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Introduction

The first synthetic plastic produced in 1907, called Bakelita, marked a shift in the development of new plastics. In 1950, the world saw an outpouring of new plastic materials, stimulated by their unique properties, such as low cost, strength, durability, light weight and easy production [START_REF] Andrady | Applications and societal benefits of plastics Applications and societal benefits of plastics[END_REF]. Nowadays, more than 380 million tonnes of plastic are produced per year, which has a dramatic negative impact on oceans and wildlife health. The packaging sector is responsible for generating almost half of the world's total plastic pollution owing to the use of primary plastics, and also to their very short lifetime [START_REF] Ritchie | Plastic Pollution[END_REF]. Thus, the food industry is increasingly interested in developing more ecofriendly materials. Films based on hydrocolloids are promising alternatives to petrol-derived plastic films. They may display a better oxygen barrier than synthetic polymer owing to a great deal of bonds between chains which form a tortuous pathway for gases throughout the film matrix [START_REF] Sahraee | Protection of foods against oxidative deterioration using edible films and coatings: A review[END_REF]. Moreover, they can be combined with natural lipids, such as emulsion-based films, to improve their water barrier resistance, which is otherwise quite low and one of their main drawbacks [START_REF] Bourlieu | Edible moisture barriers: How to assess of their potential and limits in food products shelf-life extension[END_REF][START_REF] Tongnuanchan | Emulsion film based on fish skin gelatin and palm oil: Physical, structural and thermal properties[END_REF].

Among hydrocolloids, cellulose is an insoluble material that is also the most abundant biomass resource on earth, offering great opportunities as food-packaging material [START_REF] Nieto | Structure and Function of Polysaccharide Gum-Based Edible Films and Coatings[END_REF]. Carboxymethyl cellulose (CMC) obtained by reacting sodium monochloroacetate with cellulose in alkaline medium is one of the most relevant products, owing to its economic importance as a thickening and emulsifying agent, with wide use in pharmaceuticals, cosmetics, and food [START_REF] Yaradoddi | Biodegradable carboxymethyl cellulose based material for sustainable packaging application[END_REF]. CMC is a highly water-soluble anionic polysaccharide that generally forms transparent films. These films, when used in a low water activity (aw) range, in which CMC water sensitivity is not a drawback, display good mechanical and barrier properties against oxygen and lipids (Arik Kibar and Us, 2013; [START_REF] Ballesteros | Production and physicochemical properties of carboxymethyl cellulose films enriched with spent coffee grounds polysaccharides[END_REF].

The incorporation of bioactive compounds in biodegradable films plays a crucial role in active packaging technology, resulting in innovative solutions for extending the shelf-life, and maintaining or monitoring the quality of foods [START_REF] Ganiari | Edible and active films and coatings as carriers of natural antioxidants for lipid food[END_REF].

Functional molecules with antioxidant and antimicrobial properties, such as polyphenols, can be recovered from wine pomaces. Thus, chemical, enzymatic or physical processes should be investigated and optimized from a sustainable perspective [START_REF] Gontard | A research challenge vision regarding management of agricultural waste in a circular bio-based economy[END_REF]. These molecules can be exploited as green additives in polymeric systems to impart specific properties to the matrix [START_REF] Kirschweng | Natural antioxidants as stabilizers for polymers[END_REF]. In recent studies, the addition of agricultural waste extracts into bio-based films has significantly improved their antioxidant activity, and protective effects have been found against lipid oxidation in lipid food systems [START_REF] De Moraes Crizel | Active food packaging prepared with chitosan and olive pomace[END_REF][START_REF] Serrano-León | Chitosan active films containing agro-industrial residue extracts for shelf life extension of chicken restructured product[END_REF][START_REF] Wu | Preparation and characterization of bioactive edible packaging films based on pomelo peel flours incorporating tea polyphenol[END_REF].

Cold pressing of unroasted green coffee beans (Coffea Arabica L.) generates abundant residues for production of green coffee oil (GCO), an attractive ingredient for cosmetic formulations with UVB absorption, and anti-aging and emollient properties [START_REF] Nosari | Improved green coffee oil antioxidant activity for cosmetical purpose by spray drying microencapsulation[END_REF][START_REF] Oliveira | Green coffee extracts rich in diterpenes -Process optimization of pressurized liquid extraction using ethanol as solvent[END_REF]. Two main residues are generated after GCO processing: a solid residue called the press cake (~90%, w/w total residues) and a sediment produced after clarification of raw GCO; both of them remain rich in chlorogenic acids (CGA) and oil [START_REF] Castro | Green Coffee Seed Residue: A Sustainable Source of Antioxidant Compounds[END_REF][START_REF] Vidal | Production of bioactive films of carboxymethyl cellulose enriched with green coffee oil and its residues[END_REF][START_REF] Oliveira | Effect of ecofriendly biobased solvents on oil extraction from green coffee bean and its industrial press cake[END_REF]. CGA are responsible for the strong antioxidant properties of green coffee extracts against lipid oxidation [START_REF] Budryn | Properties of model systems of sunflower oil and green coffee extract after heat treatment and storage[END_REF][START_REF] Dziki | Ground green coffee beans as a functional food supplement -Preliminary study[END_REF][START_REF] Gawlik-Dziki | Lipoxygenase inhibitors and antioxidants from green coffee-mechanism of action in the light of potential bioaccessibility[END_REF]. The radical scavenging efficiency of CGA is due to the hydroxyl groups bonded to the aromatic ring in an ortho position with respect to each other [START_REF] Badhani | Gallic acid: A versatile antioxidant with promising therapeutic and industrial applications[END_REF].

CGA-rich extracts from GCO residues have recently been incorporated into biobased films [START_REF] Vidal | Production of bioactive films of carboxymethyl cellulose enriched with green coffee oil and its residues[END_REF]; however, the techno-functional and putative antioxidant properties found in these films required test applications to confirm their efficiency as active food packaging material. Fish oil is an interesting food system because it is very prone to oxidation with a significantly faster rate than that of other oils owing to its high content in n-3 long chain polyunsaturated fatty acids (PUFAs). However, mammals are not able to synthesize the main n-3 precursor C18:3, alphalinolenic acid, which must be provided by the diet. Since fish oil is very prone to oxidation, improper processing and/or storage conditions (e.g., temperature abuse, exposure to light and humidity) can lead to rapid deterioration [START_REF] Wang | Chemistry and biology of ω-3 PUFA peroxidation-derived compounds[END_REF][START_REF] Yeşilsu | Oxidative stability of microencapsulated fish oil with rosemary, thyme and laurel extracts: A kinetic assessment[END_REF].

The aim of this study was to evaluate and compare the effect of two residue extracts (Cake Extract -CE and Sediment Extract -SE) from cold-pressed GCO and GCO on the antioxidant activity, antioxidant release, O2 barrier properties, Ultraviolet-Visible (UV-Vis) absorption capacity and physicochemical properties of resulting active CMCbased films. Phenolic compounds in raw materials (cake, sediment and oil), were identified and quantified by HPLC. The capacity of active films to retard the oxidation progress in fish oil during storage, in two configurations (1-indirect contact combined with inert headspace, 2-direct contact with no headspace), was monitored by measuring primary (peroxides) and secondary products of oxidation (Thiobarbituric acid reactive species -TBARS).

