Antioxidant starch- based films with encapsulated eugenol. Application to sunflower oil preservation.
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Abstract
	
Starch films containing eugenol, which was added to the film-forming dispersion in free form or encapsulated with different wall materials (whey protein or lecithin), were obtained by casting. The physical and the antioxidant properties of the films, the release kinetics of eugenol in different food simulants and their performance at preventing sunflower oil oxidation during storage were evaluated. Encapsulated eugenol modified the film microstructure, yielding less stretchable films with reduced water affinity, transparency and oxygen permeability as compared to films formulated with non-encapsulated eugenol. The addition of eugenol microcapsules containing oleic acid promoted the eugenol retention in the starch matrix during film formation and thus, these films exhibited the greatest antioxidant activity. Films developed with encapsulated eugenol powder containing lecithin and oleic acid were highly effective at preventing sunflower oil oxidation even throughout 53 days of storage at 30 ºC, maintaining low and almost constant values of peroxide index, conjugated dienes and trienes in comparison with the control samples. 

Key words: antioxidant, release, barrier properties, tensile and optical properties, sunflower oil.

1. Introduction

Current research efforts have been focused on the use of natural and biodegradable packaging materials, which could also contain active compounds, such as antioxidants and antimicrobial agents that provide them with several functional properties non-existent in conventional packaging systems (Carrizo, Taborda, Nerín & Bosetti, 2016).
The encapsulation of the active compounds in different wall systems can diminish the active losses during processing of packaging materials containing these compounds. Likewise, encapsulation can modulate the release kinetics of the active into the product (Valencia‐Sullca et al., 2016). Of the different encapsulation techniques, microencapsulation by spray-drying represents a common and interesting option since it is a fast process in which the temperatures reached are relatively low and thus, very convenient for the purposes of the microencapsulation of thermosensitive compounds (Barrow, Wang, Adhikari & Liu, 2013). This method could also contribute to improving the retention of volatile compounds in the final encapsulating powder (Jafari, He & Bhandari, 2007). 
The choice of the wall materials for the encapsulation of active ingredients is critical in the production of microparticles by spray-drying, since they greatly influence the properties of the emulsion before drying and the retention of the active compound and the life of the product in powdered form after drying (Botrel, de Barros Fernandes, Borges & Yoshida, 2014).  Whey protein (WP) and lecithin (L) are capable of successfully encapsulating active compounds and stabilizing oil-in-water emulsions (Bae & Lee, 2008). When developing micro and nanocapsules by means of spray-drying techniques, WP and L are often combined with carbohydrates like maltodextrins, since they increase oxidative stability due to the formation of a dry crust around the droplets during drying (Kagami et al., 2003). The addition of oleic acid in the capsule formulation can also increase the retention and stability of the hydrophobic active compounds (Pokharkar, Shekhawat, Dhapte & Mandpe, 2011).
The incorporation of different free or encapsulated active compounds into films can have an impact on their physical properties, which, in turn, can affect their functionality as packaging material (Sánchez-González, Arab-Tehrany, Cháfer, González-Martínez & Chiralt, 2015). The oxygen barrier properties of the packaging can directly affect the quality and shelf-life of the food product, since a high barrier capacity and potential oxygen scavenging ability could greatly reduce the oxidation reactions (Bonilla, Talón, Atarés, Vargas & Chiralt, 2013). In turn, the functional properties of the active compound could be affected by the release kinetics towards the food system (Sánchez-González, Cháfer, González-Martínez, Chiralt & Desobry, 2011a). These parameters have been little explored and are dependent on several factors, such as the food product characteristics and film structure.
Sunflower oil is rich in unsaturated fatty acids, mainly oleic and linoleic. Regular sunflower oil contains 69% linoleic acid, 20% oleic acid and 11% saturated fatty acids (Khan, Choudhary, Pandey, Khan & Thomas, 2015), although several varieties of sunflower oil are produced containing high linoleic, high stearic (∼18%) and high oleic (∼70%) acids (Anushree, André, Guillaume & Frédéric, 2017). The highly reactive nature of the unsaturated fatty acids is associated with their oxidation (rancidity), which can modify the organoleptic properties of the oil, causing losses in nutritional value and quality (Kucuk & Caner, 2005) and affecting its shelf life.
Starch-based films possess high oxygen barrier capacity (Jiménez, Fabra, Talens & Chiralt, 2012a) and could be a low-cost biodegradable alternative for oil packaging, mainly for flexible unitary dose packs. The appropriate OP of an edible film or coating depends on its application. For example, when the edible film is used on high fat foods, the oxygen permeability must be very low. On the other hand, the functional properties of these films can be enhanced by incorporating natural antioxidant compounds which can act as oxygen scavenging agents (Bonilla et al., 2013). 
Eugenol is a natural phenolic compound abundant in clove (90%) and cinnamon (60%) essential oils with interesting antimicrobial and antioxidant properties (Chatterjee & Bhattacharjee, 2013; Kamatou, Vermaak & Viljoen, 2012). Eugenol has been widely used in pharmaceuticals, cosmetics and food products and, recently, in active packaging for food preservation (Sanla‐Ead, Jangchud, Chonhenchob & Suppakul, 2012). This natural compound could be incorporated into the formulation of bioactive films to be used for food preservation, leading to an antioxidant effect on the surface of the product, thus preventing the occurrence of some oxidative reactions. However, it is difficult to handle due to the limited water solubility and it is susceptible to a loss of functionality during its handling or processing (Choi, Soottitantawat, Nuchuchua, Min & Ruktanonchai, 2009).
The aim of this study was to evaluate the physical properties, the release kinetics in different food simulants and the antioxidant performance for the sunflower oil preservation of corn starch-based films containing eugenol. The latter was added to the film-forming dispersions in free form or microencapsulated (powder) with different wall-materials (whey protein or lecithin). 


2. Materials and methods

2.1. Raw materials

To obtain the microencapsulated eugenol, lecithin (L) lipoid S45 (Batch 574510, Lipoid, Germany), whey protein isolate (WP) 90S (Batch 131848) and maltodextrin (MD) Kyrosan E18 (Batch 02157372) from Haarla (Tampere, Finland), Eugenol (E) (Batch STBD6235V, Sigma-Aldrich, Madrid, Spain) and purified oleic acid (OA) (Batch 15C030505, VWR Chemicals Germany) were used.
Corn starch (S) (Batch RMA12, Roquette Laisa SA, Benifaió, Spain) and glycerol (Panreac Química SLU, Castellar del Vallès, Barcelona, Spain) were used to prepare the films. 
2,2-Diphenyl-1-pikryl-hydrazyl (DPPH) and Folin-Ciocalteu, from Sigma-Aldrich (Madrid, Spain) and glacial acetic acid, absolute ethanol, methanol, sodium carbonate (Na2CO3), magnesium nitrate (Mg(NO3)2) and phosphorus pentoxide (P2O5), provided by Panreac Química SLU (Barcelona, Spain) were used to carry out the different analyses.

2.2. Preparation of the microcapsules

Microencapsulated eugenol was obtained as described in a previous study (Talón, 2018), by spray-drying. Briefly, 43% (w/w) of WP:MD or L:MD solids (ratio 1:42) and 3% (w/w) of eugenol (total eugenol amount: 65.22 mg Eu/g powder) with and without 7% (w/w) of OA (total eugenol amount: 56.60 mg E/g powder) were dissolved. All the dispersions were homogenized with a rotor-stator (Ultra-Turrax T 25 Basic, IKA Werke GmbH and Co. KG, Germany) at 11,000 rpm for 6 minutes, and afterwards were microfluidized three times with a high-pressure homogenizer (Microfluidics M-110Y, Newton, Massachusetts, USA) at 103.4 MPa. The different microencapsulated eugenol powders were obtained by using a spray-drier (Mobile Minor TM spray-drier, GEA Niro, GEA Process Engineering A/S, Søborg, Denmark) with a rotary atomiser with an inlet air temperature of 180°C. The outlet temperature was kept at 80 ± 2 °C by controlling the feed rate.


2.3. Preparation of the films

Firstly, an aqueous starch dispersion 3% (w/w) was heated at 95°C for 30 minutes, in order to gelatinize the starch, shaking every 5 minutes. Thereafter, the dispersion was cooled for 10 minutes in an ice bath and glycerol was added in a starch:glycerol ratio (w/w) of 1.5:0.5. The formulations were homogenized with a rotor-stator (Yellow Line DL 25 Basic, IKA, Janke and Kunkel, Germany) at 13,500 rpm for 3 minutes and degassed by means of a vacuum pump. Free Eugenol (E) or microencapsulated eugenol powder were then added to obtain the film-forming dispersions (FFDs) by using a rotor-stator (13,500 rpm, 3 minutes) and by magnetic stirring for 5 minutes, respectively, with the starch eugenol ratio shown in Table 1 (about 0.017 – 0.029 g E/ g total solids). FFDs were poured into Teflon plates by keeping the total amount of starch and glycerol constant (11 mg/cm2) in the plate.  After drying at controlled relative humidity and temperature (53% RH and 25°C), the films were conditioned in a desiccator at 25°C and 53% RH, using an oversaturated Mg(NO3)2 solution.

