

Extractions were also performed with hexane or ethanol at boiling temperature in a Soxhlet apparatus (Soxtec system 1045, Tecator HT 2, Denmark). Extractions (called Soxhlet hexane and Soxhlet ethanol) were performed with 10 g of raw material continuously extracted for 4 hours.

Thereafter the solvent was evaporated from the aluminium extraction beaker and the recovered oil was weighed and stored in amber sealed containers at -18 °C until further analysis.

The solid residues at the end of the extraction cycles (called defatted meals) were left in fume hood overnight to evaporate the remaining solvent and then stored in sealed containers at -18 o C until later use. All extractions were performed in duplicate.

Supercritical Fluid Extraction (SFE)

The supercritical carbon dioxide extraction (called Sc-CO2) was performed in a homemade equipment that consisted in a 100 mL vessel (inner diameter of 3 cm, TOP Industrie SAS, Vaux le Pénil, France), a pump for the CO2 delivery (Gilson pump 305, Gilson International-France S.A.S, France) and various stop valves (Autoclave France, France), heat exchangers, pressure and temperature sensors [START_REF] Bardeau | 12th Euro fed lipids congress: oils , fats and lipids : from lipidomics to industrial innovation. Recovery of oils from press cakes by CO2based technology[END_REF]. Extraction of 30 g CG was carried out at 21 MPa (PR 711F 400 bar, ASCO, France) and 45 o C (K-thermocouple, Watlow, France) for 5.5 h. The CO2 flow rate, measured after expansion by a flowmeter, was of 5.6 g/min. The pressure and temperature of Sc-CO2 were set as moderate conditions considering the operational limitations of the home-made equipment. The extracted oil was collected, weighed and stored in amber sealed container at -18 o C until analysis. The defatted meal was removed from the extraction vessel and stored at -18 o C until further use.

The yield of extraction (g oil/100 g CG) was calculated from the mass of extracted oil divided by the treated mass of CG.

Protein recovery from defatted CG

Conventional protein extraction and purification

The method for protein recovery was adapted from Hojilla-Evangelista, (2014, 2012) with minor variations. Two consecutive solid-liquid extractions were carried out with the same material.

Approximately 20 g of defatted meal were mixed with 200 mL of 0.1 M NaCl (pH 6.7) and stirred for 2 h at 26 o C. The slurry was then centrifuged at 13 300 g for 10 min (Rotanta 460 RF, Hettich, Germany) and the supernatant was filtered (filter paper 303, VWR, Belgium), while the solid was subjected to the second extraction. The filtered supernatants were pooled and the total volume measured. Their purification (salt removal) was performed by dialysis against deionized water using a molecular porous membrane tubing (Spectra/Por MWCO 3.5 kDa, USA) for two days at 4 o C with several changes of water. The dialyzed extracts were then freeze-dried (vacuum 6.7 Pa; -85 o C) (Cryotec lyophilizer, Cosmos -80, France) and stored at room conditions until the protein functionality assays.

The same protein extraction procedure was carried out on the undefatted CG (ground and sieved raw material) for comparative purposes. All extractions were duplicated.

The protein concentration in the freeze-dried protein extracts was estimated by the determination of the total nitrogen by the Kjeldahl method (Nx6.25). The yield of protein extraction (%) was calculated from data of protein content of extracts and of defatted meals.

Alkaline extraction and purification by Ultrafiltration-Diafiltration (UF-DF)

For comparative purposes, a saline protein extract obtained from Sc-CO2 defatted meal was purified by UF-DF instead of dialysis. The ultrafiltration device consisted of a Labscale tangential flow filtration system (Millipore, Molsheim, France) equipped with a Pellicon Biomax 5 kDa MWCO polyether sulfone membrane (Millipore, Molsheim, France) and operating at an inlet pressure of 0.22 MPa, an outlet pressure of 0.12-0.17 MPa and an initial permeate flow rate of 1.5 mL/min. The protein extracts were first concentrated two folds and then diafiltered for 5 diavolumes. The salted permeate was discarded whereas the salt free protein extract was freezedried at -85 o C under vacuum (6.7 Pa) (Cryotec lyophilizer, Cosmos -80, France) and stored at room conditions until use. Furthermore, owing to the high solubility of corn proteins in basic media, a protein extraction by NaOH at pH 10 was carried out on the Sc-CO2 defatted meal, all other conditions unchanged. After protein extraction, the supernatant was split for purification, one part processed by dialysis and the second by UF-DF.

Analytical methods

Proximate analysis

The ground and sieved CG was characterized for its moisture content by measurement of the weight loss upon drying at 105 o C by halogen heating, using a moisture analyzer balance (Moisture Series, Fisher Scientific, Illkirch, France). The ash content was quantified according to the AACC 08-01 method [START_REF] Aacc | Approved Methods of the American Association of Cereal Chemists[END_REF]. The lipid content was quantified by Soxhlet extraction for 4 h using hexane as solvent [START_REF] Almazan | Fat and fatty acid concentrations in some green vegetables[END_REF]. The protein content was determined by the Kjeldahl method [START_REF] Aoac | Official Methods of Analysis of Association of Official Analytical Chemists[END_REF] and multiplying the nitrogen content by 6.25. Considering that CG is composed of water, lipids, proteins, carbohydrates and minerals, the carbohydrate content was estimated by the mass difference.

Oil fatty acid composition and content in phenolics

The CG oils obtained by the various extraction techniques were characterized for their fatty acid composition by gas chromatography analysis according to the method described by [START_REF] Sehl | A critical assessment of transmethylation procedures for n-3 long-chain polyunsaturated fatty acid quantification of lipid classes[END_REF] with minor modifications. The lipid fractions were first transmethylated and the fatty acid methyl esters were then separated on a BPX 70 capillary column (60 m long, 0.25 μm film, 0.25 mm i.d., SGE (Melbourne, Australia)) using hydrogen as carrier gas. The split ratio was 1:33.

