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Particle size distributions as well the interfacial and rheological properties of the films at the oil/water
interface were used to study the effect of the interacting system between -lactoglobulin, cyanidin-3-
glucoside and pectin or chitosan in buffer solutions. The particles obtained were smaller with cy-3-gluc-3-
lg-pectin and had reduced polydispersity with cy-3-gluc-f3-lg-chitosan. Based on time dependent surface
pressure results, B-lg-pectin mixtures showed a slower increase at the beginning of the measurement,
while -lg-chitosan mixtures showed no differences with 3-lg alone. Contrarily, dilatational properties
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Chitosan mixtures. Cy-3-gluc interfacial properties were reduced by the presence of pectin and chitosan.

The interactions between cy-3-gluc and the biopolymers that have been selected in the present work
resulted in a lower content of free polyphenol, reduced antioxidant properties as well as free 3-lg. The
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impact of this effect was more relevant when pectin was used.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Strawberries are a good source of anthocyanins and that have
high antioxidant activity. Several studies have suggested that these
compounds are beneficial to human health since several posi-
tive therapeutic effects have been proved (Bridle & Timberlake,
1997; Clifford, 2000). Additionally, due to consumer preferences
as well as legislative action, there is a worldwide trend towards
the development of natural food additives, and anthocyanins are
natural pigments with low toxicity permitting their incorporation
in many food systems (Brouillard, Chassaing, Isorez, Kueny-Stotz,
& Figueiredo, 2010; Idham, Muhamad, & Sarmidi, 2012). Interac-
tions between proteins and polyphenols have also shown to be
of importance to understand astringency as a result of salivary
proline rich proteins precipitation (Thongkaew, Gibis, Hinrichs, &
Weiss, 2014). These interactions between proteins and polyphenols
have been extensively studied in solution in order to identify their
nature. It was found that they can bind each other by formation
of multiple weak interactions (mainly hydrophobic) established

* Corresponding author. Tel.: +351 225580097.
E-mail address: pintado@porto.ucp.pt (M. Pintado).

http://dx.doi.org/10.1016/j.carbpol.2015.05.072
0144-8617/© 2015 Elsevier Ltd. All rights reserved.

between amino acid side chains and polyphenol aromatic rings,
indicating that it is mainly a surface phenomenon. Sometimes
these interactions could be complemented by hydrogen bonding,
playing an important role in reinforcing and stabilizing the com-
plexes(Carvalho, P6voas, Mateus, & de Freitas, 2006; Charlton et al.,
2002; de Freitas, Carvalho, & Mateus, 2003; de Freitas & Mateus,
2001; Kanakis et al., 2011; Scollary, Pasti, Kallay, Blackman, &
Clark, 2012; Tang, Covington, & Hancock, 2003; Thongkaew et al.,
2014; Viljanen, Kylli, Hubbermann, Schwarz, & Heinonen, 2005;
Xiao et al., 2011). In terms of colloidal stability, the interactions
between proteins and polyphenols can be divided into three stages:
(i) several polyphenol molecules can bind to one protein molecule
after the addition of polyphenol; (ii) if the amount of polyphenol is
high enough, two peptide molecules are able to form polyphenol-
coated dimers; (iii) more molecules are added and the complexes
could form large particles that even precipitate (Diniz et al., 2008;
Scollary et al., 2012). This behaviour has been observed for cate-
chin, epicatechin, rutin and quercetin with bovine serum albumin
(BSA) (Papadopoulou, Green, & Frazier, 2005) and for quercetin,
rutin, hyperin and baicalin with HSA (Bi et al., 2004).

However, not only proteins are able to form complexes with
polyphenols, but also polysaccharides, such as pectin, cyclodex-
trins, Xxanthan and arabic gum. Several studies demonstrated the
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ability of polysaccharides to bind to polyphenols and prevent or
decrease polyphenol-protein interactions. These polysaccharides
have an effect on electrostatic interactions with proteins in ternary
mixtures (Carvalho et al., 2006; Le Bourvellec & Renard, 2012;
Luck et al., 1994; Ozawa, Lilley, & Haslam, 1987; Thongkaew et al.,
2014) and under low pH, polysaccharides like pectin stabilize milk
proteins such as caseins and 3-lg mainly via electrostatic forces
(Kazmierski, Wicker, & Corredig, 2003).

Recent works have focused on the adsorption of anionic (car-
boxymethyl cellulose) and cationic (chitosan) polysaccharides
on cellulose and subsequent adsorption of proteins with differ-
ent charge densities (Mohan et al., 2013, 2014). The authors
demonstrated that unspecific protein adsorption on chitosan is
much higher than on cellulose. At its isoelectric point (pH=4.7),
BSA does not carry any net charges, leading to a lower sol-
ubility resulting in higher adsorption on all surfaces at pH 5.
Above the isoelectric point, BSA is partially deprotonated con-
comitant with a negative net charge leading to higher solubility
and subsequently lower protein deposition compared to pH 5
(Mohan et al., 2014).

Reports described that when BSA is adsorbed to a surface it
can suffer elongation if the distortional forces become larger than
the interaction energy within the protein (i.e., hydrogen bonding,
electrostatic and hydrophobic interactions, etc.), the hydropho-
bic domains buried in the interior of the protein structure may
be exposed leading to increased hydrophobicity leading to spon-
taneous protein adsorption (Roach, Farrar, & Perry, 2005, 2006).
Increased surface roughness can be responsible for higher adsorbed
amounts of protein apparently due to an increased surface area, as
suggested by other authors as Molino, Higgins, Innis, Kapsa, and
Wallace (2012) and Dolatshahi-Pirouz et al. (2008).

Polyphenols and polysaccharides can also form complexes,
and the mechanisms would be similar to that described for pro-
teins. The adsorption would be mediated by hydrogen bonding
and hydrophobic interactions, being favoured by the existence
of hydrophobic cavities (Renard, Baron, Guyot, & Drilleau, 2001;
Williamson, Trevitt, & Noble, 1995). In fact, polysaccharides may
have a suitable structure, composition, as well as a sufficient size
and flexibility to be able to complex polyphenols. Conformational
flexibility and hydrophobicity could strongly influence the reten-
tion of polyphenols by polysaccharides (Le Bourvellec, Bouchet, &
Renard, 2005).

In dairy matrices, itis frequently observed the existence of inter-
actions between milk proteins, polyphenols from fruit preparates
and polysaccharides that are normally added as food stabilisers,
which can influence the stability and structure of foods.

Fruit contains a large spectrum of phenolic components
(Hartmann, Patz, Andlauer, Dietrich, & Ludwig, 2008; Oliveira,
Almeida, & Pintado, 2014a) and carotenoids (Dalla Valle, Mignani,
Spinardi, Galvano, & Ciappellano, 2007; Oliveira, Gomes, Alexandre,
Almeida, & Pintado, 2014b), that contributes to their high
antioxidant activity. Besides that they have protective effect
against cardiovascular disease (Hertog et al., 1993, 1995) and
reduction of digestive tract cancer risk (Bushman, 1998), pro-
tective effects against some types of cancer, age-related macular
degeneration, and heart disease. Little is known about their
in vivo free content and antioxidant capacity in the presence
of dietary factors that may interact with phenolics interfering
in their bioaccessibility (Argyri, Komaitis, & Kapsokefalou, 2006;
Oliveira et al., 2015) and consequently reducing their biological
properties.

Strawberry yoghurt is one of the most consumed dairy products
around the world and they are a good source of anthocyanins that
have high antioxidant activity. In previous studies we observed that
bioaccessibility of the anthocyanins, decreased significantly possi-
bly due to the interaction of main reactive protein in the yoghurt

(B-1g) and polysaccharide (carrageenan) present in the fruit for-
mulation (Oliveira et al., 2015). However, the impact and extent of
interactions of these target molecules in model systems mixtures
(anthocyanin, 3-1g and polysaccharide) have not still been studied
in detail. Thus, the aim of this work was to study the interactions
between cy-3-gluc, B-lactoglobulin, and two different polysaccha-
rides (pectin and chitosan) and evaluate the effect of the complexes
formed in the interfacial properties at pH 4.0 as well as in the
bioaccessibility of anthocyanin.