Materials and methods

Raw materials and chemicals

Green coffee beans (Coffea arabica L.) were kindly donated by São Francisco Farm (São José do Vale do Rio Preto, Brazil). Sodium carboxymethyl cellulose (average MW 250,000 Da, degree of substitution 0.9), DPPH radical (2,2-diphenyl-1picrylhydrazyl), trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), 4and 5-caffeoylquinic acid (CQA) (95%), caffeic acid (> 98%), caffeine (>99%), methanol (MeOH) and water (both HPLC grade, >99.9%) were purchased from Sigma-Aldrich (Saint-Quentin-Fallavier, France). Glycerol, ferrous chloride and tween 20 were purchased from Merck Co. (Darmstadt, Germany), and n-butanol (BuOH) and ethanol (EtOH) P.A. from Honeywell (Germany). Hydrogenated Lecithin Phospholipon® 90H was kindly supplied by Lipoid (Ribeirão Preto, Brazil) and MilliQ pure water was purchased from Millipore Corporation (USA). All other reagents and solvents were of analytical grade and commercial fish oil (cod liver oil) was purchased in a local store (Montpellier, France).

Screw cold-pressing and quality parameters

The clarified oil, the cake and the sediment were obtained as described in Lombo [START_REF] Vidal | Production of bioactive films of carboxymethyl cellulose enriched with green coffee oil and its residues[END_REF]. Briefly, in this study, green coffee beans were immersed in liquid nitrogen for 30s and then ground (IKA II Basic, USA). GCO was obtained by triple pressing 500 g of ground coffee after progressively sieving at 2.000 mm and 850 mm with a continuous expeller press fitted with a gravity feeding system (Oekotec, CA59G, Germany). To decrease the residual oil in the cake, small nozzle size (4 mm), and low screw speed (±30 rpm) was used. The temperature of the oil exiting the expeller, measured by a thermo-par coupled to a digital thermometer, ranged between 40 and 45°C.

The raw oil was centrifuged (Multifuge X3R, Thermo Fisher scientific, Germany) in falcon tubes (50 mL) for 20 min at 3,100 x g at 25°C. The clarified oil, the press cake and GCO sediment residue were stored at -18℃, until further use.

The following quality parameters were determined, unsaponifiable matter (ISO 18609: 2000), free fatty acid expressed as oleic acid equivalent (method Cd3d-63); peroxide value (method Cd8-53); Moisture content of ground green coffee, cake and sediment was determined by gravimetric analysis, placing 1 g of the sample at 105℃ to constant weight. GCO yield is defined as the ratio of clarified oil recovered from pressing to the amount of ground green coffee originally used.

Determination of dry matter and residual oil content in the cake and the sediment

The cake and the sediment were defatted with three purposes: 1) to determine the residual oil content in these by-products after pressing; 2) to prepare the hydroalcoholic extracts for HPLC characterization of bioactive compounds and 3) to evaluate the possible contribution of lipid fraction compounds for UV-Vis absorption of films. The raw materials were placed into an envelope-shaped paper filter, dried at 105°C until constant weight, and then extracted with hexane for 10 h in a Soxhlet apparatus. Finally, the envelopes were placed at 20℃ for 12 h, dried at 105℃ and weighed [START_REF] Laguna | Production of proteins and phenolic compounds enriched fractions from rapeseed and sunflower meals by dry fractionation processes[END_REF]. Fat content (%) was determined gravimetrically based on the weight difference of the sample (the residue and envelope) before and after delipidation [START_REF] Laguna | Production of proteins and phenolic compounds enriched fractions from rapeseed and sunflower meals by dry fractionation processes[END_REF].

Dry matter content was determined for both the cake and the sediment by carefully weighing 1 g of the sample into an aluminium capsule and drying them at 105°C until constant weight (difference between two weighings <1%).

Extraction of phenolic compounds from raw materials: GCO, CE and SE

For both the cake and the sediment, the procedure was adapted from [START_REF] Laguna | Release of phenolic acids from sunflower and rapeseed meals using different carboxylic esters hydrolases from Aspergillus niger[END_REF]. Briefly, 50 mg of defatted sample was weighed and 5 mL of ethanol 70% was added. The mixture was stirred in an orbital shaker (350 rpm) at 75°C for 20 min, centrifuged for 5 min at 2,147×g, and the final extracts were filtered (0.22 μm). For GCO, 2.5 g was weighed and added with 5 mL of hexane, followed by 6 mL of methanol-water (60:40, v/v). The mixture was vortexed and then centrifuged at 3,500×g and 4℃ for 10 min. The methanol phase was removed and the operation was repeated three times [START_REF] Wang | Profiling and quantification of phenolic compounds in Camellia seed oils: Natural tea polyphenols in vegetable oil[END_REF]. The MeOH extracts were evaporated at 35℃ under a nitrogen stream, and the residue was resuspended in 500 μL of ethanol-water (70:30, v/v). The residue and the GCO extracts were kept at -20°C until HPLC analysis.

HPLC-DAD analysis of chlorogenic acids and caffeine in GCO and its residues of pressing

Chlorogenic acids and caffeine were quantified with an XR UFLC Shimadzu liquid phase chromatograph fitted with an SPD-M20A diode array detector (Kyoto, Japan). Separation was carried out with an ACE C18 reversed phase column (5 μm, 250 mm×4.6 mm, Phenomenex, Le Pecq, France). Injection volume, flow rate, and oven temperature were set at 20 μL, 1 mL/min and 30°C, respectively. The gradient elution was performed using HPLC grade water with 0.1% (v/v) acetic acid (A) and methanol with 0.1% (v/v) acetic acid (B) in the following conditions: 15% B (0-5 min), 15-80% B

(5-30 min), 80-100% B (30-31 min), 100% B (31-35 min), 100-15% B (35-40 min). The detection wavelength was set at 328 nm for CGA and at 272 nm for caffeine. The identification of the CGA isomers was confirmed by comparison with retention time of the respective standards and literature data. The concentration of each CGA isomer was calculated by selecting 5-CQA as the suitable reference standard and by using it to calculate the response factor of other six CGA.

Preparation of residue extracts (CE and SE) for film elaboration

The residues of GCO pressing were extracted as previously described by Lombo [START_REF] Vidal | Production of bioactive films of carboxymethyl cellulose enriched with green coffee oil and its residues[END_REF]. In brief, for both CE and SE,v/v) was used in a 1:10 ratio (w/v). For SE, the sample-solvent mixture was placed in an ultrasound bath for 6 min and then for 2 h in an orbital shaker at 55 o C and 150 rpm. After centrifugation (20 min, 3,000×g, 25 o C), the hydroalcoholic phase was removed and the pellet was reextracted as described above. CE was ground for 1 min using a coffee blender and mixed with solvent heated at 50 o C. The mixture was transferred to a shaker-incubator for 90 min at 55 o C and 150 rpm. After extraction, the mixture was centrifuged (5 min, 2900×g, 25 o C). Both extracts (SE and CE) were filtered with paper Whatman no. 3, dried in a SpeedVac device (Savant, Thermo Scientific®), and the solid residue extracts were stored at -20 o C. To determine the total solid contents of SE and CE, 1 mL of each extract (triplicate) was dried in an oven at 105 ºC to constant weight.