The column temperature program was set as follows: from 160 °C to 180 °C at 1.3 °C/min, maintained for 65 min before increasing at 25 °C/min until 230 °C and maintained for 15 min. The injection port and the detector were maintained at 250 °C and 280 °C, respectively. The identification of fatty acid methyl esters was carried out by comparing their retention times with those of a standard mixture (FAME mix C4-C24, Sigma-Aldrich).

The Total Phenolic Content (TPC) was estimated using the Folin-Ciocalteu assay [START_REF] Singleton | Analysis of total phenols and others oxidantion substrates and oxidants by means of Folin-Ciocaulteau reagent[END_REF] and expressed as mg of Gallic Acid Equivalents (GAE)/kg of oil. Prior the Folin-Ciocalteu assay, polyphenols were extracted from oil by methanolic extraction according to [START_REF] Rombaut | Grape seed oil extraction: Interest of supercritical fluid extraction and gas-assisted mechanical extraction for enhancing polyphenol co-extraction in oil[END_REF].

Molecular weight profile (SDS-PAGE)

The dry extracts were solubilized (2 mg protein/mL) in Tris buffer pH 6.8 containing SDS, glycerol, β-mercaptoethanol and bromophenol blue [START_REF] Laemmli | Cleavage of structural proteins during the assembly of the head of bacteriophage T4[END_REF]. The samples were boiled for 3 min then centrifuged. 10 µL were deposited onto SDS-gel (Mini-precast 4-15% gradient gels, Bio-Rad, Marnes-la-Coquette, France). Prestained SDS-PAGE 10 -250 kDa Protein Ladder (Fisher Scientific, Illkirch, France) was used as reference. SDS-PAGE was performed using migration buffer (0.12% glycine, 0.25% Tris-Base, 0.08% SDS) under 20 mA current. Gels were stained overnight using 0.1% of Brilliant Blue G250 and destained using ethanol:acetic acid solution (25:25 v/v) for 1 h.

Protein functionality tests

The freeze-dried protein extracts obtained from the various defatting meals were characterized in terms of protein solubility profile, water absorption capacity (WAC), foaming and emulsifying capacities.

The WAC was determined using the method described by [START_REF] Ogunwolu | Functional properties of protein concentrates and isolates produced from cashew (Anacardium occidentale L.) nut[END_REF] with minor modifications. 100 mg of dry protein extract were stirred in 1 mL of water for 30 sec the centrifuged at 16 100 g for 15 min (Rotanta 460 RF, Hettich, Germany) and water was drained at 45° angle for 10 min. The tube with wet protein was weighed and then, freeze-dried at -85 o C under vacuum (6.7 Pa) (Cryotec lyophilizer, Cosmos -80, France). Absorbed water was determined by weight loss between the wet and the freeze-dried protein extract. The WAC was calculated using the mass of absorbed water and dry protein extract after experiment.

The solubility profile of proteins in water was obtained according to the method described by [START_REF] Ogunwolu | Functional properties of protein concentrates and isolates produced from cashew (Anacardium occidentale L.) nut[END_REF] with minor modifications. 30 mg of protein extract were dispersed in 3 mL of deionized water and the pH value was adjusted to 2, 4, 6, 8, 10 and 12 by using 1 M and 0.1 M NaOH or 1 M and 0.1 M HCl. The natural pH value of the protein solutions was ranging from 5.7 to 6.2. Samples were stirred at room temperature (24 o C) for 25 min and then centrifuged at 13 300 g for 20 min (Rotanta 460 RF, Hettich, Germany). The protein content in supernatants was determined using the Bradford method [START_REF] Bradford | A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding[END_REF]. Protein solubility (%) was calculated as the ratio between protein content in supernatant and the total protein content in the initial sample.

For foaming and emulsifying properties, a 4 mg protein/mL solution with pH value adjusted to 10 was prepared. Foaming capacity and stability were determined according to the method described by Hojilla-Evangelista, (2012) and [START_REF] Ogunwolu | Functional properties of protein concentrates and isolates produced from cashew (Anacardium occidentale L.) nut[END_REF] with minor modifications. 25 mL of the aforementioned protein solution were transferred to a glass graduated cylinder, homogenized at 13 200 rpm for 2 min by an Ultra-Turrax (Model T25D, Ika  , Germany), then let to settle for 1 h. Foam capacity (FC) and foam stability (FS) were calculated as follows:

FC (%) =
(Volume after whipping -volume before whipping) (mL) (Volume before whipping)(mL)

x 100 FS (%) = Volume after 1 h settling (mL) Volume after whipping(mL)

x 100

The Emulsifying Activity Index (EAI) was determined using the method described by [START_REF] Ogunwolu | Functional properties of protein concentrates and isolates produced from cashew (Anacardium occidentale L.) nut[END_REF] and [START_REF] Pearce | Emulsifying properties of proteins: Evaluation of a turbidimetric technique[END_REF] with minor modifications. A 3:1 water:oil emulsion was prepared in a cold bath from 26 mL of the 4 mg/mL protein solution and 8.7 mL of sunflower oil. The mixture was homogenized at 12 000 rpm for 5 min by an Ultra-Turrax (Model T25D, Ika  , Germany). An aliquot of 50 L of the emulsion was mixed with 5 mL of 0.1% sodium dodecyl sulphate solution, and the absorbance was measured at 500 nm (spectrophotometer Model UH5300, Hitachi, Japan). EAI (m 2 /g) was calculated as reported by [START_REF] Ogunwolu | Functional properties of protein concentrates and isolates produced from cashew (Anacardium occidentale L.) nut[END_REF].

