Raphaelle Savoire 
  
Pascale Subra-Paternault 
  
Tiphaine Bardeau 
  
Estelle Morvan 
  
Axelle Grélard 
  
Maud Cansell 
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Selective extraction of phospholipids (PLs) from camelina press cake and scallop by-products was investigated using Supercritical Fluid Extraction at 45 °C, 25 MPa, with (2-30 %) ethanol (EtOH) as cosolvent. A two-step process consisting of a first extraction with CO 2 + 7 % EtOH to eliminate neutral lipids followed by a second extraction with CO 2 + 30 % EtOH led to extracts containing up to 40 % of the PLs initially present in the matrix. The variation of the extraction conditions made it possible to recover up to 90 % of PLs. The extracts enriched in PLs were able to self-assemble to form liposomes. Ethosomes, with smaller size, were also obtained when EtOH remained in the extracts.

Introduction

In the current context of sustainability, valorization of by-products deriving from the food industry is of great interest. In addition to environmental considerations, consumers are also looking for food products and additives with a positive nutritional impact, or at least with no deleterious effect on health. Phospholipids (PLs) are part of the EU authorized food additives (E322 lecithin). They are used as emulsifiers and antioxidants in foods [START_REF]Codex Alimentarius, Class names and the international numbering for food additives[END_REF]. The interfacial properties (adsorption and reduction of surface tension) of PLs result from their amphiphilic nature. Indeed, PLs are molecules comprising a non-polar moiety generally made of two fatty acid chains esterified on a glycerol backbone, and a polar head. Depending on the nature of the polar head, different PL species can be distinguished, i.e. phosphatidic acid (PA), phosphatidylethanolamine (PE), phosphatidylserine (PS), phosphatidylcholine (PC), phosphatidylinositol (PI) or phosphatidylglycerol (PG)(Figure 1). Some less abundant forms of PLs like plasmalogen glycerophospholipids and phosphonolipids (Figure 1) can be found in specific natural sources. More recently, PLs have also been recognized as highly performing fatty acid molecular carriers compared with triacylglycerols [START_REF] Sehl | In vitro lipolysis and lymphatic absorption of n-3 long-chain polyunsaturated fatty acids in the rat: influence of the molecular lipid species as carrier[END_REF][START_REF] Cansell | Marine phospholipids as dietary carriers of long-chain polyunsaturated fatty acids[END_REF]. In particular, when issued from marine sources, PLs can carry long chain n-3 polyunsaturated fatty acids (PUFA), i.e. eicosapentaenoic acid (EPA, 20:5 n-3) and docosahexaenoic acid (DHA, 22:6 n-3), that are associated with a reduced risk of developing several pathologies such as cardiovascular, neurodegenerative, inflammatory diseases, and cancer [START_REF] Deckelbaum | The Omega-3 Fatty Acid Nutritional Landscape: Health Benefits and Sources[END_REF][START_REF] Gebauer | n-3 Fatty acid dietary recommendations and food sources to achieve essentiality and cardiovascular benefits[END_REF][START_REF] Gogus | n-3 Omega fatty acids: a review of current knowledge[END_REF][START_REF] Nigam | Omega-3 Fatty Acids and Its Role in Human Health[END_REF]. PLs are also able to self-assemble in presence of water [START_REF] Lorin | Les liposomes : description, fabrication et applications[END_REF] to form liposomes which are spherical vesicles composed of one or more lipid bilayers surrounding an aqueous compartment [START_REF] Wagner | Liposome Technology for Industrial Purposes[END_REF]. Liposomes can be used as delivery systems in food, cosmetic and pharmaceutical applications [START_REF] Mahenari | Liposomes: A review of manufacturing techniques and targeting strategies[END_REF]. When formed in presence of ethanol, liposomes are called ethosomes [START_REF] Touitou | Ethosomes -novel vesicular carriers for enhanced delivery: characterization and skin penetration properties[END_REF]. In this case, the vesicles show a great potential for topical drug delivery due to the enhanced fluidity of the membrane [START_REF] Elsayed | Lipid vesicles for skin delivery of drugs: Reviewing three decades of research[END_REF][START_REF] Li | A review on phospholipids and their main applications in drug delivery systems[END_REF]. Figure 1: Structures of the principal phospholipid species Contrary to the wideness of PL properties, the PL sourcing appears quite limited. Food lecithins are mainly produced from oil degumming pastes (soy, sunflower and, more recently, rapeseed) and egg yolk. Plant press cakes have also been envisaged as PL sources with a focus on camelina because of its high amount of linolenic acid (18:3 n-3) [START_REF] Bardeau | Recovery of oils from press cakes by CO2based technology[END_REF]. Dairy products represent an interesting natural source of specific PL such as sphingomyelin SM [START_REF] Küllenberg | Health effects of dietary phospholipids[END_REF]. When looking for PLs rich in n-3 PUFA, marine sources are inevitable as can be observed with the growing demand in krill oil. Fishes and shell by-products can also be considered as raw materials of interest [START_REF] Lisichkov | Influence of operating parameters on the supercritical carbon dioxide extraction of bioactive components from common carp (Cyprinus carpio L.) viscera[END_REF]. At present, PL extraction is based on their solubility in organic solvents. Plant PLs are recovered by acetone precipitation from a paste obtained by degumming crude oil with hot acidified water [START_REF] Van Nieuwenhuyzen | Update on vegetable lecithin and phospholipid technologies[END_REF]. Eggs PLs are obtained from yolk powder that is first de-oiled by acetone before being treated with ethanol [START_REF] Rossi | Use of Lecithin and Lecithin Fractions[END_REF]. Thus, PL production is a multistep procedure that uses organic non-GRAS solvents (hexane, acetone) whose safety can be questioned. The current context of sustainable development favors the emergence of new processes that meet environmental and societal expectations by reducing polluting rejections, improving products quality and reducing energetic costs. The technology based on the use of supercritical (sc) fluids, principally scCO 2 , can be considered as an environmentally friendly alternative to conventional solvent extraction since it generates less liquid effluents, scCO 2 being gaseous under atmospheric conditions. Moreover, since supercritical technology allows for playing with different process parameters like temperature, residence time, addition of co-solvent …, it can lead to different selectivities compared to liquid solvents [START_REF] Lang | Supercritical fluid extraction in herbal and natural product studies -a practical review[END_REF][START_REF] Rai | Modeling and response surface analysis of supercritical extraction of watermelon seed oil using carbon dioxide[END_REF] and therefore produce extracts of original end-use properties.