2.4. Characterization of the films

2.4.1. Microstructure, moisture content, solubility and thickness

The microstructure of previously dehydrated film samples was observed by Field emission scanning electron microscopy (FESEM) (JEOL, model JSM-5410, Japan). The samples were cryofractured by immersion in liquid nitrogen in order to observe the cross-section surfaces, mounted on the sample holder using the double-sided carbon tape, coated with platinum and observed using an accelerating voltage of 2 kV.
The water content (g H2O/100 g dry matter) of the different conditioned films was determined by placing them into a vacuum oven (TEM-T vacuum. J.P. Selecta, S.A., Barcelona, Spain) at 60°C for 48 hours and later on, in a desiccator with phosphorus pentoxide until reaching constant weight. Three replicates were considered per formulation.
For the solubility test, pieces of dry samples were transferred to a mesh of known weight and distilled water was added in a film-water ratio of 1:50 for 7 days at 20°C. The meshes with the samples were placed in an oven (J.P. Selecta, S.A., Barcelona, Spain) at 60°C for 48 hours and subsequently, were transferred to a desiccator with phosphorus pentoxide until constant weight was reached. The assay was performed in triplicate and the results were expressed as g of solubilized film/100 g film.
The film thickness was measured at sixteen random points on three samples of all the formulations conditioned at 25°C and 53% RH by means of a digital electronic micrometer with an accuracy of 0.001 mm (Palmer model COMECTA, Barcelona).

2.4.2. Barrier, tensile and optical properties 

Water vapour permeability (WVP) was determined gravimetrically following a modification of the ASTM E96-95 gravimetric method (1995), at 25°C and a RH gradient of 53–100%, using Payne permeability cups (Talón et al., 2017). The side of the films in contact with air during film drying was exposed to the atmosphere at the lowest RH (53%). The cups were weighed periodically using an analytical balance (ME36S, Sartorius, Germany; ±0.00001 g) at intervals of 1.5 h for 24 h after the steady state had been reached. The slope of the weight loss versus time was plotted and the WVP was calculated according to Bonilla et al. (2013).
Oxygen permeability (OP) was determined by following the ASTM Standard Method D3985-05 (2010). Three 50 cm2 replicates of each formulation were measured by using the Ox-Tran equipment (Model 1/50, Mocon, Minneapolis, USA) at 25°C and 53% of RH. Oxygen permeability was calculated by dividing the oxygen transmission rate (OTR) by the difference in oxygen partial pressure between the two sides of the film and multiplying by the film thickness.
The mechanical behavior of the films was analyzed using a Universal Testing Machine (Stable Micro System TA-XT plus, Haslemere, England) following ASTM standard method D882 (2001). The thickness of eight pre-conditioned film pieces of 25 mm × 100 mm was measured at six random points by means of an electronic digital micrometer (Comecta S.A., Barcelona, Spain), were mounted in the film’s extension grip and stretched at a rate of 50 mm·min-1 until breaking. Force-distance curves were obtained and transformed into stress-strain curves. The tensile properties were analysed in terms of elastic modulus (EM), tensile strength (TS) and percentage of elongation at break (%E).
Optical properties were determined in triplicate by measuring the reflection spectrum of the samples from 400 to 700 nm of wavelength using a MINOLTA spectrocolorimeter (model CM-3600d, Minolta CO., Tokyo, Japan). The transparency was measured by means of the internal transmittance (Ti), applying the Kubelka-Munk theory of the multiple dispersion of reflection spectrum (Hutchings, 1999) given the reflection spectra of both black and white backgrounds. Measurements were taken on the side of film which was in contact with air during film drying. CIEL*a*b* colour coordinates and chromatic parameters (chroma and hue) were obtained from the reflectance of an infinitely thick layer of the material by considering illuminant D65 and observer 10°. 

2.4.3. Quantification of eugenol in the films and antioxidant activity

The antioxidant activity of the films was carried out by using two different methodologies: 2,2-diphenyl-1-pikryl-hydrazyl (DPPH) (Brand-Williams, Cuvelier & Berset, 1995) and Folin-Ciocalteu (Stojanovic et al., 2012). Since eugenol is a phenolic compound, it is also possible to relate its antioxidant power to the total amount of the compound. 
The film samples (1.5 g) were dispersed in 100 mL of methanol and kept under stirring for 15 days for the purposes of taking the antioxidant activity measurements. After that, the samples were homogenised by using the rotor-stator (Yellow Line DL 25 Basic, IKA, Janke and Kunkel, Germany). 
The antioxidant capacity was determined by means of DPPH by mixing between 0.15 and 1.05 mL (0.15 ml volume increments) of different appropriately diluted samples with a methanol solution of DPPH˙ (with an absorbance of 0.70 ± 0.02 ( = 515 nm), as described by Talón et al. (2017). The samples were kept in the dark in covered cuvettes for 4 hours, when the reaction stabilized (Bortolomeazzi, Sebastianutto, Toniolo & Pizzariello, 2007). The absorbance measurements ( = 515 nm) were taken in a spectrophotometer (Evolution 201 VisibleUV, ThermoScientific, Germany). The assay was performed in triplicate and the DPPH˙ concentration (mM) in the reaction medium was calculated from the calibration curve determined by linear regression. The percentage of the remaining DPPH˙ (% DPPH˙rem) was calculated following equation 1.


														equation 1

Where, the DPPH˙t=4h is the concentration of DPPH after 4 hours and DPPH˙t=0 is the concentration at the start of the reaction.
From these values, ​​the EC50 (Efficient Concentration) parameter was determined, which indicates the antioxidant concentration necessary to reduce 50% of initial DPPH. To perform the Folin-Ciocalteu analyses, 100 µm of appropriately diluted samples was mixed with 0.5 mL of Folin-Ciocalteu reagent and 1.5 mL of Na2CO3 and was completed with distilled water until 10 mL. After 2 h of reaction, a spectrophotometer (Evolution 201 VisibleUV, ThermoScientific, Germany) was used to measure the absorbance of the samples at 765 nm, in triplicate. Pure eugenol was used as a standard and the results were expressed as mg·L−1 of eugenol. 

2.5. Kinetics of eugenol release

Three food simulants of differing polarities were used to perform the release rate of eugenol from the different films according to the Commission regulation (EU) 10/2011 (14 January 2011): ethanol 10% (v/v) (ET10%), ethanol 20% (v/v) (ET20%) and ethanol 50% (v/v) (ET50%). Pieces of films from each formulation with controlled weight were cut into small parts and placed into vials containing 100 mL of each food simulant. Release studies were carried out in triplicate for 16 days at 22°C under stirring conditions. Successively, the samples were taken after different film-solvent contact times and the absorbance was measured at 282 nm where eugenol absorbance shows a maximum (Pramod, Ansari & Ali, 2013) by means of a spectrophotometer (Evolution 201 VisibleUV, ThermoScientific, Germany). The absorbance measurements were related to the corresponding standard calibration curve, expressed as mg of eugenol per gram of film.
To predict the release kinetics, Peleg’s model (Peleg, 1988), described by equation 2, was applied to the experimental data:
 

																				equation 2

where Mt is eugenol content at time t, M0 is the initial eugenol content, k1 is the kinetic constant of the model that is inversely related to the mass transfer rate at the beginning of the process and k2 is a constant of the model that is related to the asymptotic value, which can be related to the equilibrium value (1/M∞, where M∞ is the amount of active compound released at equilibrium).

2.6. Antioxidant performance of the films in sunflower oil

The films that showed the greatest antioxidant activity and adequate mechanical behavior were considered as potential packaging materials for sunflower oil. To evaluate the antioxidant performance, film samples (area of 11 cm × 6 cm) containing 10 mL of commercial sunflower oil were thermosealed with a vacuum packing machine (SAECO Vacio Press Elite, Barcelona, Spain) to form bags, as described by Galarza et al. (2017). The protective effect of films in delaying sunflower oil oxidation was evaluated and compared to that of low density polyethylene (PE) and pure corn starch films (S). As control, an open glass Petri dish containing 10 mL of sunflower oil was considered. All the samples were stored at 30 ºC and 53 %RH and exposed to fluorescent light at an intensity of 1000-1500 lux (measured by using a digital Luxometer; model RS Pro ILM1332A, RS Components, Madrid, Spain). The oxidative stability of sunflower oil was measured in terms of the peroxide value (PV) and diene and triene content after 0, 4, 7, 11, 14 and 18 days of storage. Furthermore, the long-term effectiveness of S and S-EOA-L films at preventing oil oxidation was also measured after 53 days of storage, in terms of PV and diene and triene content.
In order to determine the PV of the samples, the titrimetric method was employed by using an automatic titrator (Titrando, Metrohm Ion Analysis, Switzerland). To this end, 1 g of oil was dissolved in 10 mL of solvent (glacial acetic acid:1-decanol volume ratio of 3:2, containing 10-15 mg·L-1 of iodine) and mixed with 200 μL of an oversaturated KI solution. The mixture was thoroughly sacked and kept in a dark place for 1 min. Then, 50 mL of distilled water was added, and the solution was titrated with 0.01M or 0.001M Na2S2O3, depending on the PV predicted. A blank control sample, without sunflower oil, was also prepared by following the same procedure described. All the analyses were performed in triplicate.
The conjugated dienes and trienes were determined by means of a spectrophotometric method, according to European Regulation EC2568/91. The absorbance of the appropriately diluted samples in isooctane was measured at wavelengths of 232 nm and 268 nm to determine the conjugated dienes and trienes, respectively (spectrophotometer Evolution 201 VisibleUV, ThermoScientific, Germany). 

2.7. Statistical analysis

The results were submitted to an analysis of variance (ANOVA) using Statgraphics Centurion XVI software (Manugistics Corp., Rockville, Md.). Fisher′s least significant difference (LSD) procedure was used at the 95% confidence level.