In addition, the droplet size distribution of emulsions was determined by static light scattering (Mastersizer 2000 Hydro SM, Malvern, UK). Measurements were carried out right after emulsification and after 30 and 45 days of a 4 °C storage for stability assessment. The volumeaveraged diameter D[4,3] and the surface-averaged diameter D [3,2] were used to characterize the droplet size distribution.

Statistical Analysis

Results were expressed as mean ± standard deviation (SD) and were statistically evaluated using the Software Minitab 17 ® (Minitab Inc.). The significant differences (p < 0.05) were analyzed through the Tukey's test.

3 Results and Discussion

Material composition and particle characterization

The CG used in this work had the following mass composition, on wet basis (mean ± standard deviation): moisture (9.55 ± 0.65%), crude protein (12.48 ± 0.05%), ash (6.05 ± 0.02%), lipids (23.8 ± 1.5%) and carbohydrate (48.1 ± 1.5%). The contents in lipid, protein and ash were significantly higher than those reported by [START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF], lipids: 10.74%, protein: 10.4% and ash: 2.94%, and similar to those reported by [START_REF] Johnston | Composition and economic comparison of germ fractions from modified corn processing technologies[END_REF], 23% of lipid and 15.3% of protein in dry milled germ. On contrary, the carbohydrate content was lower than the 64.69%

reported by [START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF]. This clearly illustrates the crucial role of industrial process in CG composition, as already highlighted by [START_REF] Johnston | Composition and economic comparison of germ fractions from modified corn processing technologies[END_REF]. Although the CG of these three studies were obtained by dry milling, they were not separated from endosperm in the same way.

The tempering-degerming process implemented to achieve the corn germ-bran mixture may let more endosperm fractions attached to the germ than the dry mechanical degerming and bran separation implemented by Castelmais. The highest yield of extraction (37.7 g oil/100 g CG) was obtained by the Soxhlet ethanol method.

The discrepancy between hexane and ethanol extraction yields is attributed to the co-extraction of any polar compounds, lipidic or not, that increased the mass of extracted oil. In addition, the ethanol-extracted oil was more turbid than the hexane-extracted one indicating the presence of components at their solubility limit. Among co-extracted substances, the ethanol soluble zein protein was evidenced by SDS-PAGE (data not shown) but carbohydrates could be present as well according to [START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF]. The polarity of the solvent influenced the total phenolic extraction as well so that the extraction by Soxhlet ethanol produced the oil with the highest TPC content (1721 mg GAE/kg oil). Supercritical fluid extraction was implemented with neat CO2 at 45 o C under a moderate pressure of 21 MPa due to the pressure-limit of the equipment. The low extraction yield (16.4 g oil/100 g CG) obtained by Sc-CO2 compared to the 24 g oil/100 g CG yield obtained by hexane maceration could be attributed to the low solubility of oil in Sc-CO2 that limit the extraction kinetics. Though the Sc-CO2 extraction was carried out for 5.5 h, the duration was hence insufficient to exhaust the matrix in lipids. Extraction kinetics in SFE mainly depends on the raw material, pressure, temperature solvent flow rate, so that many parameters could be optimized to increase the yields of oil extraction [START_REF] Rosa | Supercritical and pressurized fluid extraction applied to the food industry[END_REF][START_REF] Singh | Supercritical fluid extraction in food processing[END_REF]. When extraction is limited by solubility, as it is in the first times of the extraction course, the extraction yield could be increased by selecting conditions that increase the lipid solubility such as higher pressure and, above 30-40 MPa, higher temperature [START_REF] Tomita | Extraction of rice bran oil by supercritical carbon dioxide and solubility consideration[END_REF]. However, in this work, the objective was to preserve the functionality of CG proteins in the treated meal, even if this was at the expenses of the complete oil recovery. Hexane 45 o C 23.8 b ± 1.6 70.5 c ± 0.9 16:0 (11%), 18:0 (1%), 18:1(9c) (30%), 18:2 (6c) (56%), 18:3 (1%) Soxhlet Hexane 23.8 b ± 1.5 68.5 c ± 0.5 16:0 (11%), 18:0 (1%), 18:1(9c) (30%), 18:2 (6c) (56%), 18:3 (1%) Soxhlet Ethanol 37.7 a ± 2.0 1721 a ± 46 16:0 (11%), 18:0 (1%) 18:1(9c) (29%), 18:2 (6c) (56%), 18:3 (1%) Sc-CO2 16.4 c ± 0.8 251.8 b ± 17.9 16:0 (12%), 18:0 (1%), 18:1(9c) (30%), 18:2 (6c) (56%), 18:3 (1%) Values presented as mean ± standard deviation Equal letters in the same column indicate no significant difference at level of 5% (p < 0.05)

Regarding the fatty acid profiles (Table 1), five fatty acids were identified among which linoleic acid (18:2) as the major fatty acid (> 50%), followed by oleic acid (18:1) and palmitic acid. All extracted oils showed the typical fatty acid composition of CG oil [START_REF] Johnson | Corn: the mayor cereal of the Americas[END_REF][START_REF] Rebolleda | Supercritical fluid extraction of corn germ oil: Study of the influence of process parameters on the extraction yield and oil quality[END_REF][START_REF] Vigh | Optimization of supercritical fluid extraction of corn germ oil in a multipurpose extractor[END_REF]. Data showed that the fatty acid composition was not influenced neither by the defatting method nor by the extraction temperature. Similarly, [START_REF] Rebolleda | Supercritical fluid extraction of corn germ oil: Study of the influence of process parameters on the extraction yield and oil quality[END_REF] did not observe any influence of extraction temperature on the fatty acid composition of corn oil obtained by SFE. On the other hand, [START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF] observed a slight difference in fatty acid composition, mainly in linoleic acid content, of oils extracted with alcoholic solvents when compared to hexane industrially extracted oil (48% and 51% respectively).