In this context, we investigated the scCO 2 route for recovering PLs from two different by-products, namely camelina press cake and scallop by-products. As mentioned before, plant PLs are generally deriving from oil degumming. However, pressed or extracted de-oiled cakes might still contain appreciable amounts of PLs. Supercritical extraction of PLs has already been reported in literature, from canola flakes and meals [START_REF] Dunford | Extraction of phospholipids from canola with supercritical carbon dioxide and ethanol[END_REF], camelina seeds [START_REF] Belayneh | Ethanol-Modified Supercritical Carbon Dioxide Extraction of the Bioactive Lipid Components of Camelina sativa Seed[END_REF][START_REF] Belayneh | Effect of Extraction Method on the Oxidative Stability of Camelina Seed Oil Studied by Differential Scanning Calorimetry[END_REF][START_REF] Moslavac | Pressing and supercritical CO2 extraction of Camelina sativa oil[END_REF], soya [START_REF] Montanari | Selective extraction of phospholipids from soybeans with supercritical carbon dioxide and ethanol[END_REF], eggs [START_REF] Shah | Isolation of a phospholipid fraction from inedible egg[END_REF][START_REF] Navidghasemizad | Effect of enzymatic hydrolysis on the extractability of phospholipids from leftover egg yolk using supercritical CO2[END_REF], salmon roe [START_REF] Tanaka | Extraction of Phospholipids from Salmon Roe with Supercritical Carbon Dioxide and an Entrainer[END_REF] and soybean lecithin [START_REF] Teberikler | Selective extraction of phosphatidylcholine from lecithin by supercritical carbon dioxide/ethanol mixture[END_REF]. Teberikler et al. [START_REF] Teberikler | Selective extraction of phosphatidylcholine from lecithin by supercritical carbon dioxide/ethanol mixture[END_REF] have investigated the fractionation of soy lecithin using various but constant amounts of ethanol (EtOH) as co-solvent. This type of fractionation was also tested by Dunford and Temelli [START_REF] Dunford | Extraction of phospholipids from canola with supercritical carbon dioxide and ethanol[END_REF] on the acetone insoluble fraction issued from canola lecithin and by Navidghasemizad et al. on egg yolk leftovers [START_REF] Navidghasemizad | Effect of enzymatic hydrolysis on the extractability of phospholipids from leftover egg yolk using supercritical CO2[END_REF]. It seems that neutral lipids act as "inhibitors" of PL extraction and decrease the selectivity of the extraction process. To avoid this drawback, a two-step process was proposed consisting in a first de-oiling step (neutral lipid extraction with neat scCO 2 or CO 2 with small amounts of ethanol as co-solvent) followed by PL extraction using CO 2 with higher ethanol content. Neat scCO 2 allowed triglyceride extraction while PLs remained in the matrix because of their limited solubility in scCO 2 at pressure below 50 MPa. The second step using a CO 2 +cosolvent mixture enabled the extraction of PLs. Ethanol was used as co-solvent because of its food-grade status. Such protocol for PL extraction was also applied on eggs [START_REF] Shah | Isolation of a phospholipid fraction from inedible egg[END_REF], krill [START_REF] Catchpole | Perspectives on processing of high value lipids using supercritical fluids[END_REF][START_REF] Catchpole | Process for separating lipid materials[END_REF] and soybeans [START_REF] Montanari | Selective extraction of phospholipids from soybeans with supercritical carbon dioxide and ethanol[END_REF].

To the best of our knowledge, no investigations have been performed on defatted cakes with the aim of recovering PLs. Extraction of total lipids using scCO 2 was performed on canola [START_REF] Dunford | Extraction of phospholipids from canola with supercritical carbon dioxide and ethanol[END_REF][START_REF] Temelli | Extraction of Triglycerides and Phospholipids from Canola with Supercritical Carbon Dioxide and Ethanol[END_REF] or on hemp [START_REF] Aladić | Cold Pressing and Supercritical CO2 Extraction of Hemp (Cannabis sativa) Seed Oil[END_REF] press cakes, but PLs were not quantified. In the present work, supercritical extraction was carried out to recover a PL fraction devoid of neutral lipids. A two-step process was implemented using different contents of EtOH to separate neutral lipids from PLs. To optimize the fractionation, extractions were first carried out at a constant percentage of EtOH in CO 2 ranging from 0 to 30 wt %. Then, a protocol was adopted in which the percentage of EtOH was increased from 7 to 27 wt % after flowing 1 kg of fluid. The extracts obtained from camelina press cake and scallop by-products were characterized in terms of total lipid content, PL content, and fatty acid profile. The ability of the enriched PL fractions to form liposomes and ethosomes was investigated.

Materials and methods

Camelina press cakes, scallop by-products and chemicals

Camelina (Camelina sativa) cakes are meals recovered after cold pressing of seeds. Two sources of press cakes were used. Press cakes (1) were kindly provided by Bioplanete (Bram, France) and were obtained from organic seeds. Camelina press cakes (2) were provided by Iterg (Canéjan, France). Pressed cakes were stored in sealed bags at -18 °C, upon receipt. Scallop by-products were recovered from fresh wild scallops (Pecten maximus) from the Atlantic coast at a local store. The scallop wastes comprised the mantle, the gill, the liver, the digestive gland and the kidney of the shellfish, i.e. all parts except the muscle and the roe that are the edible parts of the scallop. After collection, wastes were washed with water, and then ground with a smooth blade rotating at 1 500 rpm, under vacuum (R8, Robot-coupe, Montceau-les-Mines, France). The mixture was frozen at -20 °C before zeodration (24 h, 25 °C) (Buchner Zedrys, Chalonnes sur Loire, France). The dry scallop mixture was then ground under vacuum (C.D.H 85L, Chantalat, France) before storage at -18 °C in sealed bags. Following solvents and reagents were used: ethanol 96 % and ethanol absolute (Atlantic Lab, France), CO 2 (99.95 %, Air Liquide, France), boron trifluoride 14 % in methanol (Sigma Aldrich, France), chloroform stabilised with 0.75 % ethanol (JT Braker, France), diethyl ether 99% (Sigma Aldrich), hexane 96 % (Xilab, France), methanol 99 % (Xilab, France), butyl hydroxy toluene ≥ 99 % (Sigma Aldrich, France), EDTA ≥ 99 % (Fisher, France), triphenyl phosphate ≥ 99 % (Sigma Aldrich, France), deuterated chloroform 99.8 % (Eurisotop, France), deuterated water (Eurisotop, France), deuterated methanol (Eurisotop, France), KCl 99% (Carlo Erba, France), Na 2 HPO 4 , 12 H 2 O ≥ 98 % (Fluka, Switzerland), ammonium molybdate, 4 H 2 O ≥ 99 % (Fluka, Switzerland), ascorbic acid 99 % (Sigma Aldrich, France), Mg(NO 3 ) 2 , 6 H 2 O 99 % (Fluka, Switzerland), H 2 SO 4 97.5 % (Sigma-Aldrich, France), HCl 37% (sigma-aldrich, France).

Raw material characterization

Centimetric pieces of press-cake were milled with a grinder (Moulinex, France) prior to use. The resulting size distribution was determined by sieving. The mean particle sizes of the processed samples were below 500 µm for camelina press cakes (1) and (2) and below 200 µm for scallop by-products. The moisture content was determined by thermogravimetry using an infrared heating balance operating at 105 °C (MB45, Ohaus, Nänikon, Switzerland). Raw materials were characterized in terms of total lipid (y lipids load ) using Folch method [START_REF] Folch | A Simple Method for the Isolation and Purification of Total Lipides from Animal Tissues[END_REF] and total phospholipid (y PL load ) contents using Ames protocol [START_REF] Ames | Assay of inorganic phosphate, total phosphate and phosphatases[END_REF].