Film elaboration

The film-forming solutions of the active films were prepared by dissolving 2 g of CMC in 70 mL of ultrapure water and transferred to a shaker incubator for 6 h (35 o C, 150 rpm). Separately, 1 g of dried residue extracts (SE or CE) was dissolved in 30 mL of ultrapure water for 5 min at 25°C using an Ultra-turrax T25 (IKA, USA). Afterwards, the solutions were mixed to obtain a 1:2 extracts/CMC mass ratio, followed by addition of 0.5 mL glycerol as a plasticizer (25wt% based on CMC), 0.08 g of lecithin as an emulsifier (4wt% based on CMC), and 0.3 mL of GCO (10wt% based on CMC), and dispersed with an Ultra-turrax homogenizer at 13,500 rpm for 10 min. A control film of pure CMC was prepared by dissolving 2 g of CMC in 100 mL of ultrapure water and a second control was added with the same proportions of glycerol and lecithin that are used to active films. The resulting solution was poured on polystyrene petri dishes (80 mm diameter) and dried for 24 h at 25°C in a fume hood. Dried films were manually peeled off the plates and conditioned at 58% relative humidity (RH) in desiccators over a saturated solution of NaBr prior to all analyses.

Finally, four different formulations of films were obtained: (1) CMC control films produced only with carboxymethyl cellulose film; (2) C-G-L for films containing CMC (C), glycerol (G) and lecithin (L), also used as control; and films containing GCO added to residue extracts referred as C-CE (CMC + glycerol + lecithin + GCO + cake extract) and C-SE (CMC + glycerol + lecithin + GCO + sediment extract).

Film characterization 2.8.1. Film thickness

Thickness was measured using a micrometer (Mitutoyo, Japan; 0.001 mm precision), based on 10 readings taken at random locations of the films. Total solids of film-forming solutions were used to calculate the appropriate mass to obtain homogeneous thickness.

Film moisture content

Film samples were cut into small pieces and 0.2 g (w1) was placed in an aluminium pan (previously weighed dry) and dried at 105℃ to constant weight (w2).

Film moisture content (%) was provided by eq. ( 1):

(1) Moisture (%) = ( 𝑤𝑤1 -𝑤𝑤2

𝑤𝑤1

) 𝑥𝑥 100

Light transmission and film transparency

The UV-Vis light barrier property of films was determined by exposing film strips (10 x 40 mm) at wavelengths ranging from 200 to 800 nm [START_REF] Bitencourt | Gelatin-based films additivated with curcuma ethanol extract: Antioxidant activity and physical properties of films[END_REF], using a UV-vis spectrophotometer UV-2700 (Shimadzu, Japan). An empty test cell was used as a reference. Three replicates were performed for each film formulation. Prior to the test, two new films were prepared with previously defatted SE as described in section (2.3.) to evaluate the possible contribution of lipid fraction compounds on this property.

The transparency value of the films was calculated using the following equation ( 2):

(2) T= -log 𝑇𝑇 600

Δx

Where, T600 is transmittance at 600 nm and Δx is the corresponding film thickness (mm).

The higher the transmittance values, the lower the transparency of the films.

Oxygen permeability (O2P) and O2 permeance of films

The O2P value of the films was determined at 23℃ and 50% RH by an oxygen permeability tester (PreSens, Fibox 4, Germany). Briefly, this system consists of two chambers separated by a grid where the film is placed with an open testing area of 0.00126 m 2 . After a nitrogen flush was applied on both sides of the films to remove all surrounding O2, the lower chamber was exposed to an oxygen flow (50 mL/min), while the upper chamber was hermetically closed. By permeation, the O2 molecules could pass through the film where the sensor stood; the system measured oxygen ingress in % for 2 days.

The analysis was performed in triplicate, and the results were averaged.

Oxygen permeability (O2P) of films was calculated using the following equation

(3) O2P = J(Δx)/A(Δp)
Where, O2P is the O2 permeability (mol·m·m -2 ·s -1 ·Pa -1 ), J is the transmission rate of O2 (mol/s), Δx is the film thickness (m), A is the surface area of the film (m 2 ), and p is the differential partial pressure of the permeant gas across the film (Pa).

O2 Permeance of films were calculated as the ratio of oxygen permeability (O2P) and film thickness (Δx).

Antioxidant activity of raw materials and films

The antioxidant capacity of the films and raw materials (CE, SE, GCO and its unsaponifiable fraction) was determined by using the DPPH method [START_REF] Brand-Williams | Use of a free radical method to evaluate antioxidant activity[END_REF] adapted to the microplate assay. For active films, an aliquot was prepared according to [START_REF] Vidal | Production of bioactive films of carboxymethyl cellulose enriched with green coffee oil and its residues[END_REF]. Briefly, 20 µL of the aliquot solution of the films (20 mg/mL in water) was mixed with 180 µL of 150 µM DPPH methanolic solution in a microplate well (clear 96-well microplate). Measurements were taken at 515 nm and 37℃ every 15 min with a microplate reader (Infinite M1000 2, TECAN, Grödig, Austria) until the reaction reached a plateau. It is worth mentioning that the DPPH/sample ratio used in the present work was 1:9 (v/v) in comparison with previous work 1:15 (v/v), and thus 3-fold more DPPH concentred. Also, it is important to consider that the time of analysis was set at 120 min in a kinetic mode, instead of a single measurement at 30 min in previous work (Lombo [START_REF] Vidal | Production of bioactive films of carboxymethyl cellulose enriched with green coffee oil and its residues[END_REF].

A standard curve of trolox was established using a range of concentrations from 4 to 26 µmol. The DPPH radical scavenging activity of films and raw materials was expressed as mmol of trolox equivalent (TE)/g dried film or extract on a dry matter basis (d.b.). All the measurements were performed in triplicate. The DPPH radical scavenging activity was calculated with the following equation:

(4) DPPH • inhibition (%) = 100 × (Blank absorbance -sample absorbance) (Blank absorbance)
In order to determine the contribution of each raw material to the total antioxidant activity of the active films, the samples were prepared according to the most suitable form of every material for the DPPH test. For the cake and the sediment, the solid extract (as described in section 2.6) was resuspended in ethanol 70% (v/v). For GCO, a phenolic extraction was prepared according to Lombo et al., (2020); and its unsaponifiable fraction was resuspended in ethanol 70% (v/v).

Release of phenolic compounds from films

The release of phenolic compounds from the films was determined as follows: the samples were cut into small pieces (2 cm 2 ) and then immersed in 5 mL water (to mimic aqueous food) or in 95% (v/v) ethanol to mimic a less polar medium. Then, all samples were placed in a shaker incubator at 25 ℃ and 125 rpm for 7 days [START_REF] Piñeros-Hernandez | Edible cassava starch films carrying rosemary antioxidant extracts for potential use as active food packaging[END_REF]. After the exposure period, the migration of phenolic compounds to the simulant medium was estimated by the Folin-Ciocalteu method (Singleton, Orhofer & Lamulea-Raventos, 1999); 100 μL of each medium was mixed with 700 μL of milli-Q water, 50 μL of Folin-Ciocalteu reagent and 150 μL of sodium carbonate 20% (v/v). The mixture was vortexed and incubated in a water bath at 40 o C for 30 min. Then, absorbance was measured at 750 nm using a microplate reader FlexStation III (Molecular Devices, San

Jose, USA). The results were expressed as mg of gallic acid equivalents (GAE)/g of dried film.