Protein recovery and functionality

In this section, the different protein extracts were identified as Hexane RT, Hexane 45 o C, Soxhlet hexane, Soxhlet ethanol, Sc-CO2 and undefatted, in reference to the defatting process that preceded the protein extraction step. All defatted and undefatted meals were extracted by the protein extraction method described in section 2.2.2 (called saline extraction).

Protein content of extracts and protein extraction yield

As observed in Table 2, the protein content of extracts varied from 19.9% to 48.5%, with maximum achieved for SFE defatted meal. As a general trend, extracts obtained from defatted meals were of higher protein content than the one from undefatted meal. However, this assertion is not true when oil extraction has been performed at high temperature. Extracts from Soxhlet defatted meals exhibited similar (hexane: 27.1%) or lower (ethanol: 19.9%) protein contents than extracts from undefatted CG (29.1%). High temperature reached during Soxhlet extractions could have damaged proteins, thereby negatively influencing their further extraction. The negative effect of high temperature on protein solubility has been also reported by [START_REF] Capellini | Rice bran oil extraction using alcoholic solvents: Physicochemical characterization of oil and protein fraction functionality[END_REF] in the case of alcoholic extractions. The Soxhlet ethanol defatting method led to the extracts with the lowest protein concentration and extraction yield. This can probably be assigned to the poor solubility of proteins after defatting by Soxhlet ethanol (as confirmed below). Ethanol is a denaturing solvent of water-soluble proteins. Denaturation can be defined as any modification of the secondary, tertiary or quaternary structure of the protein. It usually leads to changes in the functional properties of proteins. Several studies reported the denaturing effect of alcohols [START_REF] Roberts | Characteristics of the various soybean globulin components with respect to denaturation by ethanol[END_REF][START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF][START_REF] Wu | Denaturation of plant proteins related to functionality and food applications[END_REF] especially on globulins, what induces a decrease in their extractability from plants [START_REF] Wu | Denaturation of plant proteins related to functionality and food applications[END_REF]. Soxhlet ethanol thus combined two deleterious conditions for proteins: high temperature and denaturing solvent.

All other protein extracts exhibited similar protein contents (from 27.1% to 34.8%).

The yield of protein extraction varied from 7.8% to 25.9% with maximum achieved from the CG defatted by hexane at 45 °C. Most of the other defatted and undefatted meals achieved protein extraction yields close to 20%, without any significant difference among them. Protein recovery might be mainly influenced by the protein solubility in the extracted meal. In that sense, the increase in the protein extraction between hexane RT and 45 °C, and decrease when boiling hexane was used are consistent with observations of [START_REF] Zayas | Functionality of proteins in food[END_REF]. The residual oil content in corn meal after Sc-CO2 extraction could have affected protein extraction, leading to a slightly lower yield (21.3%) than that from hexane defatted meal at the same temperature. However, no significant difference was observed in the recovery yields between Hexane at RT and undefatted meals (19.0% and 19.9%, respectively). Although oil was removed by Hexane at RT, the high phenolic content remaining in the defatted meal could bind proteins and hinder their solubilization in aqueous solvents [START_REF] Malik | Polyphenol removal from sunflower seed and kernel: Effect on functional and rheological properties of protein isolates[END_REF]. The residual oil and phenolic contents in the meals after defatting treatment could thus play a detrimental and complex role in the protein extractability.

These results are consistent with the 20-28% crude protein extracts and the 25-28% extraction yields reported by Hojilla-Evangelista, (2012) from corn germ defatted by hexane RT. 

Protein extract functional properties

The functional properties of protein extracts primarily determine their utilization in different food products. Protein solubility profiles are shown in Fig. 1. All CG protein extracts exhibited poor solubility at acid conditions (lower than 12% at pH 4) regardless of the meal they originated. A higher pH improved the protein solubility, up to complete solubilization at pH 10, except for proteins extracted from CG defatted by Soxhlet ethanol. A sharp increase in solubility was observed when pH value of the medium was adjusted to 8, due to the increase in the net electrical charge of the proteins. Hojilla-Evangelista, (2014) also reported an increase in solubility for alkaline pH, though the solubility of their extracted proteins achieved only 30% at maximum (pH 10). Although some studies reported a U-shape solubility profile, with minimum at isoelectric pH around 5 [START_REF] Nielsen | Corn germ protein isolate -Preliminary studies on preparation and properties[END_REF][START_REF] Zayas | Functionality of proteins in food[END_REF], other authors reported similar profiles as those presented here [START_REF] Hojilla-Evangelista | Improved solubility and emulsification of wet-milled corn germ protein recovered by ultrafiltration-diafiltration. JAOCS[END_REF][START_REF] Phillips | Corn protein concentrate: Functional and nutritional properties[END_REF][START_REF] Wang | Water retention and solubility of soy proteins and corn germ proteins in a model system[END_REF].