Extraction protocols using CO 2 with and without EtOH

Extractions were performed using a home-made equipment consisting in a 0.1 L cylindrical vessel (TOP Industrie, Vaux-le-Pénil, France, inner diameter of 3 cm), two Gilson pumps (Model 305, Villiers le Bel, France) for CO 2 and EtOH delivery, and various stop valves, pressure and temperature sensors. The experimental setup is presented on Figure 2. The CO 2 flow was measured by a gas flowmeter after its expansion, whereas the co-solvent flow was measured by monitoring the consumption from a graduated intake flask. The extractor was loaded, from bottom to top, with a 1 cm layer of glass beads followed by successive bilayers of raw material (2 cm) and glass beads (0.5 cm) to avoid material caking and to promote a homogeneous radial distribution of fluids. A load of 54 ± 4 g was processed for camelina press cakes (1) and (2) and 35 ± 2 g for scallop by-products. A stainless steel frit of 5 µm porosity and a filter paper were placed at the bottom and the top of the vessel, respectively, to keep particles from flowing out of the vessel. The last layer of the matrix bed was of glass beads as an additional precaution to avoid particles carry over during extraction. The vessel temperature was regulated by a heating mantle (Watlow, Asnières-sur-Seine France) and monitored by a K-thermocouple. At the exit of the extractor, the stream flew through a metering valve (Autoclave, Rantigny France) into a home-made cyclonic separator, whose collector at the bottom was immersed in ice to avoid ethanol carry over. The collector was emptied regularly to collect the different fractions. Both temperature and pressure were kept constant at 45 °C and 25 MPa irrespective of the procedure and of the matrix.

According to the P-T-x bubble point curves [START_REF] Secuianu | Phase behavior for carbon dioxide+ethanol system: Experimental measurements and modeling with a cubic equation of state[END_REF], the pressure of 25 MPa is far above the critical pressure of the CO2-EtOH mixture at 45 °C, therefore the extracting {CO 2 : EtOH} mixture was monophasic whatever the ethanol percentage.

Figure 2 : Experimental setup

Two operating conditions were adopted. In protocol 1, after a static contact time of 30 min between pure scCO 2 and the material, a steady flow of CO 2 :EtOH mixture was delivered into the vessel for at least 5x60 min. Different EtOH contents in the extracting fluid, ranging from 0 to 30 wt %, were tested. In order to eliminate EtOH from the matrix, pure scCO 2 was then delivered for 60 min at a flow of 6.4  0.5 g/min. This protocol 1 aimed at the recovery in a single step of a mixture containing neutral lipids and PLs. In protocol 2, after a static time of 30 min, a steady flow of CO 2 :EtOH mixture at 7 wt % of EtOH was delivered into the vessel for 2 x 60 min (fractions F0, F1). The flow rate of EtOH was then increased to reach a fluid composition of 27 wt %. Fractions were collected every 20 min (fractions F2, F3, F4, F5). Pure CO 2 was then delivered for 60 min to eliminate ethanol from the matrix. This protocol 2 aimed at the recovery of PL fractions depleted in neutral lipids.

When standard deviations are reported in data, the extractions were performed at least in duplicate.

Extract characterization

Since extractions were carried out by flowing CO 2 :EtOH mixtures, fractions were recovered as ethanolic samples. The complete removal of the solvent was ensured by drying the sample under a stream of nitrogen until a constant mass giving the total extracted amount (M extract ) of the corresponding fraction. The amount of total lipids (m total lipids ) was obtained according to the procedure described by Folch et al. [START_REF] Folch | A Simple Method for the Isolation and Purification of Total Lipides from Animal Tissues[END_REF]. The PL content and species in the extracts were quantified and identified by phosphorus nuclear magnetic resonance ( 31 P NMR) according to Cansell et al. [START_REF] Cansell | Phospholipid Profiles of Oleaginous Pressed Cakes Using NMR and Gas Chromatography[END_REF], in which chemical shifts were attributed according to literature [START_REF] Kaffarnik | Two-Dimensional 31P,1H NMR Spectroscopic Profiling of Phospholipids in Cheese and Fish[END_REF][START_REF] Larijani | Phospholipid identification and quantification of membrane vesicle subfractions by 31P-1H two-dimensional nuclear magnetic resonance[END_REF]. 31 P NMR was conducted directly on extracts for camelina experiments and on total lipids obtained from extracts by Folch procedure for scallop.

The matrices after CO 2 treatment were analyzed for their mass (M residue ), their residual lipid content (y lipids residue , Folch method [START_REF] Folch | A Simple Method for the Isolation and Purification of Total Lipides from Animal Tissues[END_REF]) and their residual phospholipid content (y PL residue , Ames method [START_REF] Ames | Assay of inorganic phosphate, total phosphate and phosphatases[END_REF]).

From these data, different parameters related to extraction efficiency were calculated:

-the global extraction yield [Eq. 1] 𝑔𝑙𝑜𝑏𝑎𝑙 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑦𝑖𝑒𝑙𝑑 (%) = 𝑀 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 * 100 PLs from total lipids were separated by thin layer chromatography (TLC, glass plates 20x20 cm precoated with silica gel 60H, Merck Millipore; Burlington, MA, United States of America) using a solvent mixture composed of hexane-diethyl ether-formic acid (75:35:1, v/v/v) and were extracted from the silica gel with chloroform-methanol (2:1, v/v) according to Cansell et al. [START_REF] Cansell | Phospholipid Profiles of Oleaginous Pressed Cakes Using NMR and Gas Chromatography[END_REF]. The fatty acids of the total lipid extracts and of the PL fractions were quantified by gas chromatography (GC) after transmethylation. Transmethylation was performed in presence of boron trifluoride-methanol complex [START_REF] Morrison | Preparation of fatty acid methyl esters and dimethylacetals from lipids with boron fluoride-methanol[END_REF]. The resulting fatty acid methyl esters (FAME) were subjected to GC on a BPX 70 capillary column (60 m long, 0.25 μm film, 0.25 mm i.d., SGE, nitrogen as carrier gas, split ratio of 1:80). The GC system comprised a gas chromatograph (GC 2010 plus, Shimadzu, Kyoto, Japan) provided with a flame ionization detector maintained at 280 °C. The injector was at 250 °C. The column temperature was increased from 150 °C to 200 °C (1.3 °C/min) held at 200 °C for 30 min, increased from 200 °C to 225 °C (20 °C/min), and finally held at 225 °C for 30 min. Data were collected and integrated by a GC solution v2.4 integration system (Shimadzu). A mix of 37 FAME (Sigma-Aldrich, Saint Quentin Fallavier, France) was used as a standard for calibration.

Formulation and characterization of liposomes and ethosomes

Liposomes were produced from the extracts or from a soya lecithin (Lecisoya P97, Novastell, Etrépagny, France) by the film hydration method [START_REF] Walde | Enzymes inside lipid vesicles: preparation, reactivity and applications[END_REF]. A known amount of PLs (either lecithin or PLs from the extracts) dissolved in ethanol was introduced into a round bottom flask of 50 mL. The solvent was removed under vacuum using a rotative evaporator. The PL film was then hydrated at 30 °C under magnetic stirring by adding deionized water at a flow rate of 4.1 ± 0.7 mL.min -1 until a final PL concentration of 1 mg.mL -1 was reached. The temperature was controlled by immersing the flask into a water bath at 30 °C.