2. Material and methods
2.1. Reagents list

The 2,2-azinobis-3-ethylbenzothiazoline-6-sulphonic acid
(ABTS), acetic acid, florisil 60-100 mesh, sodium acetate, sodium
carbonate, fluorescein, 2,2’-azo-bis-(2-methylpropionamidine)-
dihydrochloride (AAPH) and 6-hydroxy-2,5,7,8-tetramethylbroman-
2-carboxylic acid (trolox) were purchased from Sigma-Aldrich
(Sintra, Portugal). Folin-Ciocalteu’s reagent and potassium
persulfate from Merck (Algés, Portugal).

Pure compounds of ascorbic acid, B-lactoglobulin and high
molecular weight chitosan (HMW) (624 kDa; >75% of deacetyla-
tion) were obtained from Sigma-Aldrich (Sintra, Portugal), whereas
cy-3-gluc was purchased from Extrasynthése (Lyon, France).

The pectin from citrus peel type DF (70% esterification) was
provided by CP Kelco (Lille Skensved, Danmark).

2.2. Protein-polyphenol-polysaccharide mixtures

The acetate buffer (0.1 M; pH 4) was used to dissolve under agi-
tation (400 rpm) cy-3-gluc and 3-1g powders at room temperature,
while pectin and chitosan were heated at 70 °C for 30 min to assist
the dissolution. The pH in each solution was adjusted at pH 4 with
HCI (1N).

All the samples were prepared at final concentrations of
0.02 wt¥% for polyphenols, 0.3 wt¥% for protein and 0.38% for polysac-
charides. All the mixed systems were prepared at 400 rpm for
30 min at room temperature and finally stored 24 h at 4°C. Sam-
ples were directly used for Dynamic Light Scattering (DLS), dynamic
interfacial tension and surface dilatational properties.

One part of the mixed systems was filtered by 3 kDa filters for
total antioxidant activity measurements (ABTS, ORAC) and free
polyphenol quantification by HPLC-DAD. For the determinations
of free 3-lg, sample mixtures were filtered by 100kDa filters to
isolate the complexes formed.

2.3. Dynamic light scattering and Z-potential measurements

Particle size analysis were determined one day after the prepa-
ration of the samples using a Dynamic Light Scattering (DLS)
instrument (Zetasizer Nano-ZS, Malvern Instruments, Worcester-
shire, UK) provided with a He-Ne laser (633 nm) and a digital
correlator, Model ZEN3600. Measurements were carried out at
a fixed scattering angle of 173°. Samples were contained in a
disposable polystyrene cuvette (von Staszewski, Pizones Ruiz-
Henestrosa, & Pilosof, 2014a).

The zeta potential of the solutions was measured using the laser
Doppler velocimetry (LDV) technique (measurement range from
5nmto 10 mm). In this technique a voltage was applied across a pair
of electrodes placed at both ends of a cell containing the particle
dispersion. Samples temperature was set at 25°C and the assays
were carried out in duplicate (von Staszewski et al., 2014a).
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The zeta potential (z) was calculated by using the Dispersion
Technology Software provided by Malvern according to Henry’s
equation (Eq. (1)):

3n

§= ZSF(Ka)Me M
where £ is the zeta potential of the sample, pe is the electrophoretic
mobility, ¢ is the dielectric constant of water, F («a) is the function
of the dimensionless parameter ka, which was determined to be
1.5 according to Smoluchowski approximation that is usually used
when the radius of particle is much larger than the Debye length
of the electric double layer. The particles sizes are reported as the
average and standard deviation of ten readings made on a sample
(Martinez, Pizones Ruiz-Henestrosa, Carrera Sanchez, Rodriguez
Patino, & Pilosof, 2013; Pizones Ruiz-Henestrosa, Martinez, Carrera
Sanchez, Rodriguez Patino, & Pilosof, 2014; Von Staszewski, Jagus,
& Pilosof, 2011).

2.4. Dynamic interfacial properties

Time-dependent surface pressure (;r) and interfacial dilata-
tional rheology of the adsorbed 3-1g/polyphenols/polysaccharides
films were determined at the o/w interface with an automatic
pendant drop tensiometer PAT-1 (Sinterface Technologies, Berlin,
Germany).

The surface active impurities present in the commercial sun-
flower oil were removed according to Bahtz et al. (2009) by mixing
it with Florisil 60-100 mesh for several days and finally filtered. All
the glass materials were properly cleaned using a mixture of ammo-
nium persulfate and sulphuric acid to eliminate all the possible
surface active contaminants that could interfere in the measure-
ments and rinsed with Millipore water.

A drop of the solution is formed at the tip of a capillary (volume:
12 pL), immersed in a cell filled with the purified oil. Measure-
ments were done until the adsorption equilibrium was reached
(around 180 min). The surface tension (y) was calculated through
the analysis of the droplet profile by applying the Young-Laplace
equation to accurately (0.1 mN/m) determine the surface tension
(Labourdenne et al., 1994). The surface pressure is 7 = yg — y, where
Yo is the value of the interfacial tension of the subphase (24 mN/m)
and y the interfacial tension of the solution at each time (6) (Pizones
Ruiz-Henestrosa et al., 2014; von Staszewski et al., 2014a). All the
experiments were performed at 20 °C and two measurements have
been done for each system.

The computer controlled dosing system allows to control a
constant volume of the drop during the measurement and also
to induce area deformations. In order to determine the surface
dilatational properties it was used a method that involved a peri-
odic automatically controlled, sinusoidal interfacial compression
and expansion performed by decreasing and increasing the drop
volume at the desired amplitude and angular frequency. The dilata-
tional rheology experiments were carried out during the formation
of the adsorption layer. Oscillations at a frequency of 0.05 Hz were
performed and each perturbation consisted of six oscillations cycles
followed by 10 min constant interfacial area recording. The ampli-
tude of the oscillations was 3% of the initial drop volume in order to
guarantee that the rheological parameters are independent of the
amplitude. The surface area perturbations lead to a respective har-
monic surface tension response. The data obtained were analysed
using the Fourier transformation, obtaining the dilatational rheo-
logical parameters of the interfacial layer, namely the interfacial
elasticity and viscosity.

The surface dilatational modulus (E), derived from the change in
the surface tension induced by a small change in the surface area,
is a complex term that is built up by a storage part E’, representing

the real part of the term and a loss part E”, describing the imaginary
part of the modulus (Eq. (2)):

E(iw) = E'(w) + iE"(w) (2)

where E' = (interfacial elasticity) and E’/w=n is the interfacial
viscosity (w = 27f, which is the angular frequency of the generated
area variations) (Berthold, Schubert, Brandes, Kroh, & Miller, 2007;
Pizones Ruiz-Henestrosa et al., 2014).

2.5. Antioxidant activity measurements by ABTS and ORAC

The free radical-scavenging activity was determined by 2,2-
azinobis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) method
as described by Giao et al. (2007). To oxidize the colourless ABTS
to the blue-green, ABTS radical cation (7 mmol/L) was mixed with
potassium persulfate (2.45 mmol/L) and kept for 12-16 h at room
temperature in the dark. The ABTS solution was diluted with water
to an absorbance of 0.70 (40.02) at 734 nm. After the addition of
1.0 mLABTS solution to 10 pL of the sample it was made the analysis
of the absorbance after 6 min. The inhibition (%) of the sample was
then compared with a standard curve made from the correspond-
ing readings of ascorbic acid solutions at different concentrations
(0.02-0.50 mg/mL) and the results were expressed as mg ascorbic
acid equivalents/mL.

The oxygen radical absorbance capacity (ORAC-FL) assay was
based on that proposed by Contreras, Hernandez-Ledesma, Amigo,
Martin-Alvarez, and Recio (2011). The reaction was carried out
at 40°C in 75 mM phosphate buffer (pH 7.4) and the final assay
mixture (200 L) containing fluorescein (70nM), AAPH (14 mM),
and antioxidant [Trolox (9.98 x 107%-7.99 x 10~3 wmol/mL) or
the sample (at different concentrations)]. The fluorescence was
recorded during 137 min (104 cycles). A FLUOstar OPTIMA plate
reader (BMG Labtech, Offenburg, Germany) with 485 nm exci-
tation and 520nm emission filters was used. The equipment
was controlled by the FLUOstar Control software version (1.32
R?) for fluorescence measurements. Black polystyrene 96-well
microplates (Nunc, Denmark) were used. AAPH and Trolox solu-
tions were prepared daily and fluorescein was diluted from a stock
solution (1.17 mM) in 75 mM phosphate buffer (pH 7.4). All the
reaction mixtures were prepared in duplicate and at least three
independent measurements were performed for each sample. Final
ORAC-FL values were expressed as mg of Trolox equivalent/mL.

2.6. HPLC-DAD analysis

2.6.1. Apparatus

Waters Alliance (Waters Series 600, Mildford MA, USA) high-
pressure liquid chromatographer, equipped with a Waters 996 PDA
detector. The absorption spectra were recorded through a diode
array detector (Waters, Mildford MA, USA) at wavelengths ranging
from 200 to 600 nm in 2 nm intervals. Absorbance was measured
at 510 nm.

2.6.2. Chromatographic procedures

Separation of the phenols was accomplished on a reverse phase
Symmetry® C18 column (250 x 4.6 mm i.d. 5 wm particle size and
125 A pore size) with a guard column (Symmetry® C18). The mobile
phase was composed by solvent A, water/methanol/formic acid
(92.5:5:2.5 v/v/v) and solvent B, methanol/water (94:6 v/v), and
the program began with a linear gradient starting at: 0 to 30% B in
10 min 30 to 50% B in 10 min 50 to 0% B in 5min and kept at 0%
B during 5 min. Flow rate was 0.75 mL/min, the oven temperature
was set as 25 °C and the injection volume was 50 L.

For the quantification of B-lactoglobulin the mobile phase A was
composed by water and 1% trifluoroacetic acid (TFA) and mobile
phase B included acetonitrile with 1% TFA. The program began with
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a linear gradient starting at: 0 to 50% B in 10 min and from 50 to 0%
B in 10 min and kept at 0% B during 5 min.

The flow rate was 0.8 mL/min, the oven temperature was set as
30°C and the injection volume was 50 L. Photodiode array detec-
tor (Waters, Mildford, MA, USA) spectra were measured over the
wavelength range 200-600 nm in steps of 2 nm and the runs were
monitored at 220 nm. Results were expressed as micrograms per
millilitres.

2.7. Statistical analysis

Statistical analysis was performed using GraphPad Prism ver-
sion 5.00 for Windows. Normality of the data distribution was
tested by Kolmogorov-Smirnov method.

Statistical significance values of the groups’ means were made
by one-way analysis of variance with Tukey post hoc test. The statis-
tical analyses performed were considered significant when P< 0.05.
The correlations analysis made were considered for Spearman cor-
relation coefficient with P<0.05.

3. Results and discussion
3.1. Size distribution and electric charge of particles

Strawberry yoghurt is one of the most consumed dairy products
around the world. In previous studies we observed that bioacces-
sibility of the anthocyanins decreased significantly possibly due to
the interaction between the main reactive protein in the yoghurt
(B-lg) and the polysaccharides (carrageenan) present in the fruit
formulation (Oliveira et al., 2015).

In order to reproduce some of the real conditions, protein
concentration (-lg 3mg/mL) as well as anthocyanin (cy-3-
gluc 0.2mg/mL) and the polysaccharides (pectin and chitosan
3.8mg/mL) used in the experiments were close to those values
detected in commercial strawberry yoghurt formulations (Oliveira
et al., 2015). The cy-3-gluc content reported in fresh strawberry
was ca. 3-7mg/100 g (Garcia-Viguera, Zafrilla, & Tomas-Barberan,
1998; Nyman & Kumpulainen, 2001; Wang, Zheng, & Galletta,
2002).

Polysaccharides are present in food products as stabilisers
agents at concentrations that could vary between 2 and 7 mg/mL
(Girard, Turgeon, & Gauthier, 2002). Ionic polysaccharides are usu-
ally more reactive and that is the reason why one anionic (pectin)
and a cationic polysaccharide (chitosan) were selected in this study.
It is also known that the content of B-lg in natural yoghurt is
ca. 3mg/mL (Farrell et al., 2004; Jovanovic, Barac, Macej, Vucic, &
Lacnjevac, 2007).

3.1.1. Cy-3-gluc, B-lg and pectin systems

Fig. 1 shows the particle size distributions, measured by DLS,
of 3-1g alone and also in the mixtures with cy-3-gluc and pectin.
The results showed that 3-1g solutions when at pH 4 presented one
predominant population with a diameter particle size at 6.5nm
and a minor population with higher particle size at ca. 255nm
(Fig. 1A). The predominant peak observed probably corresponds
to monomers and dimers as it was reported by Martinez, Farias,
and Pilosof (2010) when working with protein solutions at a con-
centration at 4wt% and pH 3.5 where it was showed a bimodal
distribution with a predominant lower size peak at 5 nm.

The second peak (only observed in the plot of the intensity size
particle distribution) may correspond to octamers as described by
Gottschalk, Nilsson, Roos, and Halle (2003) for 3-lg solutions in
the pH range 3.7-5.2. When looking to the intensity graphic, the
mixture of (3-1g with cy-3-gluc presented a new population with a
relevant intensity value at 712 nm (Fig. 1C); however, the volume

size distribution (Fig. 1D) revealed that this population did not
represent a significant percentage of the total volume.

The intensity size distributions of the pectin solution (Fig. 1E)
presented only one population with a maximum diameter value at
1281 nm. The molecular weight (MW) for this citrus pectin ranged
in between 145 and 180kDa (Morris et al., 2008) and according
to the hydrodynamic diameter, calculated by the DLS software,
should be close to 22 nm. This difference was observed due to the
fact that pectin molecule has a strong tendency to self-associate in
free salt solutions forming aggregates between 700 and 2000 nm
(Lima, Soldi, & Borsali, 2009). The pectin-3-lg mixture showed an
intensity size distribution with a single peak at 396 nm (Fig. 1G).
The complexation of the protein molecules with pectin reduces
the internal repulsion of the pectin molecules leading to a smaller
hydrodynamic radius (Ganzevles, Cohen Stuart, Vliet, & de Jongh,
2006). Stronger interactions between 3-lg and low methylated
pectin at pH 4.5 originated mainly from ionic and hydrogen bonds,
was reported by Girard et al. (2002) and Zimet and Livney (2009).
At this pH the ester groups of pectin can form hydrogen bonds with
the hydroxyl, amine, phenyl and carboxylic groups of B-lg (Girard
et al., 2002). The formation of biopolymer complexes between [3-lg
and beet pectin (83°C, 15min, pH 5) was also reported by Jones,
Decker, and McClements (2009).

The interaction of pectin with cy-3-gluc resulted in a popula-
tion with a diameter size of 458 nm (Fig. 11), while in the volume
size particle distribution two populations were noticeable at 24
and 615 nm (Fig. 1]). This result could be evidence that the popula-
tions, when analysing the pectin solutions, could be broken down
by the presence of the polyphenol and it was then formed two
smaller populations. Buchweitz, Speth, Kammerer, and Carle (2013)
described the existence of a strong interaction between antho-
cyanins and pectin from apple or citrus. Moreover, they reported
an improvement in anthocyanins’ stability during the storage due
to the protective effect of the negatively charged carboxyl groups
from pectin. Padayachee et al. (2012) also reported the formation
of weak bonds between anthocyanins and pectin at the level of
the components of the cell wall. Fernandes, Bras, Mateus, and De
Freitas (2014), using other kind of polysaccharides, showed that
the oxygen atoms of the glycosidic linkages of 3-cyclodextrin were
important in the interactions with the hydroxyl groups of cy-3-0-
gluc leading to the formation of hydrogen bonds. Additionally some
authors have also reported that covalent bonds can also be formed
between phenolic acids and polysaccharides (Jakobek, 2015; Le
Bourvellec et al., 2005).

Fig. 1K shows that the ternary mixtures of pectin-cy-3-gluc-3-
lg presented a particle size population of a similar size (396 nm) to
that observed for the mixture of pectin-3-lg (Fig. 1G), which may
denote that the protein and pectin interact more strongly among
them than with the polyphenol. The hydrogen bond interactions
between anthocyanins sugars at the position 3 of the hetero-
cyclic ring, the OH groups of the B ring and the planarity of the
molecule are characteristics that contribute to the formation of the
- bonds between the anthocyanins and adsorbents like lignin
(Mazzaracchio, Pifferi, Kindt, Munyaneza, & Barbiroli, 2004). These
authors also observed for model systems that 3-Ig has an adsorp-
tion effect on anthocyanins at pH 3.0 due to the hydrogen bond, the
- hydrophobic and the electrostatic type interactions.

The B-lg presented a low net charge (§=7.41mV) at pH 4.0
because of the proximity to its isoelectric point (Kinsella & Morr,
1984) (Table 1). Pectin presented a negative charge of —23.04 mV
(Table 1). Electrostatic attractions and further hydrophobic interac-
tions may take place between (3-lg and pectin, as they are oppositely
charged. The values of Z-potential of this protein-polysaccharide
mixture has an intermediate value (£ =—-18.31 mV) that is ranged
in between those values obtained for the individual components
suggesting that the anionic polysaccharide actually bound to the
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Fig. 1. Intensity (A, C, E, G, I) and volume particle size distribution (B, D, F, H, J) measured for 3-lg alone and in mixture systems with cy-3-gluc and pectin at pH 4.0 (sodium
acetate buffer) and at 23 °C. 3-1g (A and B); 3-lg-cy-3-gluc (C and D); pectin (E and F); B-lg-pectin (G and H); pectin-cy-3-gluc (I and ]); B-lg-pectin-cy-3-gluc (K and L).
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Table 1
Electrical charge (§-potential) of pectin, B-lactoglobulin and cy-3-gluc and their
mixtures after 24 h.

Sample & Potential (mV)
B-lg 74141172
B-1g +Cy-3-gluc 13.05 4 2.05?2
Pectin -23.04+1.314
Pectin + Cy-3-gluc ~14.29+1.61°
Pectin +-1g —18.31+0.81¢
Pectin + 3-1g + Cy-3-gluc —18.23+0.62¢

Different letters represent significant differences (P<0.001) between lines.

cationic molecules of 3-1g (Table 1). At this pH the interactions of
cy-3-gluc with 3-lg or pectin increased the positive charge (3-1g)
or decreased the negative charge (pectin), pointing out an inter-
action of the polyphenol with both biopolymers (Table 1). Despite
the potential interactions of cy-3-gluc with both molecules at this
pH, the ternary mixtures of pectin-3-1g-cy-3-gluc showed a simi-
lar charge similar than the pectin-3-1g complexes that may indicate
that the protein and pectin interact more strongly among them than
with the polyphenol, as it was indicated previously.

3.1.2. Cy-3-gluc, B-lg and chitosan systems

The HMW chitosan presented a multimodal size intensity distri-
bution (Fig. 2E). However, it can be deduced from the volume size
distribution that it only predominates one population with a max-
imum value at 4.2 nm (Fig. 2F). The MW of chitosan is 624 kDa and
the particles with a size at around 47 nm may be expected to exist
when considering the information from the DLS software. However,
the polydispersity reflects the tendency of this biopolymer to self-
associate in solution (Fan, Annous, Beaulieu, & Sites, 2008) forming
populations with smaller particle sizes than expected. Although it
was different the intensity size distribution in a mixture of 3-lg-
chitosan than that for chitosan alone, no changes were detected
in the volume size distribution, as they showed the same peak
(Fig. 2H). The mixture of cy-3-gluc-chitosan presented one popula-
tion with a maximum size volume of 18.17 nm (Fig. 2]). The increase
in the particle diameter size could be related with the formation
of complexes. Chang, Choi, and No (2000) described that chitosan
presented the highest binding capacity at pH 3.0, causing the com-
plexion of the flavylium cation form of the anthocyanins with the
amino groups of chitosan.

On the contrary, the ternary mixtures presented one population
with the same volume size of the particles (Fig. 2L) than pure chi-
tosan (Fig. 2F) or pure -lg (Fig. 2B), showing that interactions of
cy-3-gluc with chitosan are not so relevant when [3-lg is present in
the mixture.

When analysing the values of £ pure chitosan presented a pos-
itive charge of 33.38 mV (Table 2). The Z-potential of chitosan
was not modified in the presence of cy-3-gluc or 3-lg. However,
the ternary mixture chitosan-3-l1g-cy-3-gluc showed less charge
(£=20.46 mV) as compared with chitosan alone (P<0.05) (Table 2).
Thus, some of the positively charged functional groups of chitosan
and 3-1g could be neutralized by the negatively charged polyphenol
(Zhang & Kosaraju, 2007).

Table 2
Electrical charge (&-potential) of chitosan, 3-lactoglobulin and cy-3-gluc and their
mixtures after 24 h.

Sample & Potential (mV)
B-lg 741+£1.17¢
B-lg+Cy-3-gluc 13.05 +2.05¢
Chitosan 33.38 +4.00?
Chitosan +Cy-3-gluc 30.59+3.09?
Chitosan +3-1g 33.17+£2432
Chitosan + 3-1g + Cy-3-gluc 20.46 +4.90P

Different letters represent significant differences (P<0.001) between lines.

3.2. Interactions at the oil/water interface

The surface pressure () time evolution of B-lg, cy-3-gluc
and their mixtures with pectin or chitosan at the o/w inter-
face are shown in Figs. 3-5. These assays were performed to
confirm if the complexes are indeed formed and to show how
these particles behave at the o/w interface. The polysaccharides,
pectin and chitosan, presented no interfacial activity (data not
shown). The fast m increment for 3-lg solution at the begin-
ning of the experiment is related to the 3-lg adsorption (Fig. 3A)
(von Staszewski, Pizones Ruiz-Henestrosa, & Pilosof, 2014b). How-
ever, it was also visible that cy-3-gluc expresses interfacial
activity (Fig. 5A).

The mixture of cy-3-gluc and (3-lg presented almost no dif-
ferences in the values of the surface pressure when compared
to pure 3-lg (Fig. 3A). Nevertheless, the rate of the migration of
the protein to the interface in the presence of pectin was slowed
down, although it was reached similar values of surface pressure
than that for pure protein at the end of the experiment (Fig. 3C).
This fact agrees with the formation of B-lg-pectin complexes, as
indicated previously, as compared to pure 3-lg (Fig. 1G). Thus,
a possible explanation for the change in the adsorption kinetics
could be that the larger size of these complexes could make slower
the diffusion of these components to the o/w interface. Ganzevles
et al. (2006) indicated that the complexation of B-lg with low
methoxyl pectin at pH 4.5 can slow down the kinetics of the &
development at the air/water interface. Ducel, Richard, Popineau,
and Boury (2005) also reported a decrease in the interfacial tension,
at the o/w interface, for coacervates obtained with arabic gum and
pea globulin at pH 3.5. Several reasons were pointed out for the
delay in the increase of 7: (i) decreases in the quantity of protein
molecules available for a direct adsorption; (ii) complexes diffuses
much more slowly than the free state; (iii) the attachment of the
bound protein to the interface may be hindered by the presence
of the surrounding polysaccharide molecules and (iv) an increase
of the viscosity due to the presence of a polysaccharide (Ganzevles
et al., 2006).

The ternary mixture of 3-1g with cy-3-gluc and pectin presented
a higher interfacial activity than pure 3-lg, where the value of
at the end of the adsorption increased from 12.5 to 13.5mN/m
(Fig. 3E).

The mixtures of chitosan and B-lg showed a slightly faster
adsorption to the o/w interface than 3-1g alone (Fig. 4C), however,
the interfacial behaviour of the ternary mixture system ([3-lg-cy-
3-gluc-chitosan) was similar to that of pure 3-lg (Fig. 4E). Guzey
and McClements (2006) reported that the turbidity of the mixed
[3-lg—chitosan solution at pH 4 was less than that of the pure B-lg
solution, suggesting the formation of a soluble complex by electro-
static attractions between the negatively charged groups remaining
in the (B-lg surface and the positive charge groups on the chi-
tosan. Hong and McClements (2007) also reported the adsorption
by electrostatic attraction between chitosan and [3-lg on coated
lipid droplets from pH 4.5 to 7.5. So, the interactions reported pre-
viously from the DLS results (size particle distribution and & values)
affect in the interfacial behaviour observed for this ternary mixture.

The cy-3-gluc showed interfacial activity by itself (surface pres-
sure around 11.5 mN/m), which was an unexpected result (Fig. 5A).
As seen above, when cy-3-gluc interacts with 3-1g the value of
was similar to that of the protein, revealing that the protein dom-
inates the adsorption to the o/w interface. Mixtures of cy-3-gluc
with pectin (Fig. 5C) and chitosan (Fig. 5E) presented a significant
reduction of the interfacial activity.

With respect to the interfacial rheology, it is showed in Fig. 3 the
variation of the surface dilatational modulus (E) of B-lg and its mix-
tures with cy-3-gluc and pectin with time. It can be seen that the
film elasticity of this ternary mixture was practically the same than
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Fig. 3. Time evolution of surface pressure and dilatational modulus for 3-1g alone and in mixture system with cy-3-gluc and pectin at pH 4.0 (sodium acetate buffer) at 23 °C.

that for pure 3-1g (~45 mN/m), indicating that the protein domi-
nates this parameter (Fig. 3F). The presence of pectin promoted
an increase of the elasticity of the B-lg interfacial film from ~45 to
~60 mN/m (Fig. 3D). Pectin molecules formed complexes with 3-1g,
as seen in previous section, and once the complexes were inserted
at the interface, the film became more elastic (higher values
of E).

Fig. 4 shows the values of E of -lg interfacial films and its
mixtures with cy-3-gluc (Fig. 4B) and chitosan (Fig. 4D). Ternary
mixture of chitosan, cy-3-gluc and B-lg formed a slightly more
elastic interfacial film than pure (-lg (Fig. 4F).

Fig. 5 shows the surface dilatational modulus (E) of the cy-3-
gluc interfacial film and the mixtures with the biopolymers. There
is an increment in the values of E when mixing cy-3-gluc and the
protein (Fig. 5B). However, the interactions between cy-3-gluc with
pectin or chitosan decreased the elasticity of the cy-3-gluc inter-
facial films. Regarding the interfacial rheological properties, it was
observed no differences between cy-3-gluc and cy-3-gluc-pectin
mixtures (Fig. 5D), and a decrease of E from ~25 to ~10 mN/m when
mixing cy-3-gluc with chitosan (Fig. 5F).

3.3. Quantification of free cyanidin-3-glucoside and
B-lactoglobulin

Table 3 shows the quantification of free cy-3-gluc and free 3-lg,
after 24 h of incubation, as determined by HPLC-DAD. The antiox-
idant properties (ABTS and ORAC methods) were also assessed.
Cy-3-gluc free content decreased 5 and 76% after 24h incuba-
tion with B-lg and pectin, respectively (Table 3). Padayachee
et al. (2012) reported ionic interactions between anthocyanins and
pectin on purple carrot juice concentrate at pH 4. Mechanisms
for polyphenol/polysaccharide associations would be similar to
those for proteins, being the adsorption mediated by hydrophobic
interactions and reinforced by hydrogen bonding (Le Bourvellec &
Renard, 2011; McManus et al., 1985; Tang et al., 2003). From the
flavonoid perspective, these interactions are modulated by char-
acteristics such as degree of polymerization, molecular flexibility,
number of external hydroxyl groups, or number of terminal gal-
loyl groups. On the other hand, it is known that pectin has the
ability to develop a gel-like network, forming hydrophobic pock-
ets able to encapsulate procyanidins (Le Bourvellec et al., 2005).
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Considering other polysaccharides such as cellulosic supports, The presence of protein affected polyphenol and pectin inter-
polyphenol retention would be primarily a surface phenomenon actions by decreasing them, revealing evidences of competitive
due to hydrophobic interactions (Ozawa et al, 1987). When interaction between cy-3-gluc and 3-1g for pectin. lonic polysac-
analysing the ternary mixtures of cy-3-gluc-pectin-3-lg, the con- charides such as arabic gum, cyclodextrins, pectins and other
tent of free cy-3-gluc still remains 32% lower than cy-3-gluc alone polygalacturonic acids, such as xanthan gum, dextrans, arabino-
(Table 3). galactans and glucose have been assessed according to their ability
Table 3
Antioxidant activity (ABTS and ORAC) and HPLC-DAD quantification of cy-3-gluc in the presence of 3-lg and polysaccharides (pectin and chitosan).
Sample ABTS (mg Ascorbic acid/mL) ORAC (mg Trolox/mL) HPLC-DAD (g/mL)
Cy-3-gluc 0.283+0.0012 2.00+0.112 185.588 +1.1032
Cy-3-gluc+p-Ig 0.289+0.0032 1.97 +0.09 176.709 + 1.581>
Cy-3-gluc + pectin 0.062 +0.002" 0.47 +0.06P 44.380+0.288°
Cy-3-gluc +chitosan 0.282 +0.006? 226+0.132 176.261+1.47°
Cy-3-gluc+B-Ig+ pectin 0.246 +0.005" 0.74+0.06" 125.883 +0.596"
Cy-3-gluc + B-lg + chitosan 0.279+0.001 2 1.97 £0.30? 168.909 + 0.232P

Different letters represent significant differences (P<0.001) between free polyphenol and interactions with polysaccharides and 3-Ig.
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Fig. 5. Time evolution of surface pressure and dilatational modulus for cy-3-gluc alone and in mixture system with pectin and high molecular weight chitosan at pH 4.0

(sodium acetate buffer) at 23 °C.

to disrupt procyanidin-protein interactions (Carvalho et al., 2006;
de Freitas et al., 2003; Mateus, Carvalho, Luiis, & de Freitas, 2004;
Soares, Gongalves, Fernandes, Mateus, & de Freitas, 2009). Gum
arabic can compete directly with proteins for non-specific tannin-
binding, preventing the formation of aggregates (Scollary et al.,
2012).

When cy-3-gluc was mixed with chitosan a decrease of 5% in
free cy-3-gluc content was observed. In the ternary mixture cy-3-
gluc-chitosan-f3-lg the free content of cy-3-gluc decreased 9%. Thus,
the interaction within the ternary mixture would be a week inter-
action since free cy-3-gluc was not so strongly affected (Table 3).
Similar results were observed by Jing et al. (2011), who observed
a decrease of 14% in free anthocyanins from radish extracts when
treated with chitosan at pH 4 for 3 h. Chitosan may favour ionic
interactions with flavonoids due to its naturally cationic character.
Quercetin has been entrapped in chitosan particles for inclusion
in aqueous media and protection against degradation (Smith &
Markham, 1998; Zhang, Yang, Tang, Hu, & Zou, 2008). The complex-
ation process between polyphenols and chitosan can be reversible
or irreversible. Polyphenols and chitosan, by the development of

non-covalent forces, can form soluble complexes that may aggre-
gate and precipitate from solution. The whole process is however
reversible, and under suitable conditions the precipitated complex
may be re-dissolved (Popa, Aelenei, Popa, & Andrei, 2000).

In all the interactions a clear reduction on antioxidant capacity
was observed for pectin mixtures (Table 3). The cy-3-gluc antioxi-
dant activity decreased by 78% (ABTS) and 76% (ORAC) when mixed
with pectin, while in the ternary mixture decreased 13% (ABTS)
and 63% (ORAC) (Table 3). These results are in accordance with
HPLC-DAD quantification, where the ternary mixtures allowed
obtaining a higher quantity of free cy-3-gluc. The antioxidant
capacity of cy-3-gluc-chitosan-[3-1g mixtures presented no differ-
ences when compared with cy-3-gluc alone. Similar results were
observed by Zhang and Kosaraju (2007) who obtained chitosan
nanoparticles loaded with quercetin that maintain the antioxidant
capacity as measured by DPPH.

The correlations between antioxidant activity and cy-3-gluc
content measured through HPLC-DAD were analyzed according the
Spearman correlation since data do not follow the Gaussian distri-
bution. All the interactions presented positive correlation, where
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Table 4
B-Lactoglobulin quantification by HPLC-DAD in the presence of cy-3-gluc and
polysaccharides (pectin and chitosan).

Sample HPLC-DAD (mg/mL) Bound %
B-lg 4.41+0.54° -
B-lg+Cy-3-gluc 2.84+0.33¢ 36
B-lg+ pectin 3.40 +0.46° 23
3-1g + chitosan 0.97+0.13f 78
B-lg+Cy-3-gluc + pectin 2.15+0.514 51
B-lg + Cy-3-gluc + chitosan 1.01+£0.20¢° 77

Different letters represent significant differences (P<0.001) between free protein
and in interactions with polysaccharides and -lg. Bound percentage was repre-
sented as compared with the content of pure -lg.

the antioxidant activity measured through ABTS and ORAC pre-
sented a correlation of 0.77 and 0.70 respectively with cy-3-gluc
content measured through HPLC-DAD. The results revealed a good
relation between antioxidant capacity and the concentration of cy-
3-gluc available after the interactions.

The free content of (3-lg decreased 36, 23 and 51% after incu-
bation with cy-3-gluc, pectin and both components, respectively
(Table 4). Even more reduction was observed with chitosan (78%)
and in ternary mixtures of 3-1g-cy-3-gluc-chitosan (77%).

Conformational changes in (3-lg were reported for a complex
model system with 3-1g, acacia gum and quercetin at pH 4.2. The
protein showed [3-sheets loss because of the exposed hydrophobic
aminoacids involved in the non-covalent complexation with acacia
gum, which were increased by the presence of quercetin, favouring
the protein-polysaccharide interaction (Aberkane et al., 2012).

4. Conclusion

Interactions between cy-3-gluc, pectin and [3-lg were observed
and have led to a decrease in its free content and consequently
its antioxidant capacity. The 3-1g forms complexes with chitosan
resulting in lower quantity of free protein than that observed for
mixtures with pectin. These interactions have an impact in the pro-
tein film formed at the o/w interface. Chitosan and pectin allowed
to obtain a more elastic and stable interfacial film without interfer-
ences in the interfacial pressure.

In food systems, fruit polyphenols interact with matrix com-
ponents like proteins and polysaccharides decreasing polyphenols
availability, however, they could be protected from degradation,
through the interactions with proteins and polysaccharides.

Acknowledgments

The work was financially supported by Agéncia de Inovacdo,
Portugal and Quadro de Referéncia Estratégico Nacional (QREN
Portugal) through project Frutamais—Preservation of functional
nutritional and organoleptic characteristic of fruits and derived
food (QREN-ADI 3436). This work was supported by National
Funds from FCT—Fundag¢do para a Ciéncia e a Tecnologia
through project PEst-OE/EQB/LA0016/2013 and by the PhD grant
SFRH/BD/75041/2010 to A. Oliveira.

References

Aberkane, L., Jasniewski, J., Gaiani, C., Hussain, R., Scher, ]J., & Sanchez, C. (2012).
Structuration mechanism of 3-lactoglobulin-acacia gum assemblies in presence
of quercetin. Food Hydrocolloids, 29(1), 9-20.

Argyri, K., Komaitis, M., & Kapsokefalou, M. (2006). I[ron decreases the antioxidant
capacity of red wine under conditions of in vitro digestion. Food Chemistry, 96(2),
281-289.

Bahtz, ]., Knorr, D., Tedeschi, C., Leser, M. E., Valles-Pamies, B., & Miller, R. (2009).
Adsorption of octanoic acid at the water/oil interface. Colloids and Surfaces B:
Biointerfaces, 74(2), 492-497.

Berthold, A., Schubert, H., Brandes, N., Kroh, L., & Miller, R. (2007). Behaviour of
BSA and of BSA-derivatives at the air/water interface. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 301(1), 16-22.

Bi, S., Ding, L., Tian, Y., Song, D., Zhou, X,, Liu, X,, et al. (2004). Investigation of the
interaction between flavonoids and human serum albumin. Journal of Molecular
Structure, 703(1), 37-45.

Bridle, P., & Timberlake, C. F. (1997). Anthocyanins as natural food colours—Selected
aspects. Food Chemistry, 58, 103-109.

Brouillard, R., Chassaing, S., Isorez, G., Kueny-Stotz, M., & Figueiredo, P. (2010). The
visible flavonoids or anthocyanins: From research to applications. In C. Santos-
Buelga, M. Escribano-Bailon, & U. Lattanzio (Eds.), Recent advances in polyphenols
research (pp. 1-23). London: John Wiley & Sons.

Buchweitz, M., Speth, M., Kammerer, D., & Carle, R. (2013). Impact of pectin type
on the storage stability of black currant (Ribes nigrum L.) anthocyanins in pectic
model solutions. Food Chemistry, 139(1), 1168-1178.

Bushman, J. L. (1998). Green tea and cancer in humans: A review of the literature.
Nutrition and Cancer, 31(3), 151-159.

Carvalho, E., Pévoas, M. ]., Mateus, N., & de Freitas, V. (2006). Application of
flow nephelometry to the analysis of the influence of carbohydrates on
protein-tannin interactions. Journal of the Science of Food and Agriculture, 86(6),
891-896.

Chang, E. J., Choi, S. W., & No, H. K. (2000). Binding capacity of chitin and chitosan to
anthocyanin pigment isolated from purple perilla leaves. Journal of Food Science
and Nutrition, 5(1), 1-6.

Charlton, A. J., Baxter, N. ], Khan, M. L., Moir, A. J. G., Haslam, E., Davies, A. P., et al.
(2002). Polyphenol/peptide binding and precipitation. Journal of Agricultural and
Food Chemistry, 50(6), 1593-1601.

Clifford, M. (2000). Anthocyanins—Nature, occurrence and dietary burden. Journal
of the Science of Food and Agriculture, 80(7), 1063-1072.

Contreras, M. d. M., Hernandez-Ledesma, B., Amigo, L., Martin-Alvarez, P.].,&Recio, I.
(2011). Production of antioxidant hydrolyzates from a whey protein concentrate
with thermolysin: Optimization by response surface methodology. LWT—Food
Science and Technology, 44(1), 9-15.

Dalla Valle, A., Mignani, 1., Spinardi, A., Galvano, F., & Ciappellano, S. (2007). The
antioxidant profile of three different peaches cultivars (Prunus persica) and their
short-term effect on antioxidant status in human. European Food Research and
Technology, 225(2), 167-172.

de Freitas, V., Carvalho, E., & Mateus, N. (2003). Study of carbohydrate influence on
protein-tannin aggregation by nephelometry. Food Chemistry, 81(4), 503-509.

de Freitas, V., & Mateus, N. (2001). Structural features of procyanidin interactions
with salivary proteins. Journal of Agricultural and Food Chemistry, 49(2), 940-945.

Diniz, A., Escuder-Gilabert, L., Lopes, N. P., Villanueva-Camaiias, R. M., Sagrado, S.,
& Medina-Hernandez, M. J. (2008). Characterization of interactions between
polyphenolic compounds and human serum proteins by capillary electrophore-
sis. Analytical and Bioanalytical Chemistry, 391(2), 625-632.

Dolatshahi-Pirouz, A., Rechendorff, K., Hovgaard, M. B., Foss, M., Chevallier, ]., &
Besenbacher, F. (2008). Bovine serum albumin adsorption on nano-rough plat-
inum surfaces studied by QCM-D. Colloids and Surfaces B: Biointerfaces, 66(1),
53-59.

Ducel, V., Richard, J., Popineau, Y., & Boury, F. (2005). Rheological interfacial prop-
erties of plant protein-arabic gum coacervates at the oil-water interface.
Biomacromolecules, 6(2), 790-796.

Fan, X,, Annous, B. A, Beaulieu, J. C., & Sites, J. E. (2008). Effect of hot water surface
pasteurization of whole fruit on shelf life and quality of fresh-cut cantaloupe.
Journal of Food Science, 73(3), M91-M98.

Farrell, H. M., Jr., Jimenez-Flores, R., Bleck, G. T., Brown, E. M., Butler, ]. E., Creamer,
L. K, et al. (2004). Nomenclature of the proteins of cows’ milk—Sixth revision.
Journal of Dairy Science, 87(6), 1641-1674.

Fernandes, A., Brés, N. r. F.,, Mateus, N., & De Freitas, V. (2014). Understanding
the molecular mechanism of anthocyanin binding to pectin. Langmuir, 30(28),
8516-8527.

Ganzevles, R. A., Cohen Stuart, M. A,, Vliet, T. v., & de Jongh, H. H. (2006). Use of
polysaccharides to control protein adsorption to the air-water interface. Food
Hydrocolloids, 20(6), 872-878.

Garcia-Viguera, C., Zafrilla, P., & Tomas-Barberan, F. A. (1998). The use of acetone
as an extraction solvent for anthocyanins from strawberry fruit. Phytochemical
Analysis, 9(6), 274-277.

Giao, M. S., Gonzalez-Sanjose, M. L., Rivero-Perez, M. D., Pereira, C. ., Pintado, M. E.,
& Malcata, F. X. (2007). Infusions of portuguese medicinal plants: Dependence
of final antioxidant capacity and phenol content on extraction features. Journal
of the Science of Food Agriculture, 87(14), 2638-2647.

Girard, M., Turgeon, S. L., & Gauthier, S. F. (2002). Interbiopolymer complexing
between (-lactoglobulin and low- and high-methylated pectin measured by
potentiometric titration and ultrafiltration. Food Hydrocolloids, 16(6), 585-591.

Gottschalk, M., Nilsson, H., Roos, H., & Halle, B. (2003). Protein self-association in
solution: The bovine 3 -lactoglobulin dimer and octamer. Protein Science, 12(11),
2404-2411.

Guzey, D., & McClements, D. J. (2006). Characterization of 3-lactoglobulin-chitosan
interactions in aqueous solutions: A calorimetry, light scattering, elec-
trophoretic mobility and solubility study. Food Hydrocolloids, 20(1), 124-131.

Hartmann, A., Patz, C.-D., Andlauer, W., Dietrich, H., & Ludwig, M. (2008). Influence
of processing on quality parameters of strawberries. Journal of Agricultural and
Food Chemistry, 56(20), 9484-9489.

Hertog, M. G., Feskens, E.]., Kromhout, D., Hertog, M., Hollman, P., & Katan, M. (1993).
Dietary antioxidant flavonoids and risk of coronary heart disease: The Zutphen
Elderly Study. The Lancet, 342(8878), 1007-1011.


http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0005
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0010
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0015
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0020
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0025
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0030
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0035
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0040
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0045
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0050
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0055
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0060
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0065
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0070
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0075
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0080
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0085
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0090
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0095
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0100
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0105
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0110
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref1115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0115
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0120
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0125
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0130
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0135
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0140
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0145
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0150

A. Oliveira et al. / Carbohydrate Polymers 132 (2015) 460-471 471

Hertog, M. G., Kromhout, D., Aravanis, C., Blackburn, H., Buzina, R,, Fidanza, F., et al.
(1995). Flavonoid intake and long-term risk of coronary heart disease and cancer
in the seven countries study. Archives of Internal Medicine, 155(4), 381-386.

Hong, Y.-H., & McClements, D. J. (2007). Modulation of pH sensitivity of surface
charge and aggregation stability of protein-coated lipid droplets by chitosan
addition. Food Biophysics, 2(1), 46-55.

Idham, Z., Muhamad, L. I., & Sarmidi, M. R. (2012). Degradation kinetics and color
stability of spray-dried encapsulated anthocyanins from Hibiscus sabdariffa L.
Journal of Food Process Engineering, 35(4), 522-542.

Jakobek, L. (2015). Interactions of polyphenols with carbohydrates, lipids and pro-
teins. Food Chemistry, 175, 556-567.

Jing, P.,Ruan, S.-Y., Dong, Y., Zhang, X.-G., Yue, ]., Kan, ].-Q., et al. (2011). Optimization
of purification conditions of radish (Raphanus sativus L.) anthocyanin-
rich extracts using chitosan. LWT—Food Science and Technology, 44(10),
2097-2103.

Jones, O. G., Decker, E. A,, & McClements, D. J. (2009). Formation of biopoly-
mer particles by thermal treatment of (3-lactoglobulin-pectin complexes. Food
Hydrocolloids, 23(5), 1312-1321.

Jovanovic, S., Barac, M., Macej, O., Vucic, T., & Lacnjevac, C.(2007). SDS-PAGE analysis
of soluble proteins in reconstituted milk exposed to different heat treatments.
Sensors, 7(3),371-383.

Kanakis, C. D., Hasni, 1., Bourassa, P., Tarantilis, P. A., Polissiou, M. G., & Tajmir-
Riahi, H.-A. (2011). Milk 3-lactoglobulin complexes with tea polyphenols. Food
Chemistry, 127(3), 1046-1055.

Kazmierski, M., Wicker, L., & Corredig, M. (2003). Interactions of ([3-lactoglobulin
and high-methoxyl pectins in acidified systems. Journal of Food Science, 68(5),
1673-1679.

Kinsella, ]. E., & Morr, C. V. (1984). Milk proteins: Physicochemical and functional
properties. Critical Reviews in Food Science & Nutrition, 21(3), 197-262.

Labourdenne, S., Gaudry-Rolland, N., Letellier, S., Lin, M., Cagna, A., Esposito, G.,
et al. (1994). The oil-drop tensiometer: Potential applications for studying
the kinetics of (phospho) lipase action. Chemistry and Physics of Lipids, 71(2),
163-173.

Le Bourvellec, C., Bouchet, B., & Renard, C. M. G. C. (2005). Non-covalent interaction
between procyanidins and apple cell wall material. Part IIl: Study on model
polysaccharides. Biochimica et Biophysica Acta (BBA)—General Subjects, 1725(1),
10-18.

Le Bourvellec, C., & Renard, C. (2012). Interactions between polyphenols and macro-
molecules: Quantification methods and mechanisms. Critical Reviews in Food
Science and Nutrition, 52(3), 213-248.

Le Bourvellec, C., & Renard, C. M. G. C.(2011). Interactions between polyphenols and
macromolecules: Quantification methods and mechanisms. Critical Reviews in
Food Science and Nutrition, 52(3), 213-248.

Lima, A. M,, Soldi, V., & Borsali, R. (2009). Dynamic light scattering and viscosimetry
of aqueous solutions of pectin, sodium alginate and their mixtures: Effects of
added salt, concentration, counterions, temperature and chelating agent. Journal
of the Brazilian Chemical Society, 20(9), 1705-1714.

Luck, G., Liao, H., Murray, N. J., Grimmer, H. R., Warminski, E. E., Williamson, M. P.,
etal.(1994). Polyphenols, astringency and proline-rich proteins. Phytochemistry,
37(2), 357-371.

Martinez, M., Farias, M., & Pilosof, A. (2010). The dynamics of heat gelation of casein
glycomacropeptide-3-lactoglobulin mixtures as affected by interactions in the
aqueous phase. International Dairy Journal, 20(9), 580-588.

Martinez, M. J., Pizones Ruiz-Henestrosa, V. M., Carrera Sanchez, C., Rodriguez
Patino, J. M., & Pilosof, A. M. R. (2013). Foaming and surface properties of casein
glycomacropeptide-gelatin mixtures as affected by their interactions in the
aqueous phase. Food Hydrocolloids, 33(1), 48-57.

Mateus, N., Carvalho, E., Luiis, C., & de Freitas, V.(2004). Influence of the tannin struc-
ture on the disruption effect of carbohydrates on protein-tannin aggregates.
Analytica Chimica Acta, 513(1), 135-140.

Mazzaracchio, P., Pifferi, P., Kindt, M., Munyaneza, A., & Barbiroli, G. (2004). Inter-
actions between anthocyanins and organic food molecules in model systems.
International Journal of Food Science & Technology, 39(1), 53-59.

McManus, ]J. P., Davis, K. G., Beart, J. E, Gaffney, S. H, Lilley, T. H, &
Haslam, E. (1985). Polyphenol interactions. Part 1. Introduction; some obser-
vations on the reversible complexation of polyphenols with proteins and
polysaccharides. Journal of the Chemical Society, Perkin Transactions, 2(9),
1429-1438.

Mohan, T., Niegelhell, K., Zarth, C. S. P., Kargl, R., Kostler, S., Ribitsch, V., et al. (2014).
Triggering protein adsorption on tailored cationic cellulose surfaces. Biomacro-
molecules, 15(11), 3931-3941.

Mohan, T, Risti¢, T., Kargl, R., Doliska, A., Kostler, S., Ribitsch, V., et al. (2013). Cation-
ically rendered biopolymer surfaces for high protein affinity support matrices.
Chemical Communications, 49(98), 11530-11532.

Molino, P. J., Higgins, M. ]., Innis, P. C., Kapsa, R. M. I, & Wallace, G. G. (2012).
Fibronectin and bovine serum albumin adsorption and conformational dynam-
ics on inherently conducting polymers: A QCM-D study. Langmuir, 28(22),
8433-8445.

Morris, G. A., de al Torre, J. G., Ortega, A., Castile, J., Smith, A., & Harding, S. E. (2008).
Molecular flexibility of citrus pectins by combined sedimentation and viscosity
analysis. Food Hydrocolloids, 22(8), 1435-1442.

Nyman, N. A, & Kumpulainen, J. T. (2001). Determination of anthocyanidins in
berries and red wine by high-performance liquid chromatography. Journal of
Agricultural and Food Chemistry, 49(9), 4183-4187.

Oliveira, A., Alexandre, E. M., Coelho, M., Lopes, C., Almeida, D. P., & Pintado, M.
(2015). Incorporation of strawberries preparation in yoghurt: Impact on phyto-
chemicals and milk proteins. Food Chemistry, 171, 370-378.

Oliveira, A., Almeida, D. P., & Pintado, M. (2014). Changes in phenolic compounds
during storage of pasteurized strawberry. Food and Bioprocess Technology, 7(6),
1840-1846.

Oliveira, A., Gomes, M. H., Alexandre, E. M., Almeida, D. P., & Pintado, M. E. (2014).
Impact of pH on phytochemical profile of pasteurized peach purée during stor-
age. Journal of Agricultural and Food Chemistry, 62(50), 12075-12081.

Ozawa, T., Lilley, T. H., & Haslam, E. (1987). Polyphenol interactions: Astringency
and the loss of astringency in ripening fruit. Phytochemistry, 26(11),2937-2942.

Padayachee, A., Netzel, G., Netzel, M., Day, L., Zabaras, D., Mikkelsen, D., et al. (2012).
Binding of polyphenols to plant cell wall analogues—Part 1: Anthocyanins. Food
Chemistry, 134(1), 155-161.

Papadopoulou, A, Green, R. J., & Frazier, R. A. (2005). Interaction of flavonoids with
bovine serum albumin: A fluorescence quenching study. Journal of Agricultural
and Food Chemistry, 53(1), 158-163.

Pizones Ruiz-Henestrosa, V. M., Martinez, M.]., Carrera Sanchez, C., Rodriguez Patino,
J- M., & Pilosof, A. M. R. (2014). Mixed soy globulins and (3-lactoglobulin systems
behaviour in aqueous solutions and at the air-water interface. Food Hydrocol-
loids, 35(0), 106-114.

Popa, M.-L, Aelenei, N., Popa, V. I, & Andrei, D. (2000). Study of the interactions
between polyphenolic compounds and chitosan. Reactive and Functional Poly-
mers, 45(1), 35-43.

Renard, C. M. G. C,, Baron, A., Guyot, S., & Drilleau, J. F. (2001). Interactions between
apple cell walls and native apple polyphenols: Quantification and some conse-
quences. International Journal of Biological Macromolecules, 29(2), 115-125.

Roach, P., Farrar, D., & Perry, C. C. (2005). Interpretation of protein adsorption:
Surface-induced conformational changes. Journal of the American Chemical Soci-
ety, 127(22), 8168-8173.

Roach, P., Farrar, D., & Perry, C. C. (2006). Surface tailoring for controlled protein
adsorption: Effect of topography at the nanometer scale and chemistry. Journal
of the American Chemical Society, 128(12), 3939-3945.

Scollary, G. R, Pasti, G., Kallay, M., Blackman, J., & Clark, A. C. (2012). Astringency
response of red wines: Potential role of molecular assembly. Trends in Food
Science & Technology, 27(1), 25-36.

Smith, G. J.,, & Markham, K. R. (1998). Tautomerism of flavonol glucosides: Rele-
vance to plant UV protection and flower colour. Journal of Photochemistry and
Photobiology A: Chemistry, 118(2), 99-105.

Soares, S. I, Gongalves, R. M., Fernandes, 1., Mateus, N., & de Freitas, V. (2009).
Mechanistic approach by which polysaccharides inhibit a-amylase/procyanidin
aggregation. Journal of Agricultural and Food Chemistry, 57(10), 4352-4358.

Tang, H., Covington, A. D., & Hancock, R. (2003). Structure-activity relationships
in the hydrophobic interactions of polyphenols with cellulose and collagen.
Biopolymers, 70(3), 403-413.

Thongkaew, C., Gibis, M., Hinrichs, J., & Weiss, J. (2014). Polyphenol interactions
with whey protein isolate and whey protein isolate-pectin coacervates. Food
Hydrocolloids, 41, 103-112.

Viljanen, K., Kylli, P., Hubbermann, E.-M., Schwarz, K., & Heinonen, M. (2005). Antho-
cyanin antioxidant activity and partition behavior in whey protein emulsion.
Journal of Agricultural and Food Chemistry, 53(6), 2022-2027.

Von Staszewski, M., Jagus, R.]., & Pilosof, A. M. (2011). Influence of green tea polyphe-
nols on the colloidal stability and gelation of WPC. Food Hydrocolloids, 25(5),
1077-1084.

von Staszewski, M., Pizones Ruiz-Henestrosa, V. M., & Pilosof, A. M. R. (2014a). Green
tea polyphenols-3-lactoglobulin nanocomplexes: Interfacial behavior, emulsi-
fication and oxidation stability of fish oil. Food Hydrocolloids, 35(0), 505-511.

von Staszewski, M., Pizones Ruiz-Henestrosa, V. M., & Pilosof, A. M. R. (2014b). Green
tea polyphenols-B-lactoglobulin nanocomplexes: Interfacial behavior, emulsi-
fication and oxidation stability of fish oil. Food Hydrocolloids, 35, 505-511.

Wang, S.Y., Zheng, W., & Galletta, G.].(2002). Cultural system affects fruit quality and
antioxidant capacity in strawberries. Journal of Agricultural and Food Chemistry,
50(22), 6534-6542.

Williamson, M. P., Trevitt, C., & Noble, J. M. (1995). NMR studies of dextran
oligomer interactions with model polyphenols. Carbohydrate Research, 266(2),
229-235.

Xiao, J., Mao, F.,, Yang, F., Zhao, Y., Zhang, C., & Yamamoto, K. (2011). Interaction
of dietary polyphenols with bovine milk proteins: Molecular structure-affinity
relationship and influencing bioactivity aspects. Molecular Nutrition of Food
Research, 55(11), 1637-1645.

Zhang, L., & Kosaraju, S.L.(2007). Biopolymeric delivery system for controlled release
of polyphenolic antioxidants. European Polymer Journal, 43(7), 2956-2966.
Zhang, Y., Yang, Y., Tang, K., Huy, X., & Zou, G. (2008). Physicochemical characteriza-
tion and antioxidant activity of quercetin-loaded chitosan nanoparticles. Journal

of Applied Polymer Science, 107(2), 891-897.

Zimet, P., & Livney, Y. D. (2009). Beta-lactoglobulin and its nanocomplexes with
pectin as vehicles for w-3 polyunsaturated fatty acids. Food Hydrocolloids, 23(4),
1120-1126.


http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0155
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0160
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0165
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0170
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0175
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0180
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0185
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0190
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0195
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0200
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0205
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0210
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0215
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0220
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0225
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0230
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0235
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0240
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0245
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0250
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0255
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0260
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0265
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0270
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0275
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0280
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0285
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0290
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0295
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0300
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0305
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0310
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0315
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0320
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0325
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0330
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0335
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0340
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0345
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0350
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0355
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0360
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0365
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0370
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0375
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0380
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0385
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0390
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0395
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0400
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0405
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410
http://refhub.elsevier.com/S0144-8617(15)00485-3/sbref0410

	Behaviour of cyanidin-3-glucoside, β-lactoglobulin and polysaccharides nanoparticles in bulk and oil-in-water interfaces
	1 Introduction
	2 Material and methods
	2.1 Reagents list
	2.2 Protein–polyphenol–polysaccharide mixtures
	2.3 Dynamic light scattering and Z-potential measurements
	2.4 Dynamic interfacial properties
	2.5 Antioxidant activity measurements by ABTS and ORAC
	2.6 HPLC–DAD analysis
	2.6.1 Apparatus
	2.6.2 Chromatographic procedures

	2.7 Statistical analysis

	3 Results and discussion
	3.1 Size distribution and electric charge of particles
	3.1.1 Cy-3-gluc, β-lg and pectin systems
	3.1.2 Cy-3-gluc, β-lg and chitosan systems

	3.2 Interactions at the oil/water interface
	3.3 Quantification of free cyanidin-3-glucoside and β-lactoglobulin

	4 Conclusion
	Acknowledgments
	References