3. Results and discussion

3.1. Microstructure

The microstructure of the films was studied to observe potential differences in the arrangement of the different components, to evaluate the effects on the film microstructure of the active compound incorporation, and for a better understanding of the films’ physical properties. The microstructure of the cross-section of the films is shown in Figure 1. As can be observed, the presence of free eugenol (S-E) did not notably affect the microstructure of the starch matrix. This could be due to the loss of eugenol during the film drying process and the good integration of the remaining eugenol within the polymer matrix.
[bookmark: _Hlk502784559]When eugenol was incorporated as microencapsulated powder, the film microstructure was modified, which reveals the partial disintegration of capsules and the incorporation of the capsule material to the starch matrix. This was mainly observed for capsules with L (S-E-L and S-EOA-L), where a certain level of phase separation was observed. In films containing capsules with OA, some structural discontinuities appeared, in accordance with the lack of miscibility of the released OA in the starch phase (Fabra, Talens, & Chiralt, 2009). In these films, small voids produced by OA droplets when they evaporated under vacuum conditions in the FESEM equipment were observed. This coincides with the observations of Jiménez, Fabra, Talens & Chiralt (2012b) in starch films containing fatty acids. In films containing L, the effect of OA addition was less marked, probably due to the formation of OA-L micellar associations which reached a better dispersion in the starch matrix. 

3.2. Physical properties of the films

3.2.1. Moisture content, solubility and thickness

The moisture content, solubility, thickness and barrier, mechanical and optical properties of films are shown in Table 2. The thickness of the films significantly increased with the addition of the encapsulated material, especially when it contained OA in the formulation. 
The highest equilibrium moisture content (EMC) of the films stored at 53% RH and 25°C was observed for S and S-E films due to their higher mass fraction of starch and glycerol (Table 1). Glycerol contains hydroxyl groups capable of interacting with water by means of hydrogen bonds, providing greater affinity for water in the films (Farahnaky, Saberi & Majzoobi, 2013). The incorporation of microencapsulated eugenol significantly decreased the EMC of the films, possibly due to the reduced starch and glycerol content (Table 1). As expected, EMC was reduced significantly in films containing OA (S-EOA-WP and S-EOA-L) (p<0.05) in line with the more hydrophobic nature of this compound (Sánchez-González, Chiralt, González-Martínez & Cháfer, 2011b).
As concerns water solubility, the lowest values were obtained in S-E and S formulations. The incorporation of encapsulated eugenol produced a significant (p<0.05) increase in solubility, consistent with the soluble character of the wall materials, especially MD. S-EOA-WP and S-EOA-L films showed intermediate values due to the presence of OA, which implied an increase in the lipid fraction that is not water soluble. 

3.2.2. Barrier properties

It is widely recognized that the biopolymer films offer a barrier to gases and the differences in permeability values are ascribable to the nature of the film components and the film microstructure (e.g. increase in density, pore formation, presence, channelling and packing pattern of the lipids in the lipid-biopolymer films). The increase in oxygen solubility in the films when their water content rose has also been reported (Srinivasa, Ramesh & Tharanathan, 2007; Valenzuela, Abugoch & Tapia, 2013). In Table 2, the oxygen barrier properties of the films are shown. The incorporation of free eugenol did not significantly affect the OP values of pure starch films, which could be due to the low amount of eugenol retained in the films. However, incorporating encapsulated eugenol significantly (p<0.05) decreased the OP values of the films. This may be attributed to the lower water content of the films and to the oxygen scavenging property of eugenol.  Bonilla et al. (2013) obtained similar results when adding lipids with antioxidant properties to hydrocolloid-based films. When the lipid shows antioxidant activity, a chemical oxygen blocking effect produced by the lipid could be responsible for the reported improvement in the oxygen barrier properties. In the same way, Jiménez, Fabra, Talens & Chiralt (2013) observed a similar reduction in the OP when incorporating tocopherol into starch-sodium caseinate films. This effect was less noticeable in those formulations incorporating OA, in agreement with both the liquid state of the oil as well as its more hydrophobic nature, which facilitates oxygen transport in the matrix (Atarés, Pérez-Masiá & Chiralt, 2011).
The addition of essential oils to hydrophilic films usually leads to a reduction in the WVP, as it promotes an increase in both the matrix hydrophobicity and tortuosity factor for mass transport (Acosta et al., 2016). In the present study, no changes in WVP values were observed when eugenol was incorporated into the starch matrix in free form (Table 2). Nevertheless, a significant increase in the WVP was obtained when eugenol was added as WP-based microcapsules, especially when they contained OA. In contrast, eugenol encapsulated in L-based powder did not affect the WVP values, except when it contained OA, when WVP also increased. The water vapor transfer process in films depends both on the hydrophilic/hydrophobic ratio of the film constituents, which affects the solubility of water molecules, as well as on the heterogeneity of the component arrangements (dispersed phases), which determine the prevalent diffusion pathways and tortuosity factor of the matrix. WP is more hydrophilic than L and so will introduce differences in the hydrophilic/hydrophobic nature of the matrix which affect the water solubility (Ahmad, Benjakul, Prodpran & Agustini, 2012). Likewise, the presence of OA in the capsules leads to a more open matrix, where the starch chains may be hindered in its packing, thus offering more facilities for mass transport (Kechichian, Ditchfield, Veiga-Santos & Tadini, 2010).

3.2.3. Mechanical properties

The tensile strength (σ) and the elongation at break (%E) are the maximum stress and elongation that a film can withstand before it breaks up, respectively (Parris & Coffin, 1997). The elastic modulus (EM) is related to the stiffness of the material at low strains. These three mechanical parameters are useful for describing the mechanical properties of the films, and are closely related to its structure (McHugh & Krochta, 1994) and they are shown in Table 2. Pure starch films showed a mechanical behavior similar to that found in previous studies (Talón et al., 2017). 
In general, when free or encapsulated eugenol was added to starch films, they became significantly more extensible (greater %E) and less rigid (with lower EM values), with no remarkable differences among films.  Lipids (eugenol, lecithin or OA) interfere in the polymer chain association in the films, which implies a reduction in the polymer matrix cohesion forces and favoured the sliding of the chains during film stretching, thus reducing EM and increasing %E values (Bonilla, Atarés, Vargas & Chiralt, 2012). This more plastic behaviour was more marked in S-E-OA-L films, surely to their greater total lipid content. 

3.3. Optical properties

Table 3 shows the lightness, chrome and hue of the films. Starch films containing free eugenol became slightly more yellow (higher h*ab values) with respect to pure starch films. The incorporation of microencapsulated eugenol significantly reduced the lightness and hue and increased the chrome (towards a more saturated colour), especially in films containing L, in line with the natural colour of L, as can be observed in Figure 3. 
The addition of microencapsulated eugenol to films reduced the Ti values, especially in those films containing oleic acid. Jiménez, Sánchez-González, Desobry, Chiralt & Tehrany (2014) observed similar behaviour when adding nanoliposomes in corn starch and sodium caseinate films, which exhibited reduced Ti values, mainly at low wavelengths.

3.4. Antioxidant capacity of the films

The EC50 and total eugenol content values of the films are shown in Table 4. The lower the EC50 values, the greater the antioxidant activity of the tested sample. The reaction lasted for 4 hours, based on previous studies (Talón, 2018). A similar reaction time was found by Bortolomeazzi et al. (2007) in studies carried out with eugenol and other polyphenols from wood smoke and smoke flavourings used by the food industry.
As can be observed, all the formulations exhibited antioxidant activity (all were capable of reducing 50% of DPPH). The EC50 value of pure eugenol was in accordance with the results obtained by Brand-Williams et al. (1995). There were significant differences among the films (p <0.05), which were consistent with the different total eugenol retention in each film (Table 4). Thus, the lowest antioxidant activity (AA) was found in films containing non-encapsulated eugenol (the greatest EC50 value), in agreement with the lowest total eugenol content (1.82 mg E/g film). The loss of eugenol during film drying was in the range of the losses reported by Sánchez-González et al. (2011a) during the formation of chitosan films containing essential oils.
When eugenol was previously microencapsulated, the total eugenol content detected in the films significantly increased, and thus the antioxidant activity was also improved (lower EC50). The lowest EC50 values (and so, the greatest AA) were found in those formulations incorporating OA, especially in S-EOA-L films (5.6 mg E/g film). Thus, the addition of oleic acid and L as carriers improved the eugenol retention capacity of the polymer matrix and thus the preservation of its antioxidant activity during film formation.  This can be explained by the affinity of eugenol to OA, which contributed to the binding of the compound. Monedero et al. (2010) observed similar behaviour when studying the release of n-hexanal from soy protein films with blends of beeswax and OA. Pokharkar et al. (2011) also observed a positive effect of OA on the retention of eugenol in nanostructured gels with mixtures of stearic acid and OA.

