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a  b  s  t  r  a  c  t

Chitosan  as  one  of  the natural  biopolymers  with  antimicrobial  activities  could  be  a  good  choice  to  be
applied  in  many  areas  including  pharmaceuticals,  foods,  cosmetics,  chemicals,  agricultural  crops,  etc.
There have  been  many  studies  in  the  literature  which  show  this  superb  polymer  is dependent  on  many

brought to you by ata, citation and similar papers at core.ac.uk

provided by Golestan University of Medical Sciences R
vailable online 11 January 2016

eywords:
hitosan
ntimicrobial properties
erivatives

factors  to  display  its antimicrobial  properties  including  the  environmental  conditions  such  as pH,  type of
microorganism,  and  neighbouring  components;  and  its  structural  conditions  such as  molecular  weight,
degree  of deacetylation,  derivative  form,  its  concentration,  and original  source.  In  this  review,  after  a brief
explanation  of  antimicrobial  activity  of chitosan  and  its importance,  we  will  discuss  the factors  affecting
the  antimicrobial  properties  of  this  biopolymer  based  on recent  studies.
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. Introduction

According to the Center for Disease Control and Prevention

maintaining their nutritional and organoleptic properties, is still
a priority nowadays [74]. One option is to use packaging to pro-
vide an increased margin of safety and quality. It is so feasible
that, the next generation of food packaging will have antimicrobial
CDC), each year in the United States 48 million people get sick,
28,000 are hospitalized, and 3000 die due to foodborne diseases.
herefore, ensuring microbiological safety of food products, while

∗ Corresponding author at: Pishro Food Technology Research Group, Gorgan, Iran.
ax: +98 17 324 26 432.

E-mail address: smjafari@gau.ac.ir (S.M. Jafari).

ttp://dx.doi.org/10.1016/j.ijbiomac.2016.01.022
141-8130/© 2016 Elsevier B.V. All rights reserved.
properties [5,31,45,69,80]. Antimicrobial packaging is considered
as one type of active packaging [38,35]. Incorporation of antimi-
crobial agents into packaging can create an environment inside
the package which may  delay or prevent the growth of microor-
ganisms on the product’s surface and, hence, lead to an extension

of its shelf life [8,71]. Antibacterial materials could be classified
into two  groups; inorganic and organic materials. Inorganics are
metals, metal oxides and metal phosphates [90]. Among the inor-

https://core.ac.uk/display/52205566?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
dx.doi.org/10.1016/j.ijbiomac.2016.01.022
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anic materials, metal oxides such as TiO2, ZnO, MgO and CaO are of
articular interest as they are not only stable under harsh process
onditions, but also generally regarded as safe materials to human
eings and animals [85]. Organics are phenols, halogenated com-
ounds, and quaternary ammonium salts; in recent years, studies
bout antibacterial materials have been focused on natural materi-
ls, such as chitosan (CTS) and chitin [25,76,44,17,18,90]. Chitosan
as been proved to be non-toxic, biodegradable and biocompatible.
hitosan is approved Generally Recognized as Safe (GRAS) by the
91] and it has a broad-spectrum antimicrobial activity against both
ram-positive, and gram-negative bacteria as well as fungi [37,65].

. Identification of chitin and chitosan

Chitin is a linear polymer of <beta>1,4-linked N-acetyl-D-
lucosamine, which looks like <beta>1,4-D-anhydroglucopyranose
hain of cellulose except for the acetamide group at C-2 position
f anhydroglucopyranoside residue. Similarly to cellulose, native
hitin occurs in fibrous crystalline states, i.e. microfibrils [61]. This
atural biopolymer (chitin) can be presented in different structural

orms, according to its biological function and its natural source;
hese forms are differentiated according to the arrangement of the
arbohydrate chains. The � form has chains arranged alternately
ntiparallel; the � form has all chains in parallel and the �-chitin has
wo chains in one direction with an additional inverted chain [22].
n other words, �-chitin has a rhombic structure with two sym-

etrical, alternately antiparallel chitin chains. The carbonyl and
ydroxyl groups in �-type chitin participate in an increased degree
f intermolecular hydrogen bonding, leading to a more compact
nd stable structure. Therefore, �-type chitin is less likely to swell
n water. �-type chitin is monoclinic with two parallel chitin chains,
nd fewer hydrogen bonds exist between the molecules; hence, it
s more loosely structured [82]. Although both allomorphs of chitin
� and �-type) are insoluble in aqueous and common organic sol-
ents, �-chitin displays higher reactivity, swelling and solubility as
ompared to �-chitin, but as this latter is more widely spread in the
iomass, mainly as a major component of the crustaceans shells, it

s preferentially used in industries and in research laboratories [4].
Also, chitin can be found with varying degrees of acetylation

DA), ranging from fully acetylated to tollally deacetylated. The
egree of acetylation is very important because of its effects on
hysical properties of chitin. For example, as the degree of acetyla-
ion increases, the degree of solubility in solvents decreases [84].

On the other hand, chitosan is a high molecular weight cationic
olysaccharide consisting of (1-4)-2-amino-2-deoxy<beta>d-
lucan [104], and usually refers to a family of chitin derivatives
btained after partial deacetylation [103]. The degree of acetylation
f chitosan is characterized by the molar fraction of N-acetylated
nits (DA) or as a percentage of acetylation (DA%). When the degree
f acetylation is lower than 0.5 (50%), chitosan becomes soluble in
cidic aqueous solutions due to the protonation of NH2 group at
he C-2 position of glucosamine units [103,87]. The deacetylation
f chitin to produce chitosan is generally accomplished using
hree different methods: chemical (hot alkaline), microbial, and
nzyme-based methods. In the enzymatic and microbiological
ethods, enzymes and microorganisms, respectively, deacetylate

hitin [82]. Chitosan, obtained from the alkaline deacetylation of
hitin, is a functional polysaccharide with great potential in food
pplications and packaging requirements. It is the most investi-
ated polysaccharide for antimicrobial edible films and coatings
evelopment due to its inherent antimicrobial and antifungal

roperties and film forming ability [25]. Studies have purposed
hat cultivation of selected fungi could provide an effective source
f chitosan for industrial applications; e.g., efficacy of chitosan
rom Mucor rouxii in inhibiting Listeria monocytogenes in bovine
 Biological Macromolecules 85 (2016) 467–475

meat pate [3]. [34] reported that chitosan is extractable not only
from Zygomycetes fungi, but also from non-Zygomycetes fungi.

3. Antimicrobial properties of chitosan

Chitosan contains three types of reactive functional groups, an
amino group on C-6 position as well as both primary and secondary
hydroxyl groups at the C-6, C-3 positions, respectively. The amino
contents are the main reason for the difference between chitin and
chitosan structures and their physicochemical properties which are
correlated with their chelation, flocculation and biological func-
tions [93,94]. Chitosan also represents interesting properties such
as excellent film forming capacities and gas and aroma barrier
properties at dry condition, which makes it a suitable material for
designing food coatings and packaging structures [7,88]. Chitosan
inhibits the growth of a wide variety of fungi, yeasts, and bacte-
ria [47,104,73,25,1,100,88], although chitosan activity against fungi
has been shown to be less efficient as compared with its activity
against bacteria [107,89]. Chitosan is a weak base and is insolu-
ble in water and organic solvents. However, it is soluble in dilute
aqueous acidic solutions (pH < 6.5), which can convert glucosamine
units into soluble form R-NH3

+ [43,66] however, chitosan shows
its antibacterial activity only in an acidic medium, which is usually
ascribed to the poor solubility of chitosan at high pH [54,55,59,66].

Antimicrobial effect of chitosan and its influence on shelf life
of different foods has been investigated in many studies which are
summarized in Table 1.

Several mechanisms have been proposed for the antimicrobial
activity by chitosan (Fig. 1) including:

a positively charged chitosan molecules interfere with the neg-
atively charged residues on the bacterial surface. Chitosan
interacts with the membrane of the bacteria to alter cell per-
meability [73,11,52,96,97]. Li et al. [52] demonstrated that the
antibacterial mechanism of derivative of chitosan (O-quaternary
ammonium N-acyl thiourea chitosan) was  due to the interactions
of cationic NH3+ groups with negative charged cell membranes
which consequently increased the membrane permeability and
membrane lysis (Fig. 2). In the absence of chitosan derivative,
the transmission electron micrograph of Escherichia coli indicated
that normal cells were surrounded by the cell membranes with
compact surface, without release of intracellular components
and notable ruptures on the cell surfaces (Fig. 2a). The damag-
ing impact on bacteria by derivative of chitosan can be observed
from the change in the bacterial morphology. Fig. 2b gives the
TEM images of E. coli and shows how the treated bacteria turned
into irregular bacterial cell with broken wall and the cell contents
infiltrated.

b the interaction of diffused hydrolysis products with microbial
DNA, which leads to the inhibition of the mRNA and protein
synthesis [104,10,19,21,77];

c chitosan also inhibits the microbial growth by the chelation of
nutrients and essential metals[104,11,50,51,16];

d chitosan on the surface of the cell can form a polymer
membrane which prevents nutrients from entering the cell
[21,30,54,55,105] or acts as an oxygen barrier which can inhibit
the growth of aerobic bacteria [104,19].
4. Factors influencing the antimicrobial activity of chitosan

During the synthesis and use of chitosan, attention should be
paid to the factors which influence activity of chitosan (Fig. 3).
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Fig. 1. Schematic representation of antimicrobial mechanisms of chitosan and its derivatives.

Fig. 2. TEM images of E. coli: (a) native and untreated cells; and (b) after treatment with chitosan (Data from Ref. [51]).

Fig. 3. Different factors affecting antimicrobial properties of chitosan.
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Table 1
Selected studies evaluating antimicrobial effects of chitosan on different foods.

Application and preparation methods Tested foods Target microorganism References

Coating with 2% chitosan and/or a mixture having 2% chitosan and
1.5% clove oil

Cooked pork sausages Total viable count, Psychrotrophic
bacteria count

[47]

Combined effect of chitosan and pomegranate peel extract Pacific white shrimp Total aerobic plate counts [104]

Combined effect of chitosan (1% (w/v)), carvacrol nanoemulsion 0.05%
(w/v), gamma irradiation (0.25 kGy) and modified atmosphere
packaging

Green beans Escherichia coli O157:H7, Salmonella
Typhimurium

[73]

Fruits immersed in chitosan solutions (amount of chitosan applied per
unit area was  10gm−2)

Papaya fruits Mesophilic bacteria, Yeasts and molds [20]

Chitosan solution (1 mg/g) and combined effect of chitosan and
oregano essential oil (EO) (1 mg/g chitosan + 3 �l/g oregano EO)

Cured chicken meat Lactic acid bacteria, Enterobacteriacae,
E. coli O157:H7, Listeria monocytogenes,
Psychrophilic, Aerobic plate count

[76]

Lemongrass essential oil at concentrations of 0.5% and 1.0%
incorporated into 0.5% and 1.0% chitosan solution

Bell pepper Anthracnose [1]

Chitosan solution 1.5% (w/v) and chlorine dioxide + chitosan coating
(28 mg L−1 + 1.5% (w/v))

Fresh-cut bamboo shoots Total aerobic bacteria, Yeast and mould [100]

LDPE/chitosan composite film (embedding 1, 3 and 5% chitosan (w/w)
in low density polyethylene matrix)

Chilled fish Escherichia coli [67]

Chitosan–nanocellulose biocomposites Ground meat lactic acid bacteria [18]

Combined effect of chitosan solution (1 g/100 ml)  and modified
atmosphere packaging (70% CO2, 30% N2)

Chicken breast fillets Pseudomonas spp., Lactic Acid Bacteria,
Enterobacteriaceae

[46]

Combined effect of carvacrol, bergamot, lemon, mandarin essential oils
(EO) and chitosan (concentration of EO in the coating formulations
was  0.05% (w/v)

Broccoli florets Listeria monocytogenes [74]

Meat samples coated with 2 g/100 ml  chitosan Ready-to-cook meat
products

Bacillus cereus,  E. coli, Staphylococcus
aureus,  Pseudomonas fluorescens

[37]

Aqueous suspension of chitosan (5 mg  chitosan/g pâté) Bovine meat pâté Listeria monocytogenes [3]

Chitosan–/poly(vinyl alcohol solution (glutaraldehyde as the
cross-linker)

Tomato Escherichia coli, Staphylococcus aureus,
and Bacillus subtilis

[88]

Chitosan/methyl cellulose and chitosan/methyl cellulose film
incorporating vanillin

Fresh-cut cantaloupe and
pineapple

Escherichia coli, Saccharomyces
cerevisiae

[71]

Chitosan-coated plastic film alone or incorporating sodium lactate,
potassium sorbate, sodium benzoate, nisin and sodium diacetate

Ham steaks and
cold-smoked salmon

Listeria monocytogenes [102]

Chitosan glutamate (0.1 to 5 g/l) Apple juice Zygosaccharomyces bailii, [68]

4
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.1. Effect of pH

Chitosan is polycationic at pH < 6 and interacts readily with
egatively charged substances such as proteins, anionic polysac-
harides, fatty acids, bile acids and phospholipids due to the high
ensity of amino groups present on the polymer [39,58,68]. The
echanism of the antimicrobial activity of chitosan and its deriva-

ives is unknown. It has been suggested that a positive charge on the
H3

+ group of the glucosamine monomer at pH < 6.3 allows inter-
ctions with negatively charged microbial cell membranes which
eads to the leakage of intracellular constituents [30,54,55,77].
ntimicrobial activity of chitosan is higher at low pH; this is due

o the fact that the amino groups of chitosan become ionized at pH
elow 6 [19,92]. In a study by Younes et al. [103], it has been shown
hat with reducing pH, chitosan adsorption on bacterial cells will
e increased probably due to increase of chitosan positive charge.

But at higher pH (>6), chitosan tends to lose its charge and may
recipitate from solution due to deprotonation of the amino groups
32,98,29,15]. Kulikov et al. [41] reported that antibacterial activ-
ty of chitosan against Klebsiella pneumoniae was closely associated
ith its polycationic nature, and depended on the degree of proto-
ation of the chitosan amino groups, which, in turn was the function
f the degree of polymerization and the pH values of the medium.
evlieghere et al. [19] showed that native chitosan was significantly
Saccharomyces exiguous, S. cerevisiae,
Saccharomycodes ludwigii,
Schizosaccharomyces pombe

more active against Candida lambica at pH 4.0 than at pH 6.0. Also,
it was demonstrated by Roller and Covill [68] that inhibitory prop-
erties of chitosan against Mucor racemosus were greater at lower
pH. In another study, antimicrobial capacity of chitosonium acetate
films against the growth of Staphylococcus aureus in pH 6.2 and pH
7.4 was investigated by Fernandez-Saiz et al. [24]. Their tests carried
out at a lower pH, i.e. 6.2, showed less bacterial counts indicating a
stronger biocidic effect; this finding is related to the particular pKa

of this biopolymer (i.e. 6.4), which is near the pH 6.2 value. At this
pH, the amount of positively charged amino groups (active groups)
is close to 75% in chitosan while at pH of 7.4, this quantity drops
until approximately 10%.

4.2. Molecular weight of chitosan

Chitosans can be distinguished by their molecular weight (MW):
high molecular weight (HMW)  chitosan, low molecular weight
(LMW)  chitosan, and oligochitosan (short chain chitosan) [41]. As
decribed in Table 2, numerous studies have reported a correla-
tion between bactericidal activity of chitosan and its molecular
weight. HMW  chitosan can not pass through the microbial mem-

brane and hence stack on the cell surface, which blocks nutrient
transport into the microbial cell membrane, resulting in cell lysis
[50,51,86,16]. On the other hand, dissociated chitosan molecules in
solution, with lower molecular weight (<5000 kDa), could bind with
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Table  2
Selected studies evaluating the effect of molecular weight on antimicrobial activity of chitosan.

Molecular weight of chitosan and preparation methods Target microorganism Major findings References

Chitosan solution with molecular weight 150 and 300 kDa Mesophilic bacteria,
Yeasts and molds

- 150 kDa chitosan solution was  more adequate to
preserve the papaya fruits
-  For 150 kDa chitosan, the log CFU/g of mesophilic
bacteria and yeasts and molds were, respectively, 1.3
and 2 times lower

[20]

Carvacrol incorporated chitosan edible films, (chitosan
extracted from shrimp shell with MW180 and 400 kDa)

Pseudomona fragi,
Shewanella putrefaciens,
Aeromonas hydrophila

- Chitosan with higher MW formed film forming
dispersions with higher viscosity and higher particle
size than those formed from chitosan with lower MW
-P. fragi was  the most resistant strain to the
antimicrobial effect of films, while Sh. putrefaciens was
the most sensitive
-  It seems that the higher the MW,  the higher the
inhibition effect on the specific studied strains

[107]

Chitosan solution, (3.3, 7.1, 29.2, 72.1, 156, 300 kDa) Escherichia coli,
Staphylococcus aureus

-In acidic pH conditions, chitosan activity increased
with increasing MW,  irrespective of the temperature
and bacteria tested
-  By contrast, at pH 7.0, chitosans with MW >29.2 kDa
greatly lost their activity, whereas the activities of the
smaller chitosans (29.2, 7.7, and 3.3 kDa) increased as
the MW decreased

[9]

Oligochitosan solution, molecular weights 0.73, 1.52, 2.09,
5.98, 8.39, 9.69, 15.06, 19.99, 70 and 600 kDa

Candida species and clinical
isolates of C. albicans

- Oligochitosans showed a high fungistatic activity
(MIC 8–512 �g/ml)
- Oligochitosans with MW between 10 and 20 kDa
displayed maximal activity in suppressing yeast cells
multiplication and caused severe cell wall alteration

[41]

Chitosan solution 20 cp (low molecular weight chitosan)
and 40 cp (high molecular weight chitosan) with
different concentrations (0.25%, 0.5% and 1%)

Aerobic mesophilic
bacteria

- Low molecular weight chitosan best reduces total
viable counts compared with high molecular weight
chitosan

[70]

Chitosan solution, molecular weights (0.5 × 104, 3.7 × 104,
5.7 × 104 and 2.9 × 105 g/mol), concentrations (500,
1000, 2000 and 4000 mg/L)

Botrytis cinerea (gray mold) - Chitosan with a molecular weight of 5.7 × 104 g/mol
provided an excellent control of gray mold among all
different molecular weight chitosans
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NA and inhibit synthesis of mRNA through penetration toward
he nuclei of the microorganisms [42]; [11]; [40]; [77]. While in
MW form, the dissociated chitosan molecules could interact with

he membrane of the cell to alter cell permeability [2,40,48,57].
e et al. [101] reported that LMW  chitosan-coated film was more
ffective against L. monocytogenes than the medium MW chitosan-
oated film. Inhibition activity of chitosan solution with MW of
, 50, and 1000 kDa against E.coli was also evaluated by Li et al.
51]. Their results demonstrated in general, chitosan inhibited the
rowth of E. coli, but chitosan of 50 kDa showed the most effec-
ive inhibition activity. No et al. [60] revealed that 0.1% chitosan
MW  = 1671, 1106, 746, 470, 224 and 28 kDa) showed stronger bac-
ericidal effects against gram-positive bacteria than gram-negative
acteria. For gram-negative bacteria, chitosan of 746 kDa appeared
ost effective against E. coli and Pseudomonas fluorescens,  com-

ared with chitosan 470 kDa against Salmonella Typhimurium and
ibrio parahaemolyticus.  Chitosan of MW = 1106 and 224 kDa pos-
essed weak or no antibacterial activity (MW  = 28 kDa) against S.
yphimurium. In contrast to the response of gram-negative bac-
eria, growth of gram-positive bacteria was almost or completely
uppressed by widely different MW chitosans.

.3. Concentration of chitosan

At lower concentrations, chitosan binds to the negatively
harged cell surface, disturbs the cell membrane, and causes

eath of the cell by inducing leakage of intracellular components.
hereas, at higher concentrations, the protonated chitosan may

oat the cell surface and prevent the leakage of intracellular compo-
ents. In addition, the positively charged bacterial cells repel each
- Chitosan of 0.5 × 10 g/mol was the least active one at
low concentrations (500 and 1000 mg/L) in the in vivo
experiments

other and prevent agglutination [53]. An antimicrobial packaging
material was  prepared by uniformly embedding 1, 3 and 5% chi-
tosan (w/w) in low density polyethylene (LDPE) matrix by [67].
The antimicrobial assay against E. coli proved that LDPE/chitosan
composite (LDPE/CS) films were highly efficient than virgin LDPE
films. Virgin LDPE and 1%, 3% and 5% LDPE/CS films tested as pack-
aging films for chill stored tilapia showed that samples packed in
LDPE films were rejected by 7th day whereas fish packed in 1%, 3%
were remained acceptable up to 15 days. This study revealed that
3% LDPE/CS films had a better physical and antimicrobial property
and enhanced the keeping quality of Tilapia steaks during chilled
storage when compared to the other films. In another study by [56],
different molecular weight chitosans (5.5 × 104–15.5 × 104 Da) in
various concentrations (20, 50, 100, 200, 500 and 1000 ppm) were
used to evaluate the effects of the MW and concentration of chi-
tosan against E. coli.  Their results showed that all chitosan samples
with MW from 5.5 × 104–15.5 × 104 Da had good antimicrobial
activities at high concentrations (over 200 ppm), and all samples
at low concentration (20 ppm) could promote the growth of E. coli.
They suggested that mechanism of chitosan antibacterial activity
could be described by the fact that it could make the bacteria floc-
culate and kills them, but at low concentration (20 ppm), chitosan
could not flocculate and kill all the bacteria in the culture medium
and the survival would go on by reproducing. Antimicrobial activity
of the cotton fabrics treated with different chitosan concentrations
reported by [21] indicated that maximum antimicrobial activity
was obtained when the cotton fabrics were treated with 0.5–0.75%

chitosan with molecular weight of 1.5–5 kDa and increasing chi-
tosan concentration to 1% leads to a decrement in the antimicrobial
activity.
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.4. Complexes of chitosan with certain materials

In order to improve antimicrobial activity, complexes of chi-
osan with certain materials can be prepared. Incorporation of
ssential oils (EOs) in chitosan based coatings has gained interest
n the agricultural sciences owing to the bactericidal and