Food system using fish oil

Commercial cod liver fish oil (25 mL) was poured into glass pots, and the active films were tested in two ways (Fig. 1). Firstly, in indirect mode, the film samples were cut into circles (3.5 cm diameter) and set into perforated screw-on lids. These covers were screwed on the glass cell in such a way that the film was in contact with the external atmosphere (upper side) and in contact with the internal headspace of the glass cell (lower side). The headspace (33 mL) was flushed with N2 to get rid of internal residual O2 at the beginning of the experiments and after each sampling. In the second configuration, the direct mode, active films (0.24 ± 0.03 g) and residue extracts of CE or SE (0.07 g) were immersed into fish oil, while the glass cell was left open in contact with the external atmosphere. Control fish oil systems covered with an aluminium foil were used as a reference for the indirect mode, and control without any protection, i.e., directly exposed to ambient air, were used as a negative control for the direct mode, i.e. when active films and residue extracts were immersed within fish oil (Fig. 1). All experiments were run in triplicate.

Two aliquots (20 µL) of fish oil were taken from each pot sample every four days to determine peroxide value (PV) and TBARS, according to the method outlined by [START_REF] Hu | Impact of chelators on the oxidative stability of whey protein isolate-stabilized oil-in-water emulsions containing ω-3 fatty acids[END_REF] and [START_REF] Ghani | Measurement of antioxidant activity with the thiobarbituric acid reactive substances assay[END_REF], respectively. After each sampling, N2 flush was used to remove air which had entered the headspace during sampling. All samples were maintained in an orbital shaker protected from light at 40°C and 110 rpm for 16 days.

Peroxide value (PV)

Fish oil (20 µL) was diluted in a methanol/butanol (30:70, v/v) solution according

to [START_REF] Hu | Impact of chelators on the oxidative stability of whey protein isolate-stabilized oil-in-water emulsions containing ω-3 fatty acids[END_REF], adapted for the microplate reader. Then, 100 µL from this mixture was directly added to the microplate containing 160 µL of MeOH/BuOH (3:7, v/v), 2.5 µL of 30% ammonium thiocyanate (w/v) and 2.5 µL of ferrous chloride solution (10 g/L) in 3.5% HCl (w/v). After 10 min, absorbance was read at 500 nm in a TECAN microplate reader. PV was calculated on the basis of a standard curve using cumene hydroperoxide (0.7-65 µM). The result was then expressed as meq O2/kg oil.

Thiobarbituric acid-reactive substances (TBARS)

TBARS was determined according to [START_REF] Ghani | Measurement of antioxidant activity with the thiobarbituric acid reactive substances assay[END_REF]. A fish oil sample (20 µL) was weighed and diluted in 1 mL of a methanol: n-butanol solution (30:70, v/v); 25 µL was taken out and diluted in a 1:4 ratio (v/v) with ultrapure water to react with 200 µL of a prepared solution of 15% (w/v) trichloroacetic acid, 0.375% (w/v) of thiobarbituric acid and 0.25 N of HCl. The mixture was heated in a water bath at 90℃

for 15 min and the reaction was stopped in an ice bath after it turned pink. It was then centrifuged (3,354×g, 10 min and 15 ℃), and the absorbance of the supernatant was recorded at 532 nm in a TECAN microplate reader. The TBARS value was established using a standard curve of 1,1,3,3-tetramethoxypropane, a precursor for malonaldehyde (MDA) at 0.01 to 0.2 mM. The results were expressed in meq MDA/kg.

Statistical analysis

One-way analysis of variance (ANOVA) and Tukey's multiple tests were performed using XLSTAT (Addinsoft 2020, NY, USA). For all statistical tests, a 95% confidence level was used.

Results and discussion

Screw pressing and oil quality parameters

The quality parameters determined in cold-pressed GCO and its residues of pressing are shown in Table 1. Based on the PV obtained for GCO (2.5 meq O2/kg), there was no extensive oxidative degradation during the processing of green coffee beans and/or oil extraction. However, the high free fatty acid value found (6.0%, as oleic acid) could be related to the moisture content and endogenous lipase activity of green coffee beans. In this study, moisture of the coffee seeds ranged between 9.3 and 11.2%, which facilitated the pressing process and resulted in an oil yield of 4.2%. Interestingly, low moisture content increases the force needed to initiate seed structure rupture, while high moisture content may also decrease oil yield owing to the lack of friction during pressing [START_REF] Lazouk | Oilseeds sorption isoterms, mechanical properties and pressing: Global view of water impact[END_REF].

Cold pressing of GCO produced abundant residual biomass corresponding to cake (91%), as well as residual oil in sediment (58.1%), which raises interest in the valorization of these residues. The content of unsaponifiable matter reached 13.1%. This fraction, in green coffee beans (that concentrates bioactive compounds) is extremely high in comparison with most vegetable oils (0.1-1.0% of unsaponifiable) [START_REF] Speer | The lipid fraction of the coffee bean[END_REF]. Certain unusual properties of GCO, such as its high moisture binding properties and its antioxidant and UV-Vis absorption properties, could be explained by the compounds of this unsaponifiable fraction [START_REF] Chiari | Synergistic effect of green coffee oil and synthetic sunscreen for health care application[END_REF][START_REF] Wagemaker | Green Coffea arabica L: Seed oil influences the stability and protective effects of topical formulations[END_REF].

Identification and quantification of phenolic compounds in GCO and its residues

Table 2 shows the compounds identified and quantified by HPLC-DAD in GCO and the ethanolic residue extracts (70% v/v). A total of seven CGA, including three caffeoylquinic acids (3-, 4-and 5-CQA), two feruloylquinic acids (4-and 5-FQA), two dicaffeoylquinic acids (3,5-diCQA and 4,5-diCQA), and caffeine, were identified in CE and SE. Total CGA content was 9.8% and 9.0% for CE and SE, respectively. These values of CGA are in line with the ones reported in regular green coffee beans, that usually range from 4 to 12% for Coffea arabica L. [START_REF] Farah | Effect of roasting on the formation of chlorogenic acid lactones in coffee[END_REF]. As expected, the global chemical profiles in CGA of CE and SE were similar, and heavily dominated by caffeoylquinic acids (CQA) which accounted for 68-74% of total CGA in these two by-products. This global similarity of CGA profile can be explained by a similar histological origin of these residues from the bean of the coffee fruit. [START_REF] Perrone | Comprehensive analysis of major and minor chlorogenic acids and lactones in economically relevant Brazilian coffee cultivars[END_REF] found that these three isomers (3-, 4-and 5-CQA), account for about 83% of total CGA in green coffee beans of C. arabica cultivars from Brazil.