3.5. Eugenol release kinetics

Table 5 shows Peleg’s model kinetic constants (k1 and k2) for the three food simulants. In every case, a good fit of the model was obtained (R2 ≥ 0.98) as can be seen in Figure 2.
It is remarkable that the films initially presented different eugenol contents (Table 4), which were consistent with the values obtained at equilibrium (M∞) in each case. 
The increasing polarity of the simulant affected the % of eugenol released but this effect depended on the formulation used. Thus, in films with free eugenol (S-E), the amount of eugenol released rose together with the polarity of the simulant, this being significantly higher in the case of the ET50% (the least polar solvent), due to the stronger affinity of the free eugenol to this simulant. The opposite trend was observed in OA-based formulations, probably due to the greater affinity of eugenol to OA, which promotes its retention in the oil phase, leading to a slightly smaller release. In general, the release of eugenol in S-E-L and S-E-WP films was not significantly affected by the type of simulant. 
Taking these results into account, films incorporating OA were selected because they better preserved the initial eugenol content, leading to a higher amount of eugenol released over time even when the least polar simulant was used (1.6-2.8 mg E /g film). When comparing S-EOA-WP and S-EOA-L films, the latter showed a significantly higher percentage of released eugenol (50%). 
The release rate (k1) usually depended on the film structure and the affinity between the released compound and the surrounding medium. In this study, the greatest differences were found between the eugenol release rate in films containing E in free form and encapsulated. As expected, the encapsulation allowed the initial release rate in the different media to slow down (p<0.05), in comparison with the films incorporating free E. No noticeable differences were found among the different films containing encapsulated E, except for the S-EOA-L formulation which showed the lowest k1 values. 
In every case, the release rate significantly decreased (p<0.05) when the simulant polarity rose, in line with the lower capacity of the medium to hydrate and open the polymer matrix structure.

3.6. Antioxidant performance of the films in preventing sunflower oil oxidation

As commented on above, the S-EOA-L film was selected as a potential food packaging material due to its interesting mechanical properties together with its higher eugenol content and greater antioxidant capacity (Table 4).
Thus, the antioxidant power of S-EOA-L films in protecting sunflower oil was evaluated through the analysis of the evolution of the peroxide index (PV) for 18 days, at 30 ºC and 53% RH, with the presence of light to promote oil oxidation. The PV is associated with the presence of peroxides derived from the polyunsaturated fatty acids present in the sample. Hydroperoxides are produced as primary oxidation products that could be derived into secondary products. Thus, the PV shows the initial oxidation stage (Sadeghi, Karami & Etminan, 2017). 
For comparison purposes, a commercial low-density polyethylene packaging (PE), a pure starch film (S, without eugenol) and an open glass Petri dish (Open Control) containing sunflower oil and submitted to the same environmental conditions were also used. 
Figure 3 shows the evolution of PV and conjugated dienes and trienes during storage. The initial PV of sunflower oil was 1.34 mEq O2/kg, in agreement with other studies (Mohdaly, Sarhan, Mahmoud, Ramadan & Smetanska, 2010). As observed, different ranges of PV were reached and significant differences among control samples (Open Control and PE) and those packaged using starch-based films were detected (p<0.05). A continuous increase in PV was observed in line with the lengthening of the storage period for every control (S, PE, and Open Control), reaching values of 9.4 mEq/kg, 135.8 mEq/kg and 115.8 mEq/kg, respectively after 18 days of storage.  The smallest increase in PV was registered for samples packaged in S and S-EOA-L films. This could be explained by the low OP of these films, with no significant differences in terms of oxygen barrier properties (Table 2). In samples packaged with S-EOA-L films, PV was kept at an average of 3 mEq O2/kg during the entire storage period, reaching the smallest significant values at storage times longer than 7 days, thus indicating the great antioxidant effect of eugenol in this film. Reis et al. (2015) also observed a reduction in the oxidation ratio in terms of the PV of palm oil packaged in cassava starch films containing antioxidants from yerba mate.
In order to demonstrate the long-term effectiveness of S-EOA-L film packaging at preventing oil oxidation as compared to S films, PV was also measured after 53 days of storage. Samples packaged with S films reached a PV value of 10.69 ± 1.09 mEq/kg, which was above the peroxide limit established by the Codex Alimentarius (1999) for refined oils (10 mEq/kg). However, samples packaged in S-EOA-L films showed a PV value of around 4.0 ± 0.4 mEq/kg, thus underlining the long-lasting antioxidant effect of S-EOA-L films. 
The conjugated dienes and trienes were also measured and the results are shown in Figure 3B and 3C. These compounds are formed by the rearrangement of the hydroperoxide double bonds during oxidation (Mohdaly et al., 2010). Thus, conjugated dienes represent the primary degradation products of oil and could be used to confirm the PV content while conjugated trienes are related with the secondary products of the oxidation. The initial contents of conjugated dienes and trienes were 3.81 g/100g and 2.85 g/100g, respectively. Both the samples packaged with PE and the Open Control samples showed an increase in conjugated dienes, which was proportional to the increase in PV. However, both S-EOA-L and S films maintained low values of conjugated dienes during the entire storage period, which indicates that these films prevent the occurrence of primary degradation products. The conjugated trienes remained constant during the whole storage period in the case of every sample, which shows that sunflower oil oxidation process did not reach the second stage of degradation (Galarza, Costa, de Oliveira Rios & Flôres, 2017).


Conclusions

The addition of eugenol encapsulated with lecithin or whey protein in starch-based films modified the microstructure and yielded less resistant films with reduced moisture content, transparency and oxygen permeability as compared to those prepared with free eugenol. The release kinetics of eugenol in different food simulants and their antioxidant effect were influenced by the wall material used for the encapsulation and by the polarity of the solvent. The addition of oleic acid and lecithin promoted the preservation of both the initially added eugenol and the antioxidant activity of the films. Films containing eugenol with lecithin and oleic acid were highly effective at preventing sunflower oil oxidation in accelerated storage conditions. 
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Figure 1. Field emission scanning electron microscope micrographs of the cross-sections of the films. S: starch; S-E: starch film containing free E; S-E-WP: starch film containing encapsulated E in whey protein; S-EOA-WP: starch film containing encapsulated E in whey protein and OA; S-E-L: starch film containing encapsulated E in lecithin; S-EOA-L: starch film containing encapsulated E in lecithin and OA. The arrow in the S-E-L micrograph points out to the phase separation layer.















Figure 2. Percentage of eugenol released with respect to the total eugenol content as a function of time in different solvents: experimental data ( S-E-WP;  S-EOA-WP;   S-E-L;   S-EOA-L;   E-S) and Peleg ́s fitted model (- - - S-E-WP - - - S-EOA-WP; ___ S-E-L; ___ S-EOA-L; ··· S-E).
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Figure 3. A) Peroxide Value (meq O2/kg), B) conjugated dienes and C) conjugated trienes (in g/100g) of sunflower oil packaged with S-EOA-L (), S (×) and PE () films and in a glass Petri dish ( Open Control). abc Different letters in the same time indicate a significant difference among formulations at each time (p<0.05). 







Table 1. Nominal mass fraction (g/g total solids) of the different components of the films, including capsule compounds, and theoretical starch:eugenol (S:E) ratio. 
	Film
	S*
	Gly*
	WP*
	LE*
	MD*
	E*
	OA*
	S:E

	S
	0.750
	0.250
	-
	-
	-
	-
	-
	

	S-E
	0.728
	0.243
	-
	-
	-
	0.029
	-
	1:0.040

	S-E-WP
	0.500
	0.167
	0.007
	-
	0.305
	0.021
	-
	1:0.040

	S-EOA-WP
	0.500
	0.167
	0.006
	-
	0.266
	0.017
	0.044
	1:0.034

	S-E-L
	0.500
	0.167
	-
	0.007
	0.305
	0.021
	-
	1:0.040

	S-EOA-L
	0.500
	0.167
	-
	0.006
	0.265
	0.018
	0.044
	1:0.036


* S: Starch, Gly: Glycerol, E: Eugenol, WP: Whey Protein Isolate, OA: Oleic acid, LE: Lecithin


















Table 2. Oxygen permeability (OP, cm3·mm·m-2·atm-1·day-1), water vapor permeability (WVP, g·mm·KPa-1·h-1·m-2), equilibrium moisture content (EMC, g H2O·100-1g dry film), water solubility (WS, g soluble film/100-1g film), thickness (µm), elastic modulus (EM, MPa), tensile strength (σ, MPa) and percentage of elongation (%E) at break of films equilibrated at 25°C-53% RH. Mean values and (standard deviation).

	Formulation
	OP (cc·mm/
(m2·atm·day)
	WVP (g·mm/KPa·h·m2)
	EMC (g H2O/100g dry film)
	Solubility (g soluble film/100g film)

	S
	0.537 (0.019)c
	5.33 (0.08)a
	14.2 (0.3)d
	24 (4)a

	S-E
	0.49 (0.02)bc
	5.31 (0.19)a
	13.3 (0.3)c
	22 (8)a

	S-E-WP
	0.13 (0.03)a
	5.79 (0.11)b
	10.80 (1.02)b
	45 (5)b

	S-EOA-WP
	0.324 (0.016)ab
	5.94 (0.06)bc
	9.7 (0.2)a
	37 (2)b

	S-E-L
	0.26 (0.14)ab
	5.4 (0.3)a
	10.18 (0.19)ab
	46 (4)b

	S-EOA-L
	0.6 (0.3)c
	6.12 (0.13)c
	9.5 (0.2)a
	37 (5)b

	Formulation
	Thickness (µm)
	EM (MPa)
	σ (MPa)
	%E

	S
	82 (5)a
	238 (38)c
	6.5 (0.7)b
	15 (5)a

	S-E
	85 (6)b
	167 (94)b
	6.3 (1.6)b
	30 (9)b

	S-E-WP
	121 (7)c
	283 (43)c
	8.4 (1.4)c
	36 (5)bc

	S-EOA-WP
	133 (7)d
	158 (70)ab
	4.3 (0.8)a
	33 (9)bc

	S-E-L
	132 (5)d
	109 (25)a
	4.4 (1.0)a
	40 (8)cd

	S-EOA-L
	136 (6)e
	144 (27)ab
	4.9 (0.9)a
	45 (11)d


      abcde Different letters in the same column indicate significant difference among formulations (p<0.05).