Ethosomes were prepared into a round bottom flask of 50 mL, in presence of ethanol using the coacervation method based on water addition into an ethanolic solution of PLs [START_REF] Walde | Enzymes inside lipid vesicles: preparation, reactivity and applications[END_REF]. Deionized water was added, under stirring at a flow rate of 4.1 ± 0.7 mL.min -1 to 1 mL of lecithin ethanolic solution or the extract (at 5 mg PL.mL -1 ) until a final PL concentration of 1 mg.mL -1 was reached. The temperature was controlled by immersing the flask into a water bath at 30 °C.

The obtained liposomes and ethosomes were analyzed for their mean size diameter via Dynamic Light Scattering (Vasco, Cordouan, France). Data were treated using NanoQ software (Cordouan, France) through Padé-Laplace algorithm. The following refractive indexes were used: 1.333, and 1.344 for pure water and 20 % EtOH:water mix, respectively. Viscosity was set at 0.888 cp and 1.596 cp for pure water and 20 % EtOH:water mix, respectively.

Statistical analysis

Data were expressed as mean values with standard deviation (mean ± SD).

Results and discussion

Raw material composition

The main chemical characteristics of the raw materials are presented in Table 1. For the two sources of press cakes, the moisture content was in agreement with the value commonly reported in the literature (<12 % [START_REF] Laisney | Processes fot obtaining oils and fats[END_REF]). The total lipid content was also in the expected range for cold press meals (11-25 % [43]). For camelina, to the best of our knowledge, no data concerning the PL content are available. Only one study performed on Camelina seeds provided the proportion of polar lipids (including PLs and glycolipids) in different solvent extracts [START_REF] Mansour | Characterization of Oilseed Lipids from "DHA-Producing Camelina sativa": A New Transformed Land Plant Containing Long-Chain Omega-3 Oils[END_REF]. For scallop by-products, the moisture content was largely reduced by the zeodration process. However, the value of 9.4 % may appear higher than generally expected for zeodrated materials. It can be hypothesized that water was reabsorbed by this highly hydroscopic matrix during storage [45]. The total lipid content in scallop by-products was slightly higher than previously reported whereas the PL content was in the same range [START_REF] Subra-Paternault | Extraction of phospholipids from scallop by-product using supercritical CO2/alcohol mixtures[END_REF]. The PL profile of the raw materials is given in Table 2. The two camelina press cakes did not have the same PL profile: a higher proportion of PC and a lower amount of PA were observed in press cake [START_REF] Sehl | In vitro lipolysis and lymphatic absorption of n-3 long-chain polyunsaturated fatty acids in the rat: influence of the molecular lipid species as carrier[END_REF]. The PL profile of press cake (2) was close to that of seeds described in the literature (79 mol % PC + PI, 5 mol % PA) [START_REF] Mansour | Characterization of Oilseed Lipids from "DHA-Producing Camelina sativa": A New Transformed Land Plant Containing Long-Chain Omega-3 Oils[END_REF]. The high amount of PA detected in press cake (1) could be due to PL alteration during processing and/or storage. Indeed, according to Testerink and Munnik [START_REF] Testerink | Molecular, cellular, and physiological responses to phosphatidic acid formation in plants[END_REF], phosphatidic acid can be produced by enzymatic hydrolysis of the polar head of PLs. The PL composition in scallop by-products was more complex with the occurrence of various PLs expected for this type of source, namely the lyso and the plasmalogen forms. It is worth noting that the high amount in phosphonolipids is a characteristic feature of marine invertebrate species such as mollusks (scallop, oyster…) [START_REF] Mukhamedova | Natural Phosphonolipids[END_REF].

Raw material

Phospholipid Regarding the fatty acid (FA) composition of the total lipids (Table 3), the two camelina press cakes showed similar profiles with more that 70 % of total FA represented by 18 carbon chains (oleic acid,18:1, linoleic acid, 18:2 n-6 and -linolenic acid 18:3 n-3). The high amount of 11-eicosenoic acid (20:1) (>10 %) is also noticeable. FA of the PLs were also characterized by a high proportion of C18 fatty acids, but they comprised half as much -linolenic acid (18:3 n-3) as total lipids, counterbalanced by a higher proportion of oleic acid (18:1) (Table 3). PLs also contained more palmitic acid (16:0), and less 11-eicosenoic acid (20:1) than total lipids. These FA profiles were in agreement with those reported in literature for different lipid fractions (including PLs) of camelina seeds [START_REF] Moslavac | Pressing and supercritical CO2 extraction of Camelina sativa oil[END_REF][START_REF] Mansour | Characterization of Oilseed Lipids from "DHA-Producing Camelina sativa": A New Transformed Land Plant Containing Long-Chain Omega-3 Oils[END_REF][START_REF] Berti | Camelina uses, genetics, genomics, production, and management[END_REF][START_REF] Krzyżaniak | Yield and seed composition of 10 spring camelina genotypes cultivated in the temperate climate of Central Europe[END_REF][START_REF] Rodríguez-Rodríguez | Characterization of the morphological changes and fatty acid profile of developing Camelina sativa seeds[END_REF]. The enrichment in saturated fatty acids (SFA) and the depletion in n-3 PUFAs observed for camelina press cakes PLs were also reported for other plant press cakes PLs [START_REF] Cansell | Phospholipid Profiles of Oleaginous Pressed Cakes Using NMR and Gas Chromatography[END_REF]. Both total lipids and PLs in scallop by-products exhibited a large variety of SFAs and PUFAs (Table 3). In particular, the presence of long chain PUFAs, i.e. EPA (20:5 n-3) and DHA (22:6 n-3) was characteristic of marine sources. FA distribution in total lipids and in PLs was quite similar except for EPA and DHA whose proportions were inverted (20 % and 12 % EPA and DHA, respectively, in total lipids vs 10 % and 22 % EPA and DHA, respectively, in PLs). Any direct comparison of these data with the literature is questionable as our matrix was a mix of various organs. A great variability in the FA profiles of the digestive gland is for instance generally observed depending on the fishery season (i.e. 20-40 % 16:0, 5-8 % 18:0, 2-25 % 20:5, 1-7 % 22:6 for triglycerides and 9-35 % 16:0, 7-11 % 18:0, 1-13 % 20:5, 1-13 % 22:6 for PLs) [START_REF] Pazos | Seasonal changes in lipid classes and fatty acid composition in the digestive gland of Pecten maximus[END_REF]. Nevertheless, the values obtained here were consistent with those measured in various organs of Chilean scallop (i.e. 14-22 % 16:0, 2-7 % 18:0, 8-18 % 20:5, 10-26 % 22:6 for total lipids and ~14 % 16:0, ~6 % 18:0, ~13 % 20:5, 14-22 % 22:6 for PLs) [START_REF] Caers | The Chilean scallop Argopecten purpuratus (Lamarck, 1819): I. fatty acid composition and lipid content of six organs[END_REF]. As a general point, as expected, the plant and marine sources used in this work both exhibited a high percentage of n-3 fatty acids but in the form of -linolenic acid 18:3 n-3 in camelina and as longer chains in scallop by-products. The difference of FA profiles for total lipids and PLs was more pronounced in the plant source than in the animal source.