This supports the assumption that the method of extraction also influenced the protein solubility profile. [START_REF] Phillips | Corn protein concentrate: Functional and nutritional properties[END_REF] depicted a corn protein concentrate with poor solubility (below than 11%), [START_REF] Wang | Water retention and solubility of soy proteins and corn germ proteins in a model system[END_REF] found barely 20-30% soluble proteins from CG flour, and [START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF] reported Nitrogen Solubility Index from 3% to 11% for CG-bran meals defatted by hydro-alcoholic solutions, whereas [START_REF] Nielsen | Corn germ protein isolate -Preliminary studies on preparation and properties[END_REF], reported a maximum solubility of 54% for a dry-mill CG protein isolate. Protein solubilities exhibited in the present work were thus significantly higher. In addition to the various ways of producing protein extracts (extraction and purification), discrepancies in the solubility of CG protein reported in literature might be attributable to differences in the germ separation method -dry or wet milling process, with or without tempering stage. Proteins extracted from the Soxhlet ethanol defatted meal showed a poor solubility even at alkaline pH (below 50%) what is probably due to partial protein denaturation during oil extraction, as already suggested by [START_REF] Navarro | Corn germ-bran oils extracted with alcoholic solvents: Extraction yield, oil composition and evaluation of protein solubility of defatted meal[END_REF][START_REF] Zayas | Functionality of proteins in food[END_REF]. of food products [START_REF] Hojilla-Evangelista | Improved solubility and emulsification of wet-milled corn germ protein recovered by ultrafiltration-diafiltration. JAOCS[END_REF][START_REF] Wang | Water retention and solubility of soy proteins and corn germ proteins in a model system[END_REF]. The WAC of protein extracts ranged from 1.34 to 2.79 g water/g extract (Table 3), comparable to WAC reported by [START_REF] Phillips | Corn protein concentrate: Functional and nutritional properties[END_REF] for corn protein concentrate (2.2 g water/g concentrate) and soy concentrate (1.9 g water/g concentrate). For comparative purpose, WAC* (g water/g protein) was calculated assuming that water absorption was only due to the protein content. WAC* of the various extracts ranged from 4.6 to 14 g water/g protein, higher than those reported by Hojilla-Evangelista, (2014)

(2.2-3.5 g water/g protein) and by Zayas and Lin, (1989b) (2-4 g water/g protein). Protein extract from the Soxhlet ethanol defatted meal exhibited the highest WAC and WAC* (2.79 g water/g extract and 14 g water/g protein, respectively). Since this extract was of low protein content, its high WAC was attributable to the hydrophilic co-extracted compounds, namely carbohydrates.

Indeed, proteins and carbohydrates are of great importance in WAC by providing hydrophilic parts like polar and charged side chains [START_REF] Hojilla-Evangelista | Improved solubility and emulsification of wet-milled corn germ protein recovered by ultrafiltration-diafiltration. JAOCS[END_REF][START_REF] Zayas | Functionality of proteins in food[END_REF]. Zayas and Lin, (1989b) reported similar results considering the role of carbohydrates in the swelling capacity. In spite of their low solubility, Soxhlet ethanol proteins revealed a high capacity to prevent the threedimensional structure protein-water-carbohydrate from releasing water.

As for protein extracts from hexane defatted meals, increasing the defatting temperature enhanced in the extract WAC. High temperature achieved during Soxhlet extraction can partially modify the structure of the proteins, thereby increasing interactions between water and protein polar parts. There was not any significant difference in WAC* between the protein extracts obtained from the undefatted CG and from the other defatted meals (Hexane RT, Hexane 45 o C and Sc-CO2), ranging from 4.59 to 5.37 g water/g protein. Foaming properties (capacity FC and stability FS) are important functional characteristics of protein extracts that determine their utilization in food products like ice cream or whipped cream. Proteins are surfactants that contribute to the uniform distribution of fine air cells in the structure of food systems [START_REF] Zayas | Functionality of proteins in food[END_REF]. Their foaming properties depend on several factors among which their source, method of extraction and operating parameters of whipping. Therefore, comparison with literature can be quite complex. FC is related to the ability of protein to solubilize in aqueous solution and adsorb at the water-air interface to form a viscous and cohesive film around bubbles (foam formation), whereas FS is related to intermolecular cohesiveness and the capacity to prevent rupture and subsequent coalescence of bubbles through the formation of films viscous and elastic enough [START_REF] Zayas | Functionality of proteins in food[END_REF][START_REF] Shevkani | Physicochemical, Pasting, and Functional Properties of Amaranth Seed Flours: Effects of Lipids Removal[END_REF]. FC of protein extracts varied significantly from 25% to 84%, whereas FS varied only from 73% to 89% (Fig. 2). FC and FS higher than 80%

were observed for protein extracts from Sc-CO2 and Soxhlet hexane defatted meals, suggesting that these extracts are particularly suitable for products where dense and stable foams are desirable.