Table 3. Lightness (L*), hue (hab*), chroma (Cab*) and internal transmittance (Ti) at 460 nm of wavelength values of the film. Average values and standard deviations.
	Films
	L*
	Cab*
	hab*
	Ti (460 nm)

	S
	82.21 (1.05)d
	3.3 (0.3)a
	102.1 (1.4)f
	0.857 (0.003)d

	S-E
	82.7 (0.3)d
	6.367 (0.103)b
	93.5 (0.5)e
	0.86 (0.00)d

	S-E-WP
	79.2 (0.4)b
	11.9 (0.3)c
	87.13 (0.15)c
	0.836 (0.003)c

	S-EOA-WP
	79.9 (0.7)c
	13.2 (0.5)d
	91.6 (0.4)d
	0.806 (0.004)b

	S-E-L
	78.0 (0.7)a
	14.0 (0.3)e
	78.6 (0.3)a
	0.830 (0.003)c

	S-EOA-L
	77.36 (0.10)a
	18.2 (0.4)f
	83.6 (9.3)b
	0.751 (0.013)a



abcdef Different letters in the same column indicate a significant difference among formulations (p<0.05).






[bookmark: _Hlk502695667]Table 4. Antioxidant activity of films containing free and microencapsulated eugenol, expressed in terms of EC50 values, and their total eugenol content calculated by the Folin-Ciocalteu method.
	Sample
	EC50 (mg film/mg DPPH)
	EC50 (mg E/mg DPPH)
	mg E/g film
	Eugenol retention (%)

	S-E
	117 (12)d
	3.8 (0.4)d
	1.82 (0.14)a
	5.6 (0.4)a

	S-E-WP
	87 (4)c
	2.07 (0.10)c
	2.3 (0.5)ab
	11 (2)ab

	S-EOA-WP
	40.9 (1.3)a
	0.84 (0.03)b
	4.5 (0.3)c
	27 (2)c

	S-E-L
	74 (2)b
	1.81 (0.06)c
	3.0 (0.8)b
	13 (4)b

	[bookmark: _Hlk502696631]S-EOA-L
	34 (4)a
	0.69 (0.08)b
	5.6 (0.6)d
	31 (3)d

	Eugenol
	-
	0.091 (0.002)a
	
	


abcd Different letters in the same column indicate significant difference among samples (p<0.05).



Table 5. Parameters of Peleg´s model: k1 (min·g film·mg-1 eugenol); k2 (g film·mg-1 eugenol); M∞ (1/k2, mg eugenol released at equilibrium·g-1 film), M∞/ M0 (g eugenol released at equilibrium/ initial g eugenol in the film). Mean values and (standard deviation). 
	Simulants
	Parameters
	S-E
	S-E-WP
	S-EOA-WP
	S-E-L
	S-EOA-L

	ET10%
	k1
	45 (27)b,1
	11 (3)a,1
	10.0 (1.3)a,1
	15 (8)a,1
	8.6 (0.8)a,1

	
	k2
	1.09 (0.12)e,3
	0.767 (0.017)d,23
	0.42 (0.03)b,1
	0.66 (0.03)c,2
	0.309 (0.015)a,1

	
	M∞
	0.9274 (0.1114)a,1
	1.30 (0.03)b,1
	2.38 (0.17)c,3
	1.51 (0.07)b,1
	3.24 (0.16)d,3

	
	M∞/ M0*
	0.51 (0.06)a,1
	0.555 (0.012)ab,1
	0.53 (0.04)a,2
	0.50 (0.02)a,1
	0.57 (0.03)b,1

	ET20%
	k1
	66 (19)b,12
	29 (4)a,1
	8 (2)a,1
	30 (10)a,12
	10.4 (1.2)a,1

	
	k2
	1.025 (0.018)d,23
	0.76 (0.05)c,2
	0.48 (0.03)b,1
	0.56 (0.02)b,1
	0.339 (0.016)a,1

	
	M∞
	0.976 (0.017)a,1
	1.31 (0.08)b,1
	2.09 (0.13)d,2
	1.80 (0.06)c,2
	2.96 (0.14)e,12

	
	M∞/ M0*
	0.535 (0.009)b,1
	0.56 (0.04)b,1
	0.46 (0.03)a,2
	0.59 (0.02)b,2
	0.52 (0.02)ab,1

	ET50%
	k1
	333 (22)d,3
	124 (28)c,2
	88 (24)b,2
	82 (4)b,3
	33 (23)a,1

	
	k2
	0.82 (0.09)c,1
	0.86 (0.04)c,3
	0.62 (0.08)b,2
	0.62 (0.05)b,12
	0.36 (0.05)a,1

	
	M∞
	1.24 (0.14)a,2
	1.17 (0.06)a,1
	1.6 (0.2)b,1
	1.62 (0.13)b,12
	2.8 (0.4)c,1

	
	M∞/ M0*
	0.68 (0.07)c,2
	0.50 (0.03)b,1
	0.36 (0.05)a,1
	0.53 (0.04)b,12
	0.50 (0.07)b,1