CGA were not detected in GCO, probably due to the low affinity of phenolic compounds for oil. Caffeine was detected in GCO (0.2%) but it was more concentrated in CE (3.7%) and even more in SE (4.5%). We can hypothesize that SE concentrates more caffeine as it is formed by the precipitation of finer and more hygroscopic materials than CE. Interestingly, caffeine and CGA interact physico-chemically, forming a well-known complex, easily found and stored intracellularly in raw coffee beans [START_REF] Waldhauser | Compartmentation of Caffeine and Related Purine of Their Vacuolar Complex Formation With Chlorogenic[END_REF]. [START_REF] Oliveira | Effect of ecofriendly biobased solvents on oil extraction from green coffee bean and its industrial press cake[END_REF] highlighted that the mechanical pressing of ground coffee bean materials would aid the subsequent extraction of CGA by breaking the cell wall of the beans.

Film characterization

Total solid, thickness and moisture of films

Table 3 shows thickness, total solids and moisture of the films. After addition of the residue extracts, thickness of active films was higher than that of control CMC-film (p<0.05) but similar amongst active films (p>0.05). Incorporation of GCO residues extracts but also glycerol and lecithin decreased film moisture content (p<0.05), probably owing to the presence of hydrophobic compounds.

Oxygen permeability (O2P) and permeance

CMC films typically have good oxygen barrier properties, as most hydrocolloidsbased films [START_REF] Bourlieu | Edible moisture barriers: How to assess of their potential and limits in food products shelf-life extension[END_REF]. It can be explained by their large number of hydrogen bonds, which helps adjacent chains bind tightly to each other, resulting in a dense polymer matrix [START_REF] Sahraee | Protection of foods against oxidative deterioration using edible films and coatings: A review[END_REF]. The O2P and permeance values at 50% RH and 23 ℃ of CMC-based active films developed in this study (Table 3) ranged from 8.3 to 9.9×10 - 17 mol·m·m -2 ·s -1 ·Pa -1 for C-CE and C-SE films, respectively, which is not significantly (p<0.05) different from the control with CMC, glycerin and lecithin (C-G-L, 8.4×10 -17 mol·m·m -2 ·s -1 ·Pa -1 ).

The slight tendency for increased O2P in active films was not significant except for the C-SE film in comparison with control of pure CMC (6×10 -17 mol·m·m -2 ·s -1 ·Pa -1 ).

This tendency could be due to the incorporation of liquid lipids into hydrocolloid films, which usually implies an increase in the oxygen permeability resulting from the enhancement of the oxygen solubility in the film [START_REF] Fabra | Barrier properties of sodium caseinate films as affected by lipid composition and moisture content[END_REF]. Conversely, when antioxidant compounds or oils with antioxidant properties are present in the film matrix, O2P could be lower because of direct chemical trapping of oxygen by antioxidants. In this sense, CGA present in CE and SE could be able to block the diffusion of oxygen molecules mediated by lipid components in the active film matrix. However, this effect of CGA is not sufficient to improve O2P barrier property under typical experimental conditions, i.e., when a strong oxygen flow rate is sweeping the film.

The increases in the thickness of active films observed in both previous and present work after the addition of CE and SE is most likely due to intermolecular interactions such hydrophobic force and hydrogen bonding of major bioactive compounds and CMC; however, it does not greatly affect the barrier properties of films compared with the effect of lipid addition. In our previous work, the addition of CE, SE and GCO did not modify the water vapor permeability (WVP) of CMC films that averaged 6×10 -12 mol·m-2·s-1·Pa-1 at 25 ℃ and 90% RH (Table 3).

Based on the barrier properties of active films incorporated with CE or SE, we can say that our films present intermediate water barrier properties, i.e. much lower than good hydrophobic barrier such as beeswax 5×10 -14 mol·m -2 ·s -1 ·Pa -1 but similar to values reported for protein-based -gluten or corn zein, 7×10 -12 mol·m -2 ·s -1 ·Pa -1 [START_REF] Bourlieu | Edible moisture barriers: How to assess of their potential and limits in food products shelf-life extension[END_REF]. In addition, films incorporated with CE or SE have quite good oxygen barrier properties with O2P twice lower than value reported for instance by Mujica-Paz and Gontard (1997) for gluten film at 50% RH (24°C), i.e. 15×10 -17 mol·m·m -2 ·s -1 ·Pa -1 .

Importantly, the resulting active films have a good oxygen barrier at 50% relative humidity. At higher relative humidity, O2P values can increase because of the hydrophilic nature of both CMC and CGA, leading to greater polymer chain mobility [START_REF] Gontard | Influence of relative humidity and film composition on oxygen and carbon dioxide permeabilities of edible films[END_REF].

Thus, the films could be used as materials for the packaging of foods products with low to intermediate water activity and high sensitivity to oxidation. High fat content products that contain important amount of polyunsaturated fatty acids sensitive to oxidation such as marine oil or Brazil and Macadamia nuts are thus be good candidates to be packed. CGA and lipid fraction on light transmission; each respectively contributed evenly and to half of transmittance roughly. This means that, for rich-polyunsaturated food needing higher UV-light protection, CMC film with "raw" sediment extract (SE) may be more suitable than using defatted SE.

Light transmission and film transparency

UV-Vis spectra and transparency results in

Transmittance is related to polymer alignment in the film network [START_REF] Akhtar | Production and characterization of CMC-based antioxidant and antimicrobial films enriched with chickpea hull polysaccharides[END_REF]. Thus, the very low values can be explained by new intermolecular bounds formed between CMC and CGA, as well as by the presence of compounds from the lipid fraction, such as diterpenes (cafestol and kahweol), tocopherols and linoleic acid. Both CGA and compounds from the lipid fraction are able to absorb UV radiation [START_REF] Chiari | Synergistic effect of green coffee oil and synthetic sunscreen for health care application[END_REF][START_REF] Vilela | Bioactive chitosan/ellagic acid films with UV-light protection for active food packaging[END_REF].Transparency values decrease when using defatted SE in contrast with film containing non-defatted SE raw material, although the values are in the same order of magnitude (6.2 and 7.0, respectively). This means that fatty acids and other minor compounds present in the lipid fraction did not greatly impact on film transparency.

Antioxidant activity and release of antioxidant compounds into food simulants

Table 5 shows the antioxidant activity of raw materials and active films with added GCO residue extracts. The high antioxidant capacity exhibited by CE and SE (11.0 and 8.7 mmol Trolox equivalents/g, respectively) imparted significant antioxidant activity for the films formed by using 0.5 g dry residue extracts/g CMC. Importantly, the raw materials and the films followed different extraction processes, in which the ratio mass/solvent was different: (1:50, w/v) and (1:10, w/v) for film and raw material extraction, respectively. In another study [START_REF] Fabra | Antiviral and antioxidant properties of active alginate edible films containing phenolic extracts[END_REF], films with added green tea and grape seed extracts at 0.5 g/g alginate, showed 12.1 and 2.95 mmol Trolox/g film d.b., respectively. In this study, films with CE added in the same proportion (0.5 g/g CMC) had higher antioxidant activity (3.6 mmol Trolox eq/g film d.b.) than alginate film with added grape seed extract, but lower than alginate films with added green tea extract.