Hojilla-Evangelista, (2014) reported similar FS (84% after 15 min foam standing) for protein extract from hexane defatted CG meal. On contrary, protein extract from the undefatted meal showed low FC (25%). An increase in FC from 28% to 59% and then to 82% was observed for protein extracts originating from hexane defatted meals at room temperature (24 °C), 45 °C and boiling temperature (68 °C), respectively. This clearly highlights the impact of temperature, even at moderate conditions (45 °C), on protein conformation. Indeed, heat induces unfolding of the protein what improves interactions. FC is enhanced consequently, provided that heat is limited and does not cause severe denaturation with loss of solubility [START_REF] Hojilla-Evangelista | Improved solubility and emulsification of wet-milled corn germ protein recovered by ultrafiltration-diafiltration. JAOCS[END_REF][START_REF] Hojilla-Evangelista | Extraction and functional properties of non-zein proteins in corn germ from wet-milling. JAOCS[END_REF]. [START_REF] Zayas | Functionality of proteins in food[END_REF] reported that proteins must unfold to a certain degree in order to be reoriented at the interface and consequently form a continuous film which reduces the surface tension and allows the foam formation. Similar results were reported for soy protein concentrates with heat treatments of 55-85 o C for 10 to 30 min [START_REF] Shao | Modification of foaming properties of commercial soy protein isolates and concentrates by heat treatments[END_REF]. Though Sc-CO2 defatting was performed at moderate temperature (45 °C), protein extract originating from this defatted meal showed similar FC to that of extract from Soxhlet hexane defatted meal. This suggests that high-pressure treatment during SFE also participated to protein modification. Protein conformational modifications due to high pressure have been reported for soy skim [START_REF] Solana | Counter-current carbon dioxide extraction of fat from soy skim[END_REF], dry-milled CG [START_REF] Christianson | Supercritical fluid extraction of dry-milled corn germ with carbon dioxide[END_REF] and model enzyme [START_REF] Yamaguchi | High pressure NMR study of protein unfolding[END_REF]. More, [START_REF] Rónyai | Supercritical fluid extraction of corn germ with carbon dioxide-ethyl alcohol mixture[END_REF] suggested that a higher polar lipid content (especially phospholipids) in the partially defatted meal by Sc-CO2 could influence positively the functional properties of corn germ proteins. Given the poor solubility of proteins in the extract from Soxhlet ethanol defatted meal, FC of this extract (64%) could be attributable to carbohydrates comprised in it. Additionally, insoluble protein particles could also contribute to stabilize foams by creating a physical barrier to prevent bubble coalescence [START_REF] Zayas | Functionality of proteins in food[END_REF] thus increasing the surface viscosity. Moreover, partial denaturation of proteins tends to form foams of higher stability since it increases viscosity and imparts rigidity to the interfacial film for foam stabilization [START_REF] Zayas | Functionality of proteins in food[END_REF][START_REF] Shevkani | Physicochemical, Pasting, and Functional Properties of Amaranth Seed Flours: Effects of Lipids Removal[END_REF]. The lowest FC exhibited by proteins obtained from the undefatted CG and Hexane RT defatted meal (25% and 28%, respectively) could be assigned to the lack of protein modification by heat. Additionally, the residual oil content in the extract obtained from the undefatted CG could also have negatively influenced the strength and elasticity of the film at the interface and thereby its ability to incorporate air [START_REF] Hojilla-Evangelista | Improved solubility and emulsification of wet-milled corn germ protein recovered by ultrafiltration-diafiltration. JAOCS[END_REF][START_REF] Hojilla-Evangelista | Functional properties of soybean and lupin protein concentrates produced by ultrafiltration-diafiltration. JAOCS[END_REF]. Indeed, lipids are more surface active than proteins and are readily adsorbed at interface, thereby inhibiting the adsorption of proteins during foaming [START_REF] Shevkani | Physicochemical, Pasting, and Functional Properties of Amaranth Seed Flours: Effects of Lipids Removal[END_REF].

Whatever the defatting method, CG proteins -along with other soluble and insoluble compounds comprising the extracts -were able to form cohesive, strength, elastic and continuous air-impermeable films around each gas bubble (FS > 73%). The emulsifying capacity of proteins is related to their ability to adsorb on the water-oil interface while the properties of this adsorbed layer are related to the stability of emulsions [START_REF] Malik | Polyphenol removal from sunflower seed and kernel: Effect on functional and rheological properties of protein isolates[END_REF] [START_REF] Zayas | Functionality of proteins in food[END_REF]Zayas and Lin, 1989a) showed that protein solubility is not necessarily correlated to the emulsifying capacity of vegetable proteins since the emulsification behavior of globular proteins is more associated to surface hydrophobicity and molecular flexibility. Higher surface hydrophobicity subsequent to the partial unfolding of globular proteins due to heating and/or to pressure has been reported to improve the emulsifying capacity of proteins from pea [START_REF] Peng | Effects of heat treatment on the emulsifying properties of pea proteins[END_REF], soy [START_REF] Keerati-U-Rai | Heat-induced changes in oil-in-water emulsions stabilized with soy protein isolate[END_REF][START_REF] Zayas | Functionality of proteins in food[END_REF], corn [START_REF] Lin | Protein solubility, emulsifying stability and capacity of two defatted corn germ proteins[END_REF] and rice [START_REF] Zhu | Enhancement of functional properties of rice bran proteins by high pressure treatment and their correlation with surface hydrophobicity[END_REF]. It is worth noting that [START_REF] Rónyai | Supercritical fluid extraction of corn germ with carbon dioxide-ethyl alcohol mixture[END_REF] reported contrary results with higher EAI for corn protein isolates extracted after hexane 25 o C treatment than after Sc-CO2, though these authors did not provide any explanation. The high emulsifying capacity exhibited by extract from the undefatted CG is consistent with previous works that did not observe any decrease in EAI with residual oil content in germ isolates (Lasztity et al., 1995). Moreover, it was also depicted a negative correlation between emulsifying properties and protein concentration of extracts [START_REF] Chove | Emulsifying properties of soy protein isolate fractions obtained by isoelectric precipitation[END_REF]. Soxhlet ethanol defatted meal that destabilized after 30 day storage, all other emulsions remained stable over the 45 day storage monitoring (Fig. 3 and supplementary data).

Molecular weight distribution: SDS-PAGE

The electrophoretic profiles of the protein extracts from different defatted meals are shown in Fig. 4a. These CG proteins were characterized by a number of polypeptide units around 55, 40, 25 and 10 kDa with no sub-unit greater than 60 kDa. These profiles were similar to those found in the literature for CG proteins [START_REF] Hojilla-Evangelista | Improved solubility and emulsification of wet-milled corn germ protein recovered by ultrafiltration-diafiltration. JAOCS[END_REF][START_REF] Hojilla-Evangelista | Extraction and functional properties of non-zein proteins in corn germ from wet-milling. JAOCS[END_REF][START_REF] Landry | Albumins and globulins in maize grains[END_REF][START_REF] Romagnolo | Electrophoretic analysis of ruminal degradability of corn proteins[END_REF]. The subunits with molecular mass ranging from 25 kDa to 55 kDa might be ascribed to globulins whereas subunits smaller than 25 kDa might be attributable to albumins.