Fatty acid

Camelina press cake ( The choice of conditions was driven by considering the trends of lipid solubility within our setup limitations and exploring conditions that enabled to describe the effect of increasing ethanol concentration over a large range. The addition of cosolvent as EtOH to the nonpolar CO 2 is a common strategy to extract polar species though percentage of co-solvent is usually set below 20% [START_REF] De Melo | Supercritical fluid extraction of vegetable matrices: Applications, trends and future perspectives of a convincing green technology[END_REF]. In this work, the ethanol percentage reached 27 wt% in order to increase significantly the polarity of the extracting mixture, a modification of polarity that enabled the extraction of polar species such as phospholipids [START_REF] Dunford | Extraction of phospholipids from canola with supercritical carbon dioxide and ethanol[END_REF][START_REF] Belayneh | Ethanol-Modified Supercritical Carbon Dioxide Extraction of the Bioactive Lipid Components of Camelina sativa Seed[END_REF][START_REF] Catchpole | Perspectives on processing of high value lipids using supercritical fluids[END_REF][START_REF] Subra-Paternault | Extraction of phospholipids from scallop by-product using supercritical CO2/alcohol mixtures[END_REF]. Investigations on the effects of pressure and temperature on seed oil extraction [START_REF] Tomita | Extraction of rice bran oil by supercritical carbon dioxide and solubility consideration[END_REF][START_REF] Hassan | Simple fractionation through the supercritical carbon dioxide extraction of palm kernel oil[END_REF] have pointed out a 30-40 MPa crossover pressure above which the extraction was improved by an increasing temperature. At pressures below that values, the extraction efficiency is at best independent of temperature or it decreases upon a raising temperature. Due to the pressure limits of the setup that was hence below the cross -over pressure of vegetable oils, a temperature of 45°C was selected. A static time before the dynamic extraction was decided because it is frequently reported in literature [START_REF] Belayneh | Ethanol-Modified Supercritical Carbon Dioxide Extraction of the Bioactive Lipid Components of Camelina sativa Seed[END_REF][START_REF] Toribio | Sequential Supercritical Fluid Extraction of Lipids. Application to the Obtention of the Fatty Acid Profile of Some Genetically Modified Varieties of Corn[END_REF]. The flow rate was set by looking for a low Reynolds number to minimize axial dispersion in the flow pattern while ensuring the transport of the solutes out the vessel for duration higher than the mean residence time. A technical limitation of the metering valve upon the increased velocity of the expanding fluid was also considered

The course of extraction from camelina press cake (1) and scallop by-products at different but constant EtOH co-solvent percentages are presented on Figure 3 (A and B respectively). For camelina, the cumulated extracted mass normalized by the load increased with the quantity of extracting fluid according to a typical two-step profile (Figure 3 A). The first fast period, after which about 80 % of the extractable matter was recovered, required less than 500 g of fluid when the EtOH percentages were higher than 7 % and about 800 g of fluid at low EtOH contents, between 0 and 2 %. The first regime is generally associated with a rate of extraction limited by solubility [START_REF] De Melo | Experimental and modeling study of supercritical CO2 extraction of Quercus cerris cork: Influence of ethanol and particle size on extraction kinetics and selectivity to friedelin[END_REF]. This first stage was followed by a slower regime where extraction was mostly limited by mass transfer [START_REF] Zhao | A parametric study of supercritical carbon dioxide extraction of oil from Moringa oleifera seeds using a response surface methodology[END_REF].

Except for the 0 % EtOH case, each curve reached a plateau indicating complete extraction. The total extracted mass was in the same range for all extracting conditions (~10 g extract /100 g load ) and only the extraction rate was different, the higher the ethanol percentage the higher the extraction rate. As the percentage of cosolvent increases, the lipid solubility increases shortening therefore the extraction time [START_REF] Belayneh | Ethanol-Modified Supercritical Carbon Dioxide Extraction of the Bioactive Lipid Components of Camelina sativa Seed[END_REF][START_REF] Güçlü-Üstündağ | Solubility behavior of ternary systems of lipids, cosolvents and supercritical carbon dioxide and processing aspects[END_REF]. As suggested by Belayneh et al. [START_REF] Belayneh | Ethanol-Modified Supercritical Carbon Dioxide Extraction of the Bioactive Lipid Components of Camelina sativa Seed[END_REF] dealing with CO 2 Ethanol extraction from camelina seeds, the presence of polar lipids is not pronounced in the earlier stage due to the high content of easily accessible nonpolar lipids. After the nonpolar was removed in the linear period, the fluid phase is able to extract more polar compounds. However, similar to our results, the increased cosolvent percentage did not lead to a significant difference of the final yield. It is also worth noting that studying the effect of methanol percentage on the SFE of corn lipids, Toribio et al. [START_REF] Toribio | Sequential Supercritical Fluid Extraction of Lipids. Application to the Obtention of the Fatty Acid Profile of Some Genetically Modified Varieties of Corn[END_REF] even evidenced a decrease of the extraction efficiency when the cosolvent content increased above 15 v/v%. For scallop by-products, the extraction profiles also exhibited a two-step shape (Figure 3 B), however, the total extracted mass was more dependent on the percentage of ethanol used, a trend also observed by Tanaka [START_REF] Tanaka | Extraction of Phospholipids from Salmon Roe with Supercritical Carbon Dioxide and an Entrainer[END_REF] when extracting salmon roe. This can be seen as a sign of more polar lipids and non-lipidic compounds extracted.

A B Figure 3: Extraction kinetics from camelina press cake (1) (A) and scallop by-products (B) at various constant ethanol percentages (one-step process, Protocol 1). The curves are lines to guide the eyes.