* Calculated from the total initial eugenol content in the film obtained by the Folin-Ciocalteu method (Table 4).
abcd Different letters in the same line indicate a significant difference among formulations (p<0.05).
123 Different numbers in the same column indicate a significant difference among food simulants (p<0.05).
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E-WP	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	10.852629838125422	19.133637318069709	25.660249488642201	30.936588531476584	35.290514726342487	38.944469568566937	42.054693196550467	44.73414682584837	47.066527673675047	49.115169040248333	61.078586927493802	66.4759675079912	69.548909708684505	71.532934133869048	72.919723303464593	73.943670045325774	74.730702578732831	75.354518583835798	75.861120335429661	77.422636919175048	78.227752452824546	78.718909712692621	79.04978868583369	79.287838937090527	79.467319638948652	79.607478505607659	79.719962073293672	79.812230791688449	79.889284703504259	79.954600470659869	80.010670478857818	80.059328136295477	80.101952159557925	80.13959930079487	80.173093146849581	80.203085065380307	80.230096984145206	80.276796815452272	80.315754890888755	80.348748962384335	80.37705117862852	80.401595898969646	80.423084829392153	80.442055191723597	80.458925250784574	80.474025513112181	80.487620596108925	80.49992486796728	80.511113834610427	80.521332564421357	EOA-WP	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	13.792618082541868	21.880354895791378	27.196123220324857	30.956521463839415	33.757068114128991	35.923675202549418	37.649707885452919	39.057148401965414	40.226752668755807	41.214109929546311	46.331496045783773	48.331886404664928	49.398286858023795	50.061018190884162	50.512807410183534	50.840538992995171	51.089142163420981	51.284187479989569	51.441299290129564	51.918464140443866	52.160381637082324	52.306617310191726	52.404564148663951	52.474751061229689	52.527514749062242	52.568626589263339	52.60156242548701	52.62854064073418	52.651043634984354	52.670099666165932	52.686444389425489	52.700618024048957	52.713026211473966	52.723979465414835	52.733719513243841	52.742437343794599	52.750285856132798	52.763847880648349	52.77515489590737	52.784726156138184	52.792932857076259	52.800047395681929	52.806274190141202	52.811769640331597	52.816655445263315	52.821027721279414	52.824963388668358	52.828524735990477	52.831762741190559	52.83471952739982	E-LE	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	7.470627962742812	13.574916868236549	18.656304682902523	22.952027164598412	26.631223467717888	29.817733422884761	32.604311098250101	35.061802628824381	37.245253724331072	39.198081894889448	51.302508046380495	57.189212780370333	60.670001525311825	62.969565490367422	64.601963079901182	65.820756446042068	66.765464250217121	67.519197083006333	68.134548106555926	70.049790533897394	71.048365022656213	71.661293100610507	72.075821001610592	72.374860690252802	72.600773963311653	72.777461713983683	72.919432326965207	73.036002750285107	73.133429853559846	73.2160714215902	73.287055850508381	73.348687119306419	73.402699574487514	73.450423726175345	73.492897322137367	73.530941672634967	73.565215280601038	73.624490465175285	73.673959469527588	73.715869810540013	73.751830929814503	73.783025625966317	73.810342640129605	73.834462691248078	73.85591597459252	73.875121587842187	73.892415181949147	73.908068745227609	73.922305013608423	73.935308136244217	EOA-LE	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	9.1050991637168135	15.64536895504399	20.570750303715439	24.413626072836234	27.495533692957174	30.022140883110158	32.131125836077196	33.918127488927567	35.451653097693672	36.782062258642092	44.255667302841637	47.470803666887299	49.26015782623103	50.400018228179512	51.189690913436145	51.769064516105651	52.21227505364174	52.562276190238649	52.845673853242047	53.714504088425386	54.159721264521927	54.430411887311799	54.612380565166433	54.743104890478257	54.841559569613203	54.918380610702783	54.979992575086911	55.030505283789481	55.072670163763107	55.108398639792668	55.139059965373797	55.165660725862963	55.188957454349719	55.209529737807237	55.227829091836291	55.244212483693538	55.258965849440877	55.284467504593984	55.305736870991389	55.32374681405409	55.339193246546223	55.352587133313399	55.364312103868414	55.374661791941826	55.383864763680961	55.392101594859597	55.399516837955524	55.406227578346602	55.412329662395742	55.417902304412664	E-S	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	5.3208240256599897	9.8006206350222325	13.624188340495929	16.925879577725475	19.805714417241337	22.339688632367409	24.586578233814642	26.592555247825452	28.394394322479677	30.021747774619918	40.455462706307522	45.756136620644014	48.963881007149404	51.113891620284583	52.655292273123919	53.814463438976347	54.717896964059975	55.441816285414873	56.034890835372572	57.892769817654894	58.868687641833688	59.470193027382649	59.87807237664412	60.17285709562892	60.395857459062377	60.570448219243822	60.710849283470402	60.826207937138619	60.922675563515938	61.004541333226072	61.074887310272736	61.135985185628513	61.189546190847338	61.236883898670349	61.279023391596795	61.316776338471492	61.350793785507705	61.409640181722786	61.458765148459982	61.500393857831426	61.536120519729145	61.56711721937954	61.594264958798533	61.618238736344388	61.639564433277535	61.658657836305665	61.67585201539201	61.6914169188139	61.705573649867809	61.718505036387484	E-WP	8.107418426844859	26.502840896809001	9.9961330381596589	5.6711301777310998	6.5056625119974552	8.5005015658598477	7.4707222887589042	7.6727529549889431	6.8572470118803022	5.0694793071094635	11.510859331868028	7.5077686178935403	8.107418426844859	26.502840896809001	9.9961330381596589	5.6711301777310998	6.5056625119974552	8.5005015658598477	7.4707222887589042	7.6727529549889431	6.8572470118803022	5.0694793071094635	11.510859331868028	7.5077686178935403	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	15.771585539175774	45.259362478241968	60.846957631521697	71.551036332339137	72.187529244591246	72.67449634105563	73.060777689573726	74.322648748589003	76.915240140459233	80.366510498670834	80.745430467571794	80.227781320475643	EOA-WP	0	0	8.0665416183815584	3.706944528395288	3.1079130955863024	2.6596271673516303	2.9808279619545806	2.9986304343796046	3.0057661259027633	3.683819774983907	3.6217399017679668	2.5409873404630869	0	0	8.0665416183815584	3.706944528395288	3.1079130955863024	2.6596271673516303	2.9808279619545806	2.9986304343796046	3.0057661259027633	3.683819774983907	3.6217399017679668	2.5409873404630869	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	22.849862102265828	24.25910469888133	31.87973211453874	49.260508257909159	51.716332984211398	51.717879635026769	52.343585673815397	52.21151619546913	52.211057502438955	52.172127944928697	53.101041256358364	50.393685879047517	E-LE	0	0	13.97514065578329	5.766618838927803	5.4410987083107187	6.0785321347055854	0.53510479700545044	0.65878459291406	3.2431308201210229	0.86781862563268664	4.7152346107788761	0.76021051005143325	0	0	13.97514065578329	5.766618838927803	5.4410987083107187	6.0785321347055854	0.53510479700545044	0.65878459291406	3.2431308201210229	0.86781862563268664	4.7152346107788761	0.76021051005143325	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	8.3408077816689499	21.587973081966695	34.870861725675546	56.834037258836162	61.206824438949013	63.649663016515206	66.838721774606483	67.241902704086598	70.647941981765399	69.793281447690845	75.004000679272494	69.553645768831672	EOA-LE	0	0	5.6644857574199952	2.6175161903743351	2.2564321690061404	2.485681362255197	2.5376916349665049	2.8681055558403834	3.0491496621416414	3.6914677491956551	3.1981060652973636	2.8260131558577917	0	0	5.6644857574199952	2.6175161903743351	2.2564321690061404	2.485681362255197	2.5376916349665049	2.8681055558403834	3.0491496621416414	3.6914677491956551	3.1981060652973636	2.8260131558577917	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	16.190405616919094	16.41843949884753	21.825671824139487	48.68834628675404	52.575010858419773	53.90422487205965	53.979175589017075	54.52895819986356	54.579903038457026	53.233783666100919	54.785206623242459	52.351730001404043	E-S	0	0	7.8496166147804516	1.5185288478765413	1.761515103934105	2.626196104515405	0.72673073463572568	1.0681605192521386	2.570571328062627	1.5936911700321994	2.5878624938034251	2.7136574604853116	0	0	7.8496166147804516	1.5185288478765413	1.761515103934105	2.626196104515405	0.72673073463572568	1.0681605192521386	2.570571328062627	1.5936911700321994	2.5878624938034251	2.7136574604853116	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	9.8647577370008044	40.139359067796391	38.902326445889564	50.529588096119525	52.607401803205413	53.999177394019434	54.252537412791696	56.542209369597956	57.767755442410191	57.594143776279083	60.511209582560781	61.351669548637155	t (h)
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E-WP	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	23.709939224191949	36.56464352878681	44.630310902052308	50.162945640912312	54.193858509242496	57.261404753879638	59.674079268203286	61.621363308356131	63.226068606044244	64.57128895034144	71.408163761896986	74.020623812945075	75.399871947470103	76.252371718711558	76.831495891203716	77.250571128480658	77.56789003733509	77.81650169350911	78.016541390913076	78.622879248499245	78.929596269331341	79.114777854125606	79.238715740135234	79.327480809792846	79.394185232467507	79.446144057430757	79.487760108804011	79.521842048473204	79.550265998721684	79.574332909179574	79.594973282955621	79.612870270100345	79.628536737273009	79.642365211930667	79.654661222149088	79.665666134261684	79.6755731553949	79.692691087747278	79.706961651103157	79.719040735690527	79.729397151014908	79.738374887793228	79.746232066172468	79.753166156642592	79.759330805025726	79.764847350925464	79.769812894728602	79.774306062345801	79.778391199440804	79.782121472638593	EOA-WP	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	12.106522638240863	20.152292047382659	25.886954648409507	30.181235464280054	33.517260004674462	36.183581512698545	38.36346774705072	40.178906725605025	41.714243679957939	43.029660823521432	50.145451872470808	53.070886170129235	54.665449329846581	55.669025301023957	56.358800884757322	56.862056613993104	57.245436317077278	57.54721348827912	57.79093576538483	58.5346484639742	58.913729440304891	59.143544016777511	59.297752415925544	59.408394529697588	59.491647452756759	59.556561220766277	59.608594319578778	59.651234529845247	59.686814666632735	59.71695410521302	59.742812146687363	59.76524057001987	59.784879259029189	59.802218235292905	59.817639104061527	59.831443466356632	59.843872841082749	59.865353928930581	59.883266619205472	59.898431885753901	59.911436800525223	59.922712295439467	59.93258183559827	59.941292953666007	59.94903829588069	59.95597003578871	59.962209972409681	59.967856748645559	59.972991104572245	59.977679762664401	E-LE	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	13.320513306767097	21.965275292957585	28.028625017768935	32.516608072330946	35.972598015934757	38.715843685724337	40.946222895949788	42.795265727405791	44.353067958760136	45.683415614184852	52.811683421464032	55.709236441952037	57.280608430306124	58.266714383465349	58.943199751033404	59.436101269749358	59.811221410759821	60.106271252829359	60.344415330721816	61.070306229987935	61.439840184354402	61.663714972362001	61.813873433814166	61.921577997034817	62.002603051475305	62.065769286154321	62.116395015938402	62.157877538189368	62.19248865406	62.221805103008954	62.24695549471997	62.268768952840368	62.287868273775835	62.304730348324952	62.319726525178879	62.333150277473152	62.345236599951747	62.36612401857861	62.383540894953356	62.398285851851746	62.410929935192783	62.421892286448447	62.431487503329826	62.439956321216421	62.447486088408638	62.45422478807015	62.460290861350678	62.465780228835342	62.470771400266585	62.475329253434573	EOA-LE	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	10.879670065501665	18.474660400651175	24.077389833262338	28.380859358628605	31.79005440759968	34.557488041854008	36.84878332389389	38.777086578022157	40.422325624597576	41.842566926702482	49.700624395514069	53.019665328633636	54.851164035930985	56.012084918614136	56.813723796445807	57.400516626218412	57.848627898389793	58.202025581146785	58.487867824386711	59.362492435784503	59.809687957122264	60.08125405849897	60.263672337882895	60.394650775227618	60.493258844641353	60.570176910374357	60.63185234189212	60.682407559243352	60.724601352623296	60.760349650335584	60.791024565269858	60.817634555835646	60.840937414841981	60.861513595736646	60.879815221715056	60.896199693241698	60.910953259725751	60.936453537902445	60.957720085433557	60.975726453865782	60.991168952948833	61.004558780531731	61.016279703316584	61.026625434928455	61.035824586556714	61.044057757577391	61.051469510816666	61.058176933828712	61.064275870177276	61.069845528427372	E-S	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	7.3543874602233261	13.053965600919016	17.600774899986639	21.312426239232231	24.399667281406376	27.007839275733335	29.24042402375574	31.173101522415308	32.862498997059703	34.351831654036665	43.152345911528094	47.181446894835567	49.491959795898943	50.990177472088973	52.040420490370018	52.817477531702714	53.415671540760691	53.89038464124085	54.276273762649204	55.467827584097208	56.083441315351983	56.459412661701478	56.712873277066038	56.895314340277906	57.032917305929139	57.140402865422061	57.226683453959787	57.29747070975246	57.35659400163221	57.406716787070522	57.449748951379696	57.487095712326195	57.519813982361924	57.548713987829608	57.57442727239129	57.597453380283532	57.618192630409418	57.654050171522137	57.683965566186075	57.709302851144038	57.731038246551677	57.749888837225889	57.76639320528939	57.780963719085292	57.793921458901529	57.805520153361229	57.815962959543945	57.825414464461709	57.834009423621787	57.841859226771504	E-WP	2.8275333868482972	2.8120673423071856	4.0128147389758828	3.9941231689315999	1.9210240349736432	2.4191124793484895	2.4830347916414697	3.8092879770515675	3.4665732858789724	5.1054195219141851	3.893553563730193	3.627156478821254	2.8275333868482972	2.8120673423071856	4.0128147389758828	3.9941231689315999	1.9210240349736432	2.4191124793484895	2.4830347916414697	3.8092879770515675	3.4665732858789724	5.1054195219141851	3.893553563730193	3.627156478821254	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	43.339060259076689	65.514459403717481	69.728476755556969	72.457023824211291	73.212675979825747	74.451738825324412	74.615521770494652	78.909969603528609	78.994508807479761	78.988570059131064	80.070062959223449	77.42231035749333	EOA-WP	6.1896275465049368E-2	6.161654868515293	7.0217237946844389	5.6167050272798402	3.6283471604758168	2.682557485399903	2.9435946699839879	2.7800507587736942	2.3904632354836539	3.4055841154494231	4.1387325576099316	4.078620532436938	6.1896275465049368E-2	6.161654868515293	7.0217237946844389	5.6167050272798402	3.6283471604758168	2.682557485399903	2.9435946699839879	2.7800507587736942	2.3904632354836539	3.4055841154494231	4.1387325576099316	4.078620532436938	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	2.6921894680990648	18.701909969326511	33.180836246655808	49.807745332742257	53.309842932076783	53.951449732963916	59.819652748738754	56.989628547201335	61.118655342823523	61.601817465124206	58.944537925533517	54.510533886278552	E-LE	6.6869110764261812	16.265583224176947	8.4240422178597907	4.3436518292477864	4.9391230439942717	4.6772990236704972	3.84244552694723	3.467045083502839	4.3946669704483909	5.0519975550613916	4.3625040052782804	6.7465030724556838	6.6869110764261812	16.265583224176947	8.4240422178597907	4.3436518292477864	4.9391230439942717	4.6772990236704972	3.84244552694723	3.467045083502839	4.3946669704483909	5.0519975550613916	4.3625040052782804	6.7465030724556838	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	22.817295550685841	32.569477868552191	47.555257223817762	56.253072844427834	57.780952344134413	57.850479295968029	59.800136486921502	60.931504220806765	61.323566263893611	60.686487774952894	62.035411214986695	63.096888330432016	EOA-LE	7.0808271076585969	5.6871145412867481	4.642629573222349	1.2866944125986886	1.6835651641779747	1.1963644037823733	1.5082127813717123	0.36157944125104147	7.0808271076585969	5.6871145412867481	4.642629573222349	1.2866944125986886	1.6835651641779747	1.1963644037823733	1.5082127813717123	0.36157944125104147	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	8.1891174139384137	23.232761417422836	38.961906483070699	52.114150210212927	54.239124341234252	55.42815073617637	55.658808406057005	56.376210461858697	E-S	8.2516577240839162	7.4390043405749644	2.4521366303563776	2.2832632733497022	4.1361973087066417	3.2191606680211793	3.0089485984926743	2.6932715816201389	0.5971204067617284	5.2967303277106899	7.3429633455276333	5.8529341204357808	8.2516577240839162	7.4390043405749644	2.4521366303563776	2.2832632733497022	4.1361973087066417	3.2191606680211793	3.0089485984926743	2.6932715816201389	0.5971204067617284	5.2967303277106899	7.3429633455276333	5.8529341204357808	0.25	0.5	1	1.5	2.5	4	6	10	24	48	72	168	21.851821050067844	36.147009849479751	41.422673145034082	47.950094501501589	46.980509772462675	46.477603524325581	49.601067537652824	50.382760180040783	55.222033836295296	56.523334266970288	58.464183727109365	55.599956311363087	t (h)