However, there exists an overlap of bands common to both protein classes [START_REF] Landry | Albumins and globulins in maize grains[END_REF][START_REF] Romagnolo | Electrophoretic analysis of ruminal degradability of corn proteins[END_REF]. The various studied protein extracts showed similar electrophoretic profiles, regardless of the defatting treatment. Moreover, aggregation due to severe denaturation was not observed for any treatment. Nonetheless, proteins extracted from the Soxhlet ethanol defatted meal showed fainter bands between 36 and 55 kDa, indicating that they were composed of lower molecular weight polypeptides than proteins in other extracts. Ladder [START_REF] Lipnizki | Industrial applications of ultrafiltration in pharmaceutical biotechnology[END_REF]. The effect of both alkaline extraction and UF-DF purification on the functionalities of proteins extracted from Sc-CO2 defatted meal was assessed (Table 4). Extracts with higher protein concentrations were achieved by dialysis as compared to UF-DF, especially when extraction was performed by 0.1 M NaCl. This result is in contradiction with the slight protein concentration increase by UF-DF reported by Hojilla-Evangelista, (2014). Nevertheless, the theoretical flux capacity and membrane selectivity in ultrafiltration process depend on several parameters (feed and membrane properties, transmembrane pressure, cross-flow rate) that should be optimized to avoid concentration polarization and fouling of the membrane [START_REF] Tang | Recovery of protein from brewer's spent grain by ultrafiltration[END_REF].

Protein concentration of the diafiltered extracts was about 36%, regardless of the extraction method. However, protein extraction at pH 10 improved significantly the recovery efficiency (from 21% to 56%, results in supplementary data) due to high protein solubility at alkaline conditions. Similarly, WAC did not show significant difference (p < 0.05) among UF-DF and dialyzed samples. For the emulsifying activity, the general trend was of higher EAI values and finer emulsions (D[4,3] of 19 µm vs 26 µm) when extraction was performed in alkaline instead of saline conditions. This can be ascribed to higher solubility and unfolding of proteins due to the alkaline pH. However, these emulsions displayed poor stability over time (supplementary data, Fig. A2).

Thus, these proteins were not able to produce cohesive, strengthened and elastic enough films to ensure emulsion stability. Dialyzed extracts reached slightly higher EAI than their UF-DF counterparts, though no difference in droplet size was observed.

All extracts exhibited the same electrophoretic profile (Fig. 3b), thus indicating that neither the extraction method nor the purification method influenced this profile. Therefore, ultrafiltration and dialysis membranes retained indistinctly molecules of the same size during the desalting step. was not conducted to complete defatting, thus providing a partially defatted meal and a high phenolic content oil, concurrently. Moreover, the protein extract yielded from this meal exhibited the highest protein content (48.5%) over all extracts. It also showed the best foaming capacity and stability, one of the highest WAC and EAI. In addition, emulsion stabilized by this extract was stable over the 45 days of storage. Though proteins extracted in alkaline solution presented higher EAI and produced smaller size emulsions, they were not able to ensure the emulsion stability over time. Protein purification by UF-DF needs additional study and optimization in order to assess its influence on protein functionality. Under the concept of biorefinery, this study proved partial defatting by Sc-CO2 to be the best compromise meeting environmental concerns and the obtention of valuable functional proteins.
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  Hojilla-Evangelista, (2014) noticed a modified molecular weight profile of UF-DF compared to dialyzed CG concentrates, with the disappearance of bands larger than 31 kDa, what is rather surprising for 5 kDa membranes. The authors assumed that larger polypeptides (41-59 kDa) could have bound to the membrane during UF-DF.4 ConclusionOil recovered from the various CG meals did not exhibit significant differences in fatty acid composition, whereas the extraction yield and phenolic content of oils were influenced by the polarity and temperature of the extraction solvents. Oil extraction by hexane yielded the highest efficiency but the main drawback of this solvent is its toxicity. Extracts produced from meals defatted by hexane comprised 27.1% to 34.8% proteins and exhibited varying foaming and emulsifying capacities according to the protein unfolding degree in relation to the operating temperature. Oil from Soxhlet ethanol extraction showed the highest phenolic content. Although Soxhlet ethanol extraction evidenced protein denaturation that impaired solubility, the proteins further extracted exhibited high WAC and EAI. Due to equipment limitation as well as to economical and time considerations, extraction by the environmentally, friendly and safe Sc-CO2

Table 1

 1 summarizes data of yields and oil composition for the different extraction methods.Although the temperature in hexane macerations was found to speed up the extraction (data not shown), it did not show any influence on the extraction yield, corroborating thus the high solvation ability of that solvent for oil even at room temperature. On contrary, a positive influence of temperature on the TPC of oil was observed. This content increased from 40.8 mg GAE/kg oil at room temperature to 70.5 mg GAE/kg oil at 45 °C, but did not evolve further when higher temperature was applied in the Soxhlet method (hexane boiling temperature of 68 °C). It can be therefore assumed that the maximum solubility of phenolic compounds in oil/hexane mixture was reached at 45 o C. The TPC values of oils extracted at 45

o C and boiling hexane are consistent with those reported by

[START_REF] Shende | Effect of process parameters on the oil recovery of maize germ oil[END_REF] 

for corn oil extracted by hexane (76 mg GAE/kg oil).

Table 1 .

 1 The extracted oil by Sc-CO2 was however interestingly rich in phenolics compared to oil produced by hexane at 45°C (251.8 and 70 mg GAE/kg oil respectively). Similar results were observed by[START_REF] Belayneh | Ethanol-Modified Supercritical Carbon Dioxide Extraction of the Bioactive Lipid Components of Camelina sativa Seed. JAOCS[END_REF] during extraction of camelina seed using pure Sc-CO2 at moderate temperature and pressure (35 MPa; 50 Oil extraction yield and characteristics according to the extraction method

	Defatting	Yield (g oil/100 g	TPC (mg	Fatty acid
	Method	CG)	GAE/kg oil)	composition (%)
	Hexane RT	23.6 b ± 2.0	40.8 c ± 3.7	16:0 (13%), 18:0 (2%), 18:1(9c) (29%), 18:2 (6c) (53%), 18:3 (1%)

o C).