The parameters characterizing the extraction efficiency are reported in Table 4. For camelina presscake, the extraction with neat scCO 2 led to a global extraction yield of 8.8%, in the same range as that found in the presence of EtOH, irrespectively of the proportion used. In contrast, neat scCO 2 was the worst performing fluid in terms of lipid extraction yield (58 %). In presence of 2 % EtOH, the lipid extraction yield increased by 45 % but further addition of EtOH had no effect. The increase in neutral lipid extraction without co-extraction of PLs upon addition of small amounts of EtOH to CO 2 (up to 5 wt %) has already been reported [START_REF] Catchpole | The extraction and fractionation of specialty lipids using near critical fluids[END_REF]. Regarding PLs, let first mention that the PL extraction yields obtained at low EtOH percentage (0 -7 %) were not calculated since the residue had a PL content in the range of the initial PL load (results not shown). At higher EtOH percentages, the measured differences were meaningful so the yields were calculated. Data shown that PL extraction was effective thanks to a modification of the solvent polarity favoring the extraction of more polar compounds [START_REF] Catchpole | The extraction and fractionation of specialty lipids using near critical fluids[END_REF][START_REF] Kuk | Supercritical carbon dioxide extraction of cottonseed with co-solvents[END_REF] due to an increased PL solubility [START_REF] Cocero | Supercritical fluid extraction of sunflower seed oil with CO2-ethanol mixtures[END_REF]. At 30 % ethanol, ~8 mg PLs/g load for camelina press-cake (1) were extracted. This value is slightly lower than the 12 mg/g calculated from Sun's study on canola [START_REF] Sun | Comparison of Canola Meals Obtained with Conventional Methods and Supercritical CO2 with and without Ethanol[END_REF]. This slight discrepancy may be due to the different extraction conditions (70 °C, 40 MPa for 6 h with CO 2 and 20 % EtOH) and / or to the nature of the raw material (canola vs camelina, particle size of the raw material). For scallop by-products, the global extraction yield almost double when the EtOH percentage increased from 7 to 15 (Table 4). But it did not vary further when 30% EtOH was used. For scallop by products, as for camelina, the highest PL extraction yield was obtained for the higher percentage of co-solvent, suggesting that the solvent polarity was the more influencing parameter rather than the specific PL species present in these raw materials. Standard deviation corresponds to at least duplicated extractions Table 4: Extraction efficiency for camelina press cake (1) and for scallop by-products following a onestep process (protocol 1) For extractions carried out with 15 and 30 % EtOH, different fractions were collected over time and their global chemical compositions are provided in Table 5. For camelina, since extracts were recovered as oily fractions after ethanol evaporation, only PLs were quantified. For scallop by-products, the extracts were polyphasic systems which prevented direct PL quantification. The fraction was extracted by Folch procedure to provide the total lipids content, while the non-lipidic fraction was determined by difference. Whatever the matrix, no trend of preferential extraction of lipids, PLs or other compounds could be highlighted. In the case of scallop by-products, for which extracts were thoroughly characterized, even if a PL-enriched fraction could be obtained, the proportion of non-lipid compounds also increased with the ethanol percentage, as already observed by Subra-Paternault [START_REF] Subra-Paternault | Extraction of phospholipids from scallop by-product using supercritical CO2/alcohol mixtures[END_REF]. Thus, using a constant EtOH percentage in the extracting fluid did not allow the recovery of a high purity PL fraction. This is why a second protocol based on a two steps process was implemented. For scallop, the percentages are the sum of phospholipid content (in parenthesis) and phosphonolipids. nd: not determined. a Phospholipids were quantified by 31 P NMR; b The content of non-lipid compounds in the non-lipid phase was determined by weight. Table 5: Composition of fractions (F1 to F4) during the extraction from camelina press cake (1) and scallop by-products in a one-step process (protocol 1).
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Supercritical extraction as a two-step process (Protocol 2).

In protocol 2, a first step was conducted with CO 2 :EtOH at 7 % EtOH for 120 min leading to the collection of two fractions F0 and F1 for 60 min each followed by a second step conducted with CO 2 :EtOH at 27 % EtOH for at least 80 min (4 fractions, F2 to F5, of 20 min each). A process based on two sequential steps has already been described in literature [START_REF] Aro | The characterisation of oat lipids produced by supercritical fluid technologies[END_REF]. It was a discontinuous process using neat CO 2 in the first step and a depressurization between each step. In this work, a continuous procedure without intermediate depressurization was applied like as described for PL extraction from egg yolk leftovers [START_REF] Navidghasemizad | Effect of enzymatic hydrolysis on the extractability of phospholipids from leftover egg yolk using supercritical CO2[END_REF]. The experiments were performed on the two camelina press cakes and scallops. Whatever the initial raw material, the extraction profiles (Figure 4) showed a clear resumption of the extraction efficiency upon the EtOH percentage switch as observed in [START_REF] Navidghasemizad | Effect of enzymatic hydrolysis on the extractability of phospholipids from leftover egg yolk using supercritical CO2[END_REF] (Figure 4). This was even clearer for scallop by-products in agreement with what already observed in protocol 1. For camelina, the extraction of press cake (2) gave slightly lower extract amounts than press cake (1), which may be explained by the difference in lipids and PL composition of the raw materials (Table 1, Table 2).

The effect of absolute EtOH and of loaded mass were evaluated on Press-cake (2) (Figure 4). The use of absolute EtOH instead of EtOH 96 % did not influence the quantity of extract. The decrease of the loaded mass from 50 to 16 g (sample labelled 1/3 m/v) decreased the efficiency of the first step (smaller value of cumulated mass of extract for 100 g load at 800 g of CO 2 ), but led to a similar final extraction yield (~10 g extract / 100 g load). For all experiments conducted with camelina press cakes using protocol 2 (Table 6), the global extraction yields were similar (around 10 %) and close to those obtained with protocol 1 using EtOH (Table 4). In the case of scallop by-products, the extraction yield obtained via protocol 2 was similar to that obtained via protocol 1 with 30 % EtOH. Regarding the lipid extraction efficiency, the values in the range of 84 % (scallop) to 91 % (camelina press cakes) indicated that more lipids were extracted than in protocol 1. The PL extraction yields and the PL contents were between those obtained using 15 and 30 % EtOH in protocol 1. The fact that the PL extraction yield from press cake (2) was higher than that of press cake (1) may result from the presence of more polar PL species, especially PA in press cake [START_REF]Codex Alimentarius, Class names and the international numbering for food additives[END_REF]. Replacing EtOH 96 % by absolute ethanol led to a lower lipid extraction yield (Table 6), suggesting a positive role of water polarity in the extracting fluid. The influence of water was even more pronounced on PL extraction, with a yield that increased from 56 to 76 % when absolute ethanol was replaced by 96 % EtOH. The loaded mass did not impact the different yields ( The analysis of the fractions obtained during the extraction of camelina press cake (1) revealed the absence of PLs in the two fractions obtained during the first extraction stage at 7 % EtOH whereas they were present in the first fraction of the second stage (i.e. as soon as the EtOH percentage was increased) (Table 7). For the other raw materials, only analysis of F2 and F3 fractions were carried out. Whatever the matrix, these fractions were relatively rich in PLs. Press cake (2) led to a higher proportion of PLs in F2 and F3 fractions compared to press cake (1), in agreement with the higher global PL extraction yield (Table 6, Table 7). A decrease of the loaded mass negatively impacted the PL recovery especially in fraction F3. As the total lipid and PL extraction yields were similar, irrespectively of the load (Table 6), this result could be explained by a dilution of PLs by other polar components. Overall, the two-step method was successful in providing fractions with a high PL content (around 40 %, fraction F2), irrespectively of the initial raw materials. Moreover, it allowed to recover more PLs in mass. Indeed, for two fractions from scallop by-product having similar PL contents of ~38 % (fraction F3 in protocol 1 15 % EtOH (Table 5) and fraction F2 in protocol 2 (Table 7)), the fraction from protocol 2 contained almost eight times as much PLs as that from protocol 1 (315 mg PL in fraction F2 obtained with protocol 2 and 44 mg in fraction F3 obtained with protocol 1). 2), and scallop by-products obtained in a two-step process (protocol 2).
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Formation and characterization of liposomes and ethosomes issued from the supercritical extracts.