% M∞/M0


ET50%
E-WP	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	2.8188490624433276	5.4217142770719491	7.8325031722078986	10.071720360684008	12.157052184884531	14.103834830561588	15.925432136291166	17.633542789632308	19.238451842229615	20.749237973181547	32.088904102814368	39.236643503338534	44.154282716988412	47.744666996048011	50.48123877628425	52.636194869695345	54.377143992009529	55.81293756493001	57.017342622983286	60.964028891032498	63.14960677329973	64.537826502936056	65.497718733872063	66.201025544594714	66.73849816044671	67.162604421510963	67.505790187637615	67.789198157602812	68.027195636091477	68.229887280287699	68.404586800377587	68.556718308962232	68.690389550055485	68.808768390607611	68.914337088067384	69.009068249679842	69.094549246363442	69.242698105567769	69.366641659978001	69.471864071094288	69.562309116389216	69.640885530688223	69.709785656841888	69.770693203679301	69.824922666366305	69.873515270795394	69.917306477401851	69.956974417024668	69.993075260140358	70.02606945502751	EOA-WP	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	1.6766315480631109	3.2226669169406659	4.652792717660895	5.9795729562736408	7.2138191276797698	8.3648854840238389	9.4409065518504196	10.448989660092156	11.395372116501207	12.285550380684233	18.945408137969828	23.123789655003652	25.989794913574332	28.077803880192906	29.66674632315658	30.916448699503462	31.925073989807995	32.756244029391091	33.453003811653325	35.733255669999131	36.994066033944449	37.794182841608595	38.347103262547527	38.752056041897056	39.061428182727177	39.305487374886191	39.502941620022078	39.66597677739918	39.802870956760046	39.919444676177257	40.019909857219794	40.107389614664768	40.184248728074429	40.252310637201887	40.313003959674262	40.367463865035766	40.416603739980914	40.501764089893804	40.573005672154714	40.633483056665561	40.685464496885686	40.73062277778962	40.770218586278624	40.805220051609034	40.836382956337658	40.864305929253341	40.88946927415266	40.912262828364483	40.933006304392435	40.951964379111395	E-LE	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	3.052407162283131	5.8497451777408545	8.4227034151115596	10.797237778480147	12.995449424138014	15.036274735800985	16.936032220499307	18.708859783972237	20.367067191428049	21.921422305240284	33.387632084770402	40.438153111066647	45.211887308472086	48.658366810040945	51.26356399767284	53.302007129303291	54.940496572180479	56.286225986248859	57.411224533740857	61.073256797433785	63.085234111586715	64.357334241328118	65.234291175724124	65.875465139832428	66.364678364234777	66.750230214880233	67.061912211972043	67.319098057442346	67.534931305577075	67.718643354080854	67.876908192851559	68.014670650936921	68.135672339292114	68.242796636222991	68.338301413559634	68.423979928883242	68.50127448606284	68.635195389978563	68.747196794398306	68.84225311563651	68.923939431793542	68.994891206453346	69.057093947369026	69.112071934905998	69.161014798361066	69.204864576984207	69.244376946025497	69.280165130448623	69.312731960403553	69.34249364339567	EOA-LE	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	3.3371513573036711	6.2862931768781545	8.9113781965759884	11.263036630498446	13.38187359676807	15.300833372134685	17.046924698806734	18.642499917938871	20.106216980777763	21.453772422152905	30.718382160241479	35.883732963709328	39.177626919998083	41.461145470729036	43.137356469571309	44.420097119469354	45.433358369312259	46.253986942644971	46.932146994445262	49.091432084845671	50.247338383099745	50.967384859595995	51.458991201222702	51.81598514612692	52.086998177917259	52.29975406804413	52.471214283320947	52.612338370832973	52.730522964026449	52.83094081841331	52.917318172315639	52.992407340489954	53.058285389883814	53.116549252536153	53.168446881111649	53.214967639201284	53.256905980577677	53.329500842356111	53.390147913014722	53.44157250699422	53.485729641458015	53.524058226026682	53.557640828472401	53.587307552272598	53.613705578286215	53.63734692020644	53.65864196144846	53.677923478932414	53.695464159886924	53.711489579055275	E-S	0	0.1	0.2	0.3	0.4	0.5	0.6	0.7	0.8	0.9	1	2	3	4	5	6	7	8	9	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	110	120	130	140	150	160	170	180	190	200	210	220	230	0	1.0696041256621582	2.1089358134610432	3.1192623074409376	4.1017810936971664	5.0576246351719885	5.9878647259684019	6.8935165003813363	7.7755421281726171	8.6348542243687021	9.4723189989843011	16.807989645561911	22.656678108955134	27.428906436766024	31.396816762444438	34.747946491127408	37.615735132193443	40.097718836803288	42.266844585072967	44.178759528877634	51.115262764060454	55.469926998448827	58.458058563124318	60.635662997978443	62.293137178303731	63.596952897004563	64.649389558937713	65.516754822270514	66.243920629426526	66.862337574868718	67.394703750804311	67.857811403347526	68.264350431069346	68.624089031892396	68.944668797051577	69.232153560856602	69.491416612532191	69.726419208391633	70.136098501803545	70.48119349205821	70.775860519779826	71.030400359189954	71.252487150314352	71.44795544547263	71.62132025900101	71.776130136912414	71.915212619740402	72.040848510824645	72.154897930159706	72.258893030443005	72.354107227478437	E-WP	0.88442895918574282	5.508514573095546	2.5117450498845644	0.4492596718935099	1.3724888466717329	0.96571736030923261	4.1481248814221123	3.4859657263346882	0.88442895918574282	5.508514573095546	2.5117450498845644	0.4492596718935099	1.3724888466717329	0.96571736030923261	4.1481248814221123	3.4859657263346882	0.25	0.5	1	1.5	3.5	10	24	72	168	14.747416258994001	21.744151842209629	34.392242175977266	49.495366397782128	45.829891766024254	59.264448797605745	72.572087321836918	69.358970440509097	EOA-WP	0	0	2.186712082070724	7.0720657714687167	8.6239309351749842	8.975382627413957	9.3898683378799497	5.4863456883118644	7.8965530748542916	0	0	2.186712082070724	7.0720657714687167	8.6239309351749842	8.975382627413957	9.3898683378799497	5.4863456883118644	7.8965530748542916	0.25	0.5	1	1.5	3.5	10	24	72	168	5.0471261260691085	4.1051648829372871	8.5849287165929571	30.798280626948781	30.431754363685126	35.164342421020741	38.124084227363944	40.605027606107186	38.879560705289066	E-LE	5.0860978738850706	2.5826540909121172	1.9431709926648868	2.5358986749480854	5.3771131369010865	4.7056525451501905	6.4010267800865872	5.4092334718898334	11.703303203358244	5.0860978738850706	2.5826540909121172	1.9431709926648868	2.5358986749480854	5.3771131369010865	4.7056525451501905	6.4010267800865872	5.4092334718898334	11.703303203358244	0.25	0.5	1	1.5	3.5	10	24	72	168	5.8414802907392671	11.990106606237509	15.74926459559658	38.040025871248169	52.674300271763371	51.968608694901519	61.667131081165657	68.655324782088314	70.980316658565869	EOA-LE	6.086645124517653E-3	1.7199341821507297	13.026230463479136	3.920885485283983	1.710292795957076	1.6201492496541379	3.2866974336740622	1.2984743395187179	7.8720448567171717	6.086645124517653E-3	1.7199341821507297	13.026230463479136	3.920885485283983	1.710292795957076	1.6201492496541379	3.2866974336740622	1.2984743395187179	7.8720448567171717	0.25	0.5	1	1.5	3.5	10	24	72	168	4.9464125023815448	9.9572857855477679	15.786106126618941	34.921114584408606	42.082686182264752	48.028964618257284	52.357212824168045	54.447781198377371	54.307502042545302	E-S	0	0	3.6400538944990708	6.4910761509928783	0	2.9166208962328204	7.6354877894441024	6.1433149367151687	9.8069969391860905	0	0	3.6400538944990708	6.4910761509928783	0	2.9166208962328204	7.6354877894441024	6.1433149367151687	9.8069969391860905	0.25	0.5	1	1.5	3.5	10	24	72	168	0.35210842653384011	10.35330675852288	11.508778800117961	19.033070700161449	31.651537804627093	37.625313493794422	53.767826300558418	72.063548907127341	73.130978227136069	t (h)