Table 2 .

 2 Protein concentration of extracts and extraction yield from different CG meals

	Defatting method	Protein concentration (% d.b)	Protein extraction yield (%)
	Hexane RT	32.7 b ± 0.7	19.0 b ± 1.0
	Hexane 45 o C	34.8 b ± 0.7	25.9 a ± 1.0
	Soxhlet Hexane	27.1 c ± 0.5	15.8 c ± 0.3
	Soxhlet Ethanol	19.9 d ± 0.4	7.8 d ± 0.2
	Sc-CO2	48.5 a ± 1.0	21.3 b ± 0.9
	Undefatted	29.2 c ± 0.6	19.9 b ± 0.4
	Values presented as mean ± standard deviation	
	Equal letters in the same column indicate no significant difference at level of 5% (p < 0.05)

Table 3 .

 3 Water Absorption Capacity (WAC) and Emulsifying Activity Index (EAI) of protein extracts and droplet size distribution of emulsions stabilized by protein extracts from

		different CG meals		
	Defatting method	WAC (g water/g extract)	WAC* (g water/g protein)	EAI (m 2 /g protein)	D [4,3] (m)
	Hexane RT	1.52 d ± 0.01	4.64 c ± 0.04	109 b ± 4	21.60 c ± 0.01
	Hexane 45 o C	1.87 c ± 0.04	5.37 c ± 0.10	84.8 b ± 7.1 38.23 a ± 0.03
	Soxhlet Hexane	2.27 b ± 0.10	8.38 b ± 0.37	223 a ± 5	27.51 b ± 0.45
	Soxhlet Ethanol	2.79 a ± 0.09	14.02 a ± 0.46	246 a ± 11 19.69 c ± 0.42
	Sc-CO2	2.33 b ± 0.01	4.80 c ± 0.02	231 a ± 10 26.16 b ± 2.04
	Undefatted	1.34 d ± 0.06	4.59 c ± 0.21	229 a ± 9	19.83 c ± 0.22
	Values presented as mean ± standard deviation		
	Equal letters in the same column indicate no significant difference at level of 5% (p < 0.05)

  . The emulsifying capacity of various protein extracts was assessed by measurements of Emulsifying Activity Index (EAI) and droplet size distribution of emulsions right after emulsification, while emulsion stability was assessed by droplet size measurements after storage. Emulsifying capacity plays a key role in the development of new sources of plant protein products particularly for food and pharmaceutical applications. A small droplet size distribution (micrometric scale) is highly desirable for food emulsions since it enhances stability as well as textural and flavor properties. EAI of protein extracts varied from 84.8 to 246 m²/g (Table3) in the same range as those reported for dry and wet corn germ proteins (90 -200 m 2 /g protein, Hojilla-

	Evangelista, (2014, 2012)) and higher than those for soybean and lupin concentrates (45 to 98 m 2 /g
	(Hojilla-Evangelista et al., 2004)).
	Protein extract obtained from the Soxhlet ethanol defatted meal displayed the highest EAI
	(246 m 2 /g protein), though without significant difference with those from Sc-CO2 or Soxhlet
	hexane defatted meals and from the undefatted meal. Thus, protein extracts yielded after Sc-CO2,
	Soxhlet hexane and Soxhlet ethanol treatment exhibited definitely high capacity to reduce surface
	tension and form strong and continuous films at water-air (FC) and water-oil (EAI) interfaces. On
	contrary, protein samples from meal defatted by Hexane RT and 45 o C showed low and statically
	equal EAI (109 and 84.8 m 2 /g respectively). These samples have already revealed less capacity to
	reduce surface tension and form continuous films when FC was assessed. Several studies

Table 3 )

 3 , with the finest emulsions observed with proteins extracted from meals defatted by Soxhlet ethanol or Hexane RT, or from undefatted meal. Protein extract from Hexane 45 o C defatted meal yielded the coarsest emulsion (38.23 µm). Correlation of EAI with D[4,3] was slight (correlation of Pearson: -0.586, p < 0.05), whereas this was greater with surface-

averaged diameter D

[3,2] 

of emulsions (correlation of Pearson: -0.820, p < 0.05, results in supplementary data). This is consistent with the definition of EAI that evaluates the surface of oil that is stabilized by one gram of protein. Except emulsion stabilized by the protein extract from

Table 4 .

 4 Protein concentration, WAC and EAI of proteins extracted from Sc-CO2 defatted CG by saline or alkaline solutions and purified by dialysis or UF-DF

	Protein extraction by	Protein purification by	Protein concentration (% d.b)	WAC (g water/g extract)	WAC* (g water/g protein)	EAI protein) (m 2 /g	D [4,3] (m)
	0.1 M NaCl	Dialyzed	48.5 a ± 1.0	2.33 a ± 0.01	4.80 c ± 0.02	231 bc ± 10 26.16 b ± 2.04
		UF-DF	36.4 c ± 1.8	2.80 a ± 0.18	7.71 a ± 0.49	187 d ± 2 26.10 b ± 0.34
	pH 10	Dialyzed	39.6 bc ± 2.0	2.33 a ± 0.12	5.87 abc ± 0.30	255 a ± 2 18.78 c ± 0.09
		UF-DF	35.7 c ± 1.8	2.81 a ± 0.17	7.88 a ± 0.48	245 ab ± 7 19.32 c ± 0.41
	Values presented as mean ± standard deviation				
	Equal letters in the same column indicate no significant difference at level of 5% (p < 0.05)	
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