PLs can self-assemble into bilayers due to their amphiphile structure. However, not all PL species is able to lead to curved structures [START_REF] Israelachvili | Physical principles of membrane organization[END_REF]. For example, PC leads to flexible bilayers allowing the formation of vesicles while PE forms planar membranes. Thus, the PL profile of the extracts were worth investigating to ensure the possibility of liposome formation. Table 8 presents the PL species composition of the selected extracts. In the extract from camelina press cake (1), the proportions of PA and PI were drastically decreased compared to the raw cake profile (Table 2) while the PC/PE ratio remained almost the same (PC/PE = 1.42 and 1.33, in the raw material and in the fraction). In the extract from camelina press cake (2), only PI proportion was lower than that in the raw cake profile (Table 2). Once again, the PC/PE ratio did not vary (PC/PE = 2.78 and 2.96, in the raw material and in the fraction). This suggested that PL extraction from camelina raw material mainly concerned zwitterionic PLs while charged PLs such as PA and PI remained in the matrix. These results are coherent with the different solubilities of PLs species according to their polar head group with PC and PE being highly soluble in CO 2 :EtOH pressurized mixtures and PI exhibiting a very low solubility [START_REF] Catchpole | Perspectives on processing of high value lipids using supercritical fluids[END_REF][START_REF] Catchpole | The extraction and fractionation of specialty lipids using near critical fluids[END_REF]. Due to the complex composition in polar lipids of the scallop by-products, conclusions were not so straightforward. Compared with raw material (Table 2), the scallop extract seemed to be depleted of phosphonolipids and enriched in PE. Nevertheless, each extract being characterized by a significative amount of PC should be suitable for liposome preparation.

Liposomes are colloidal particles that can be used in various practical domains, most notably in drug delivery applications [START_REF] Keller | Liposomes in nutrition[END_REF][START_REF] Lasic | Novel applications of liposomes[END_REF]. Liposomes can be produced by a variety of methods depending on the targeted size and lamellarity [START_REF] Walde | Enzymes inside lipid vesicles: preparation, reactivity and applications[END_REF][START_REF] Lasic | Novel applications of liposomes[END_REF]. In this work, liposomes were produced by the film hydration method using a rotating system to favor the liposome formation and controlled water-addition to favor size homogenization. The F2 extracts produced by protocol 2 from camelina press cakes (1) and ( 2) and from scallop by-products were used for liposome formulation. A commercial soya lecithin was used as a reference. The PL profiles of these samples are given in Values in parenthesis are the content of plasmalogen forms of the corresponding phospholipids. PC: phosphatidylcholine; LPC: lysophosphatidylcholine; PI: phosphatidylinositol; PE: phosphatidylethalonamine; PA: phosphatidic acid; PS: phosphatidylserine; p: plasmalogen; PnPL: phosphonolipids Table 8. The liposomes obtained with lecithin exhibited mean diameters around ~450 µm (Table 9). Interestingly, liposomes could be obtained from the extracts despite their low PL content (Table 7). This indicated that the non-PL compounds present in the extracts did not prevent PL self-assembling. Liposomes exhibited slightly higher mean diameter than those obtained with the commercial lecithin. Ethosomes are a particular class of liposomes that incorporate ethanol in the lipid membrane [START_REF] Touitou | Ethosomes -novel vesicular carriers for enhanced delivery: characterization and skin penetration properties[END_REF]. They have been designed in order to favor transdermal drug delivery owing to their increased bilayer flexibility [START_REF] Touitou | Ethosomes -novel vesicular carriers for enhanced delivery: characterization and skin penetration properties[END_REF][START_REF] El Maghraby | Liposomes and skin: From drug delivery to model membranes[END_REF]. The ethosomes based on soya lecithin were characterized by a large vesicle size ( ~560 nm) that is higher than that reported by Touitou [START_REF] Touitou | Ethosomes -novel vesicular carriers for enhanced delivery: characterization and skin penetration properties[END_REF] or Elsayed [START_REF] Elsayed | Deformable liposomes and ethosomes: Mechanism of enhanced skin delivery[END_REF] although we used a similar ratio of ethanol (20 %) and a similar nature of PL. The difference may come from the preparation method. In our case, ethosomes were directly formed with the ethanolic extracts obtained during the process or lecithin dissolved at proper concentration in ethanol. Ethosomes formed with camelina and scallop extracts had mean diameter close to 300 nm and 200 nm respectively (Table 9). As already reported, ethosomes are generally characterized by a lower average size than conventional liposomes formulated in water at the same PL content [START_REF] Touitou | Ethosomes -novel vesicular carriers for enhanced delivery: characterization and skin penetration properties[END_REF]. So, despite the complex composition of the supercritical extracts, similar trends than for pure PL was observed in this work. Camelina press cakes and scallop non-edible parts were chosen as potential sources of PL-rich in n-3 PUFA, with more than 15 % -linolenic acid for camelina press cakes and more than 30 % EPA+DHA for scallop by-products. Lipid extraction was conducted using pressurized CO 2 :ethanol mixtures in order to replace non-GRAS organic solvents as hexane and acetone by a more environmental-friendly solvent. A twostep process involving 30 % EtOH as co-solvent was efficient to recover PL-enriched fractions with nearly 90 % of the PLs. Due to the solvent selectivity, the extracts of interest were rich enough in PC to ensure PLs self-assembly into liposomes or ethosomes. Table of captions: Figure 1: Structures of the principal phospholipid species Figure 2: Experimental setup Figure 3: Extraction kinetics from camelina press cake (1) (A) and scallop by-products (B) at various constant ethanol percentages (one-step process, Protocol 1). The curves are lines to guide the eyes. Figure 4: Extraction kinetics of camelina press cakes (1) and ( 2) and of scallop by-products in a two-step process (protocol 2). Lines for eyes only. Table 1: Chemical composition of the two camelina press cakes and of scallop by-products Table 2: Phospholipid profile of the two camelina press cakes and of the scallop by-products. Table 3: Fatty acid profiles of total lipids and phospholipids of the two camelina press cakes and scallop byproducts Table 4: Extraction efficiency for camelina press cake (1) and for scallop by-products following a one-step process (protocol 1) Table 5: Composition of fractions (F1 to F4) during the extraction from camelina press cake (1) and scallop by-products in a one-step process (protocol 1). Table 6: Extraction efficiency for camelina press cakes (1) and (2), and for scallop by-products in a two-step process (protocol 2) Table 7: Phospholipid content of fractions (F1 to F4) during the extraction from camelina press cakes(1) and (2), and scallop by-products obtained in a two-step process (protocol 2). Table 8: Phospholipid profiles of the extracts used for liposome and ethosome formation (supercritical extracts are F2 samples obtained with protocol 2) Table 9: Mean diameters of liposomes and ethosomes prepared from the F2 supercritical extracts or commercial lecithin
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  100 where M load is the quantity of material initially introduced in the reactor. -the lipid extraction yield [Eq. 2] 𝑙𝑖𝑝𝑖𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑦𝑖𝑒𝑙𝑑 (%) = 𝑀 𝑙𝑜𝑎𝑑 * 𝑦 𝑙𝑖𝑝𝑖𝑑𝑠 𝑙𝑜𝑎𝑑 -𝑀 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 * 𝑦 𝑙𝑖𝑝𝑖𝑑𝑠 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 𝑀 𝑙𝑜𝑎𝑑 * 𝑦 𝑙𝑖𝑝𝑖𝑑𝑠 𝑙𝑜𝑎𝑑 * 100 where y lipids load is the total lipid content in the raw material loaded. -The phospholipid extraction yield [Eq. 3] 𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑙𝑖𝑝𝑖𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑦𝑖𝑒𝑙𝑑 (%) = 𝑀 𝑙𝑜𝑎𝑑 * 𝑦 𝑃𝐿 𝑙𝑜𝑎𝑑 -𝑀 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 * 𝑦 𝑃𝐿 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 𝑀 𝑙𝑜𝑎𝑑 * 𝑦 𝑃𝐿 𝑙𝑜𝑎𝑑 * 100 where y PL load is the total phospholipid content in the raw material loaded. -The extract phospholipid content [Eq. 4] 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑝ℎ𝑜𝑠𝑝ℎ𝑜𝑙𝑖𝑝𝑖𝑑 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 ( 𝑔 100𝑔) = 𝑀 𝑙𝑜𝑎𝑑 * 𝑦 𝑃𝐿 𝑙𝑜𝑎𝑑 -𝑀 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 * 𝑦 𝑃𝐿 𝑟𝑒𝑠𝑖𝑑𝑢𝑒
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 4 Figure 4: Extraction kinetics of camelina press cakes (1) and (2) and of scallop by-products in a twostep process (protocol 2). Lines for eyes only.