GCO did not show the presence of CGA by HPLC analysis; only caffeine was detected (Table 2), and GCO antioxidant activity was low (0.34 mmol Trolox eq/g of oil). [START_REF] Chiari | Synergistic effect of green coffee oil and synthetic sunscreen for health care application[END_REF] reported similar low antioxidant activity in GCO and Esquivel and Jiménez et al., (2012) associated antioxidant activity with the content of tocopherols and linoleic acid. GCO has an uncommon content of unsaponifiable matter among natural oils, reaching up to 19% (w/w). Therefore, this fraction was extracted to characterize its antioxidant activity owing to the presence of tocopherols, diterpenes (cafestol and kahweol) and phosphatides [START_REF] Speer | The lipid fraction of the coffee bean[END_REF]. It is thus clear that almost half of the antioxidant activity of GCO is linked to the unsaponifiable fraction that represented 13% of GCO matter in this study (Table 1).

In the present work, the C-CE film had higher DPPH reducing abilities than the C-SE one (Table 5). This result can be closely related to the presence of higher concentrations of CGA in CE than in SE. As a result, the DPPH reducing abilities of C-CE films were more than 5-fold higher than those of the C-CE-films at the highest concentration (40%) (0.644 mmol eq. Trolox/g d.b), as reported in previous work, in which GCO residue extracts were kept in a solution until they were used as a medium to dissolve the polymer. This previous film preparation method has probably affected CMC solubility, the distribution of active compounds in the film network and their stability.

Consequently, in the present study, dried/concentrated GCO residue extracts -added to the aqueous CMC solution -provide better protection of the functionality of antioxidants compounds during film formation and conditioning, and it boosted their antioxidant efficiency.

To confirm the efficiency of films as active food packaging material, their antioxidant capacity was explored: 1) either indirectly, through headspace, supposing that the film can be separated from the food by an inert atmosphere that must be protected by the film; 2) or directly, supposing that the active film may be in contact with the food and that such contact will trigger the migration of active compounds released from the film matrix onto the food surface. The mechanism of release depends largely on the material and morphology of the film, the partition coefficient between polymer/solvent, as well as the polarity of the antioxidant compounds in comparison to the packaged or covered food [START_REF] Adilah | Functional and antioxidant properties of protein-based films incorporated with mango kernel extract for active packaging[END_REF].

Considering firstly the release of antioxidant compounds from both C-CE and C-SE active films in model solutions (Fig. 2), we found that this release was much higher in water (49.9 and 14.2 mg GAE/g of d.b., for C-CE and C-SE respectively) than in ethanol (2.0 and 5.4 mg GAE/g of d.b., C-CE and C-SE respectively). More precisely, in ethanol, the release of antioxidants decreased drastically in active C-CE and C-SE films (95% and 61%, respectively). In water, the hydrophilic nature of CMC facilitates the relaxation of polymer chains, resulting in a high swelling degree in which most the active films were dissolved after 7 days. In this way, the interactions between CGA and hydrophilic groups of the CMC matrix through the potential hydrogen bonding could be limited by the competitive binding effect of water molecules. A similar trend was found in soy protein isolate and fish gelatine films added with mango kernel extract, i.e. high antioxidant release in water (67.8 and 69.0 µg GAE/g, respectively) and considerable decreases in ethanol (12.4 and 16.9 µg GAE/g, respectively) (Maryam [START_REF] Adilah | Functional and antioxidant properties of protein-based films incorporated with mango kernel extract for active packaging[END_REF].

Importantly, no hydrophobic liquid simulant (which could be a good food system of fish oil investigated in the food system) was added in this step. However, a low natural content in CGA and other antioxidants in GCO is an indication that the antioxidant solubility of GCO residues in an oil is probably limited.

Food systems using fish oil indirectly or directly protected by the active film

For a better approach to the active film protection in real conditions, we set up a test of the active film material in a food system and assessed two types of mechanisms:

1) indirect contact of the film with food but protection of an inert headspace; 2) direct contact of the film with the food. In addition, as a putative positive control, pure GCO residue extracts were integrated in direct contact also with the food. The presence of antioxidants can play a key role in protecting fish oil against oxidation by an O2 scavenging mechanism. It was found that 1 g of gallic acid can absorb 400 mg of O2 [START_REF] Marino | Radical scavenging ability of gallic acid toward OH and OOH radicals-reaction mechanism and rate constants from the density functional theory[END_REF], and very similar values of O2 consumption were reported at 38°C for 16 days, still for gallic acid included into bio-based multilayer films [START_REF] Pant | Gallic acid as an oxygen scavenger in bio-based multilayer packaging films[END_REF]. More precisely, it was found that in 4 days, 1 g of GA may absorb 80 mg of O2 [START_REF] Pant | Gallic acid as an oxygen scavenger in bio-based multilayer packaging films[END_REF]. Supposing that chlorogenic acids behave as gallic acid and could absorb O2 with the same rate than the observed for gallic acid, it was calculated that in the experimental set up conditions of the present work, C-CE and C-SE could scavenge 0.627 and 0.504 mg of O2, respectively in 4 days (see Appendix for all calculation details). These values are higher than the total amount of both O2 dissolved into fish oil and O2 that remained in the headspace after N2 flushing, which was estimated equivalent to 0.47 mg of O2 at day 4. O2 scavenging capacities of C-CE and C-SE films would be enough to absorb O2 residuals obtained after several opening/N2 flushing cycles in the film testing process. This can explain the effectiveness of C-CE and C-SE films again fish oil oxidation observed in the present work, when film is not in direct contact with the oil. CGA presents hydroxyl groups bonded to the aromatic ring in an ortho-position with respect to each other, as gallic acid, and these hydroxyl groups are chief determinant for the strong antioxidant capacity of phenolic compounds in general [START_REF] Badhani | Gallic acid: A versatile antioxidant with promising therapeutic and industrial applications[END_REF]. This argument tends to confirm the hypothesis made about the O2 scavenging properties of CGA.

Moreover, the mixture of two or more different CGA can have a synergistic effect, resulting in a greater efficiency than individual antioxidants. Apart from hydrogen atom donation, these acids augment the overall antioxidant capacity by regenerating other prooxidant phenols via electron donation [START_REF] Palafox-Carlos | Antioxidant interactions between major phenolic compounds found in "Ataulfo" mango pulp: Chlorogenic, gallic, protocatechuic and vanillic acids[END_REF].

However, both C-CE and C-SE seem to contain quite similar amounts of CGA and antioxidant; thus, it is difficult to formulate a precise hypothesis that can explain the highest protection obtained by using C-SE indirectly. Especially because the C-SE film has higher O2P and lower antioxidant-DPPH, but SE has more bioactive compounds from the lipid fraction and caffeine contents, in addition to a higher release of phenolics to ethanol 95%.

Direct contact without protective atmosphere

In direct contact with fish oil (Fig 3B), the pure residue extracts (SE and CE) led to a greater reduction of PV in comparison with the effect of active films. Indeed, PV reduction rates were 44.3% and 30.3% in comparison with control (unprotected oil) at the end of the storage period, for pure residue extracts of SE and CE, respectively.