% M∞/M0


A 
Open Control	6.274184828535917E-2	2.2152852587681346	2.8340547980756146	1.775093887313544	1.8946801430773239	10.908496720082365	6.274184828535917E-2	2.2152852587681346	2.8340547980756146	1.775093887313544	1.8946801430773239	10.908496720082365	0	4	7	11	14	18	1.3390118619796441	17.431850967791735	37.618575618479809	67.438771762195287	91.502130824427979	115.78521662830384	PE	6.274184828535917E-2	1.5410759104498615	3.1497217192836149	8.7011528404016723	7.8703963791667642	6.2616007239775495	6.274184828535917E-2	1.5410759104498615	3.1497217192836149	8.7011528404016723	7.8703963791667642	6.2616007239775495	0	4	7	11	14	18	1.3390118619796441	20.686677100693398	41.004103838675796	79.134594780704433	86.747359483063178	135.84757368064913	S	6.274184828535917E-2	0.86919516421016196	0.37576615791283696	0.43447903920508485	0.48377654171767881	0.47370045013029394	6.274184828535917E-2	0.86919516421016196	0.37576615791283696	0.43447903920508485	0.48377654171767881	0.47370045013029394	0	4	7	11	14	18	1.3390118619796441	5.1064324006378259	5.9467110901305205	6.9076974702433391	8.7221852422123334	9.4147064406674339	EOA-LE-S	6.274184828535917E-2	0.43882105338536792	0.48542319913102783	0.44661813312997428	0.78148252207886648	0.71749720984332799	6.274184828535917E-2	0.43882105338536792	0.48542319913102783	0.44661813312997428	0.78148252207886648	0.71749720984332799	0	4	7	11	14	18	1.3390118619796441	3.1561809148486479	2.938971613313949	3.0858403367781762	2.9616333432671493	2.9921743251592563	t (day)

Peroxide Value (meq O2/kg)


A2
S	6.274184828535917E-2	0.86919516421016196	0.37576615791283696	0.43447903920508485	0.48377654171767881	0.47370045013029394	6.274184828535917E-2	0.86919516421016196	0.37576615791283696	0.43447903920508485	0.48377654171767881	0.47370045013029394	0	4	7	11	14	18	1.3390118619796441	5.1064324006378259	5.9467110901305205	6.9076974702433391	8.7221852422123334	9.4147064406674339	EOA-LE-S	6.274184828535917E-2	0.43882105338536792	0.48542319913102783	0.44661813312997428	0.78148252207886648	0.71749720984332799	6.274184828535917E-2	0.43882105338536792	0.48542319913102783	0.44661813312997428	0.78148252207886648	0.71749720984332799	0	4	7	11	14	18	1.3390118619796441	3.1561809148486479	2.938971613313949	3.0858403367781762	2.9616333432671493	2.9921743251592563	t (day)

PV (meq O2/kg)


B
Open Control	0.17243124476717003	0.18659580936621495	0.28588061099300438	0.73679105842867398	3.802788716670942E-2	1.0682340333372582	0.17243124476717003	0.18659580936621495	0.28588061099300438	0.73679105842867398	3.802788716670942E-2	1.0682340333372582	0	4	7	11	14	18	3.8136094419676509	5.5805006836615618	6.5616337860612672	11.34051258298595	15.425491175491178	17.935374447411039	PE	0.17243124476717003	0.2552939196621688	0.30366224574248407	1.3477087061077142	1.0576918185458044	1.1473366378890224	0.17243124476717003	0.2552939196621688	0.30366224574248407	1.3477087061077142	1.0576918185458044	1.1473366378890224	0	4	7	11	14	18	3.8136094419676509	6.0935965411536825	8.0048932143822658	12.816174901860386	14.468060900117116	20.543195007464082	S	0.17243124476717003	3.5747440615941192E-2	0.37363960148038527	0.33046442408317966	8.0961300221136415E-2	0.21724678022996427	0.17243124476717003	3.5747440615941192E-2	0.37363960148038527	0.33046442408317966	8.0961300221136415E-2	0.21724678022996427	0	4	7	11	14	18	3.8136094419676509	4.440371597292236	4.4914369298031636	4.4114983974358974	4.6214494507716273	4.6650761642449616	EOA-LE-S	0.17243124476717003	6.4346946275746594E-2	0.18973465820469115	5.3704156354627268E-2	0.10480020370580179	6.6897063168742485E-2	0.17243124476717003	6.4346946275746594E-2	0.18973465820469115	5.3704156354627268E-2	0.10480020370580179	6.6897063168742485E-2	0	4	7	11	14	18	3.8136094419676509	3.8980719453109445	3.9104557091653867	4.4329880875139267	4.1795366368415729	4.2960707243669569	t (day)

Conjugated Dienes (g/100mL)


C
Open Control	0.15478842105332366	3.8607449581946451E-2	6.8148336473537324E-2	1.5212099307426494E-2	0.13682169221934437	0.16218120344639667	0.15478842105332366	3.8607449581946451E-2	6.8148336473537324E-2	1.5212099307426494E-2	0.13682169221934437	0.16218120344639667	0	4	7	11	14	18	2.8479711830458094	2.7110214834382091	2.7862157562539238	2.6833507024857184	2.7331222440711489	2.6516112010815909	PE	0.15478842105332366	9.5830102425740457E-2	9.0677605440880951E-2	0.1572150066950368	4.8327384888423024E-2	0.23785172164513341	0.15478842105332366	9.5830102425740457E-2	9.0677605440880951E-2	0.1572150066950368	4.8327384888423024E-2	0.23785172164513341	0	4	7	11	14	18	2.8479711830458094	2.7067538890862139	2.6597639001531941	2.814901220344769	2.8862941930996926	2.6828710673584539	S	0.15478842105332366	0.30914425033550158	0.17833566350590579	0.32709516181999465	7.2255460967995816E-2	7.4166905013321974E-2	0.15478842105332366	0.30914425033550158	0.17833566350590579	0.32709516181999465	7.2255460967995816E-2	7.4166905013321974E-2	0	4	7	11	14	18	2.8479711830458094	3.0678482402690275	2.7969084120699024	2.9434495192307693	2.6408814949192942	2.6490493521823444	EOA-LE-S	0.15478842105332366	4.2893211500484398E-2	0.12500802302633829	5.6777596547869125E-2	7.0436829075630009E-2	6.1519738320576216E-2	0.15478842105332366	4.2893211500484398E-2	0.12500802302633829	5.6777596547869125E-2	7.0436829075630009E-2	6.1519738320576216E-2	0	4	7	11	14	18	2.8479711830458094	2.7084743700360612	2.7287687318655061	2.6865283181928561	2.6907801547282038	2.7636164729486645	t (day)

Conjugated Trienes (g/100mL)
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