  

Table 1 : Chemical composition of the two camelina press cakes and of scallop by-products

 1 

	Raw material	Moisture content	Total lipid content	Phospholipid content
		%wb	%db	%db (%TL)
	Camelina press cake (1) 9.3 ± 0.8	12.4 ± 1.0	1.2 ± 0.3 (9.3 ± 2.4)
	Camelina press cake (2) 5.3 ± 0.2	10.7 ± 1.7	1.0 ± 0.2 (9.2 ± 1.8)
	Scallop by-products	9.4 ± 0.8	14.2 ± 0.9	1.6 ± 0.2 (11.1 ± 1.8)
	%wb = percentage on wet basis; %db = percentage in dry basis, %TL = percentage of total lipids	

Table 2 : Phospholipid profile of the two camelina press cakes and of the scallop by-products.

 2 

			species (mol %)				
		PC	LPC	PI	PE	PA	PS	PnPL	Others
		(PCp)	(LPCp)		(PEp)			
	Camelina	17		24	12	42			5
	press cake (1)							
	Camelina	50		23	18	6			3
	press cake (2)							
	Scallop by-	15 (13) 9 (2)	2	8 (11)	4	8	18	10
	products							
	Values in parenthesis are the content of plasmalogen forms of the corresponding phospholipids.
	PC: phosphatidylcholine; LPC: lysophosphatidylcholine; PI: phosphatidylinositol; PE:
	phosphatidylethalonamine; PA: phosphatidic acid; PS: phosphatidylserine; p: plasmalogen; PnPL:
	phosphonolipids							

Table 3 : Fatty acid profiles of total lipids and phospholipids of the two camelina press cakes and scallop by

 3 

		1)	Camelina press cake (2)	Scallop by-products
	(g/100g of	Total lipids Phospholipids Total lipids Phospholipids Total lipids Phospholipids
	fatty acids)		
	14:0			7.5 ± 0.2	4.0 ± 0.6

SFA: saturated fatty acids, PUFA: polyunsaturated fatty acids, MUFA: monounsaturated fatty acids. a : standard deviation corresponds to duplicated extractions and FAME preparation -products 3.2. CO 2 :EtOH extraction as a one-step process (Protocol 1).

Table 6 )

 6 .

	Raw material		Global	Lipid	Phospholipid	Extract
			extraction,	extraction	extraction	phospholipid
			yield	yield	yield	content
			%	%	%	g/100g
	Camelina	Press cake (1) 11.3	91.7	67.2	6.2
		Press cake (2) 10.1 ± 0.5	90.9 ± 0.9	75.5 ± 2.4	6.9 ± 0.2
		Press cake (2)	10.2 ±0.6	81.6 ± 5.4	55.9 ± 2.4	5.1 ± 0.4
		EtOH abs			
		Press Cake	10.3	91.1	77.2	7.0
		(2) 1/3 load			
	Scallop by-		17.8	84.0	66.5	5.3
	products				
	Standard deviation corresponds to at least duplicated extractions	

Table 6 : Extraction efficiency for camelina press cakes (1) and (2), and for scallop by-products in a two- step process (protocol 2)

 6 

Table 7 : Phospholipid content of fractions (F1 to F4) during the extraction from camelina press cakes(1) and (
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	material		PL (wt %) in fraction Fi (%EtOH)		
			F0 (7 %)	F1 (7 %)	F2 (27 %) F3 (27 %) F4 (27 %)
	Camelina	Press cake (1)	0	0	23.6	17.3	19.3
		Press cake (2)	nd	nd	42.5 ± 4.9 25.3 ± 4.4 nd

Table 8 : Phospholipid profiles of the extracts used for liposome and ethosome formation (supercritical extracts are F2 samples obtained with protocol 2)

 8 

		Fraction 2 extract using protocol 2	Reference
		Press cake	Press cake	Scallop	Soya lecithin
		(1)	(2)		
	PL content	24	38	38	68
	(g/100g)				
	PL composition				
	(%mol)				
	PC / LPC [PCp] 28 / 8	65	20 / 4 (25)	19
	PI 1	6	4	16
	PE / LPE 21 / 1	23	28 / 12	13
	PA / LPA 28 / 1	3	3	8
	Others 12	3	4	12
	a glycolipids (29%), triglycerides (3%).		
	Values in parenthesis are the content of plasmalogen forms of the corresponding phospholipids.
	PC: phosphatidylcholine; LPC: lysophosphatidylcholine; PI: phosphatidylinositol; PE:
	phosphatidylethalonamine; PA: phosphatidic acid; PS: phosphatidylserine; p: plasmalogen; PnPL:
	phosphonolipids				

Table 9 : Mean diameters of liposomes and ethosomes prepared from the F2 supercritical extracts or commercial lecithin 4. Conclusion

 9 

	Source	F2 from press	F2 from press	F2 from scallop	Soya lecithin
		cake (1)	cake (2)	by-products	
	Mean diameter	600	516	620 ± 150	450 ± 50
	(nm)				
			Ethosomes	
	Mean diameter	311 ± 83	313 ± 74	193 ± 32	560 ± 90
	(nm)				
	Standard deviations were calculated from at least two independent preparations	

Acknowledgements: this work was supported by the French ANR agency (grant ANR-12-BS09-0006-01, 2012-2015) and of the Aquitaine Regional Council. This work has benefited from the facilities and expertise of UMS3033/US001, http://www.iecb.u-bordeaux.fr/index.php/fr/plateformestechnologiques.