There was a significant tendency to decrease secondary oxidation products only in fish oil samples with addition of SE (Fig 3D), which suggested that lower polarity compounds from the lipid fraction of green coffee (e.g., tocopherols or diterpenes) and caffeine could act as antioxidants in the oil phase. The poor effect of active films (both C-CE and C-SE) can be due to the fact that there was no significant migration of antioxidant compounds from the film matrix into the fish oil. These findings are in line with those previously reported in the release section (3.7; Fig 2), i.e., migration of antioxidants was much lower in ethanol than in water. In addition, it would be highly desirable that the C-CE film, with higher CGA content, could release these polar compounds at the oil-air interface, where most oxidation occurs. However, this effect was not found.

According to Akhtar et al., (2014), the most appropriate way to control lipid oxidation may be to decrease light exposure and oxygen by applying suitable O2 scavenging-active packaging. Our results with C-SE and C-CE films, in terms of indirect protection, support this hypothesis. The formation of both primary and secondary oxidation products in fish oil was greatly delayed along the storage period with the use of both active films as lids, coupled to inert headspace.

Conclusions

The residues of cold-pressed GCO showed an important amount of CGA and exhibited by active films is due to an additive effect of CGA, caffeine and other nonidentified compounds present in the lipid fraction of green coffee beans. The protective effect against oxidation observed in fish oil was satisfactory when films were used in indirect protection over the oil and were coupled with the inert headspace. In this tested food system (fish oil), the C-SE film presented a slightly higher efficacy than C-CE films.

However, future research should be conducted in a more realistic food packaging system, such as Brazil and Macadamia nuts with high fat content, but low water content.

Appendix A

Estimation of the O2 content absorbed by the active films in the food system with fish oil ( § Indirect contact and protective atmosphere)

To calculate the quantity of O2 (in mg) that could be absorbed by the active film, we consider as first hypothesis that 1% of O2 remains in headspace even after N2 flushing. Some O2 remains also dissolved in oil, this quantity is assumed to be in equilibrium with the O2 partial pressure in headspace (1%).

The number of moles of O2 remaining in headspace is calculated from the perfect gas law as follows:

𝑛𝑛 𝑂𝑂 2,𝐻𝐻𝐻𝐻 = 𝑝𝑝 𝑇𝑇 𝑉𝑉 𝑅𝑅𝑇𝑇

Equation (A.1)

Where pT is the atmospheric pressure (1.013×10 5 Pa), V is the headspace volume (33×10 -6 m 3 ), R is the universal constant of perfect gas (8.32 J·mol -1 ·K -1 ) and T the temperature (293°K).

Then, the corresponding quantity of O2 dissolved in oil is calculated using the Henry's law:

𝑛𝑛 𝑂𝑂 2,𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑝𝑝 𝑂𝑂 2 𝑆𝑆 𝑂𝑂 2,𝑜𝑜𝑖𝑖 𝑜𝑜𝑜𝑜𝑜𝑜 Equation (A.2)
Where p O 2 is the O2 partial pressure in headspace (p O 2 = 0.01 × 1.013 × 10 5 ) and S O 2,in oil is the solubility of O2 in oil at 20°C, S O 2,in oil = 3.6x10 -8 mole·kg -1 ·Pa -1 taken from [START_REF] Chaix | Oxygen and Carbon Dioxide Solubility and Diffusivity in Solid Food Matrices: A Review of Past and Current Knowledge[END_REF].

According to Equations A.1 and A.2, the total quantity of O2 to absorb in the system at time 0 (O2 transfer from external atmosphere did not start) is: 8.21×10 -7 moles O2, for 25 ml of oil (supposing density of 0.9 for the fish oil) n O 2,total(HS+oil ) 1.45 ×10 -5 moles O2 (HS + oil) m O 2,total (HS+oil) 0.47 mg O2 to absorb (HS + oil)

The films used as lids in the indirect system with fish oil have the following characteristics:

• C-CE: contains 7.84 mg of chlorogenic acids per film area used as a lid (surface of the lid is 9.6 cm 2 , weight of the lid is 230 mg and thickness of the lid is 140 µm) • C-SE: contains 6.3 mg of chlorogenic acids per film area used as a lid (surface of the lid is 9.6 cm 2 , weight of the lid is 200 mg and thickness of the lid is 120 µm).

If we consider that chlorogenic acid behaves as gallic acid and can absorb O2 in the same amount, i.e. 80 mg of O2 absorbed per g of gallic acid in 4 days [START_REF] Pant | Gallic acid as an oxygen scavenger in bio-based multilayer packaging films[END_REF], we can calculate that:

• 0.627 mg of O2 could be absorbed by C-CE film containing 7.84 mg of (surface of the lid is 9.6 cm 2 , masse of the lid is 230 mg and thickness of the lid is 140 µm) • 0.504 mg of O2 could be absorbed by C-SE films containing 6.3 mg of chlorogenic acids Both quantities are higher than the quantity of O2 to absorb in the system (47 mg). We conclude that, assuming that chlorogenic acid behaves as gallic acid, active C-CE and C-SE films may have protected the oil based on their O2 scavenging properties.

Besides, the maximal O2 absorption capacity would be about 400 mg/g of active compound (still based on gallic acid, [START_REF] Pant | Gallic acid as an oxygen scavenger in bio-based multilayer packaging films[END_REF]. That means that the active films could absorb in total about 3 mg of O2. This correspond to O2 residuals obtained after several opening cycles in the film testing process.
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  3.7.1. Indirect contact and protective atmosphere: Primary lipid oxidation results measured by PV in fish oil samples protected with active films are shown in Fig 3A. The acceptability limit of 5 Meq O2/kg for fish oil (Codex Alimentarium Comission, 2017) was reached at day 4, indicating a propagation stage of lipid oxidation. The C-SE and C-CE films decreased PV values of fish oil between 80 to 90% in comparison with the control sample covered with aluminum foil (33.0, 67.2 and 364.2 Meq O2/kg, respectively) at the end of the storage period (Fig 3A). Moreover, C-SE and C-SE films showed lower PV values (p<0.05) than film control C-G-L (without extracts addition). Therefore, it seems that GCO residue extracts provided films with oxygen scavenging ability in a controlled atmosphere, which is a plausible hypothesis because the oxygen permeability of films with added GCO residue extracts showed a slight tendency to increase, and it was not significantly different from film control C-G-L. Bonilla et al. (2013) found satisfactory PV values in sunflower oil protected with sodium caseinate films with cinnamon or ginger essential oils when compared with control (aluminum foil); however, the protective effect of films against lipid oxidation was not directly related to the antioxidant capacity of the isolated essential oils. The extent of secondary lipid oxidation products that are formed by decomposition of hydroperoxides by means of β-scission reactions was measured by the TBARS method (Fig 3C). Fish oil showed similar TBARS values in samples protected with C-CE and C-SE at the end of storage period, which were significantly lower than film control C-G-L and aluminum control (Fig 3C). This indicates a decrease in the formation of secondary oxidation products by 80% (C-SE), 76% (C-CE) and 58% (C-G-L).

  caffeine. The residue extracts of cake (CE) and sediment (SE) provided CMC films with antioxidant capacity. The active C-CE and C-SE films showed high release of antioxidants in water (polar simulant), especially C-CE, while antioxidant migration sharply decreased into the less-polar simulant (ethanol 95%), with C-SE showing a better performance than C-CE. The incorporation of residue extracts and GCO slightly affect the oxygen barrier properties of CMC active films. The remarkable UV-Vis absorption
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 4 Defatting SE decreased 2-folds the UV-Vis barrier capacity in comparison with the non-defatted C-SE films, but it had no impact on transparency. Interestingly, defatting SE helped to better understand the effect of both

	showed low transmittance

work. An additional sample was prepared by using defatted GCO sediment extract (SE) into films (named hereafter C-SE def) to eliminate residual oil contribution in the light transmission and film transparency.

Table 1 .

 1 Quality parameters for cold-pressed green coffee oil (GCO) and its residues, cake (CE) and sediment extracts (SE).Data are reported as average and standard deviation (n=3); -stands for not determined.

	Parameters	GCO	CE	SE
	Free fatty acid value (%, as oleic acid)	6.0 ± 0.02	-	-
	Peroxide value (meq O2/kg)	2.5 ± 0.62	-	-
	Unsaponifiable matter (%)	13.06 ± 1.04	-	-
	Residual oil (%)	-	5.5 ± 0.23	58.1 ± 1.23
	Moisture (%)	-	4.38 ± 0.02	4.61 ± 0.02
	Yield (%)	4.2 ± 0.15	91 ± 1.68	4.6 ± 0.74

Table 2 .

 2 Chlorogenic acid content and caffeine in green coffee oil and its residues after pressing.

		Chlorogenic acids and caffeine content (mg/g d.b.)	
		CQA	FQA	diCQA	Caffeine
	Green coffee oil (GCO)	n.d.	n.d.	n.d.	2.4 ± 0.0 *
	Cake extract (CE)	74.2 ± 0.2 a	6.9 ± 0.1 a	17.4 ± 0.2 a	36.6 ± 0.2 b
	Sediment extract (SE)	68.1 ± 0.4 b	4.5 ± 0.1 b	18.5 ± 0.3 a	44.9 ± 0.2 a

  CMC: carboxymethyl cellulose film control; C-G-L: CMC film with glycerol and lecithin (25 and 4wt% based on CMC, respectively); C-CE and C-SE: CMC films with sediment extract and cake extract, respectively, 1:2 extract/CMC ratio. O2P measured at 23 ℃ and 50% RH. (*) WVP refers to control films and (**) films with cake and sediment extracts, respectively, at 40% (v/v) and GCO (10wt% based on CMC) in previous work (Lombo

				.40 ± 1.07 ab	7.12 ± 0.86 ab	6.48 ± 0.77 a *
	C-CE	3.42 ± 0.02 a	119 ± 8 ab 14.7 ± 0.6 b 8.28 ± 0.12 ab	7.46 ± 0.17 ab	5.86 ± 0.62 a **
	C-SE	3.35 ± 0.03 a	133 ± 9 a 15.0 ± 0.3 b	9.92 ± 0.72 a	7.80 ± 0.20 a	5.56 ± 0.62 a **

Table 5 .

 5 Antioxidant capacity of the developed active films and raw materials. CMC film with glycerol and lecithin (25 and 4wt% based on CMC, respectively); C-CE and C-SE: CMC films with sediment extract and cake extract, respectively, 1:2 extract/CMC ratio. The mass/solvent ratios for films and raw material were 1:50 and 1:10 w/v, respectively, during extraction. Different superscript letters (uppercase for raw materials, lowercase for films and (*) for GCO expressed as g of oil) indicate significant differences (p<0.05). Data are reported as average ± SD (n=3).

	Raw materials / films	DPPH (mmol Trolox equivalents/g of dry basis or oil)
	CE	11.05 ± 0.0 A
	SE	8.73 ± 0.01 B
	Unsaponifiable fraction	0.14 ± 0.0 C
	GCO	0.34 ± 0.0 *
	CMC film	n.d.
	C-G-L film	n.d.
	C-CE film	3.61 ± 0.01 a
	C-SE film	2.03 ± 0.01 b

CE: cake extract; SE: sediment extract; GCO: green coffee oil; CMC: carboxymethyl cellulose film control; C-G-L: n.d. stands for not detected.

Values are given as mean ± SD (n=3). * def: defatted raw material.

Appendix A.

Estimation of the O2 content absorbed by the active films in the food system with fish oil ( § Indirect contact and protective atmosphere)

To calculate the quantity of O2 (in mg) that could be absorbed by the active film, we consider as first hypothesis that 1% of O2 remains in headspace even after N2 flushing. Some O2 remains also dissolved in oil, this quantity is assumed to be in equilibrium with the O2 partial pressure in headspace (1%).

The number of moles of O2 remaining in headspace is calculated from the perfect gas law as follows:

Where pT is the atmospheric pressure (1.013x10 5 Pa), V is the headspace volume (33x10 -6 m 3 ), R is the universal constant of perfect gas (8.32 J.mol -1 K -1 ) and T the temperature (293 °K).

Then, the corresponding quantity of O2 dissolved in oil is calculated using the Henry's law:

Where p O 2 is the O2 partial pressure in headspace (p O 2 = 0.01 × 1.013x10 5 ) and S O 2,in oil is the solubility of O2 in oil at 20°C, S O 2,in oil = 3.6x10 -8 mole kg -1 Pa -1 taken from Chaix et al 2014 [START_REF] Chaix | Oxygen and Carbon Dioxide Solubility and Diffusivity in Solid Food Matrices: A Review of Past and Current Knowledge[END_REF].

According to Equations A.1 and A.2, the total quantity of O2 to absorb in the system at time 0 (O2 transfer from external atmosphere did not start) is: The films used as lids in the indirect system with fish oil have the following characteristics:

• C-CE: contains 7.84 mg of chlorogenic acids per film area used as a lid (surface of the lid is 9.6 cm 2 , weight of the lid is 230 mg and thickness of the lid is 140 µm)

• C-SE: contains 6.3 mg of chlorogenic acids per film area used as a lid (surface of the lid is 9.6 cm 2 , weight of the lid is 200 mg and thickness of the lid is 120 µm).

If we consider that chlorogenic acid behaves as gallic acid and can absorb O2 in the same amount, i.e. 80 mg of O2 absorbed per g of gallic acid in 4 days [START_REF] Pant | Gallic acid as an oxygen scavenger in bio-based multilayer packaging films[END_REF], we can calculate that:

• 0.627 mg of O2 could be absorbed by C-CE film containing 7.84 mg of (surface of the lid is 9.6 cm 2 , masse of the lid is 230 mg and thickness of the lid is 140 µm)

• 0.504 mg of O2 could be absorbed by C-SE films containing 6.3 mg of chlorogenic acids

Both quantities are higher than the quantity of O2 to absorb in the system (47 mg). We conclude that, assuming that chlorogenic acid behaves as gallic acid, active C-CE and C-SE films may have protected the oil based on their O2 scavenging properties.

Besides, the maximal O2 absorption capacity would be about 400 mg/g of active compound (still based on gallic acid, [START_REF] Pant | Gallic acid as an oxygen scavenger in bio-based multilayer packaging films[END_REF]). That means that the active films could absorb in total about 3 mg of O2. This correspond to O2 residuals obtained after several opening cycles in the film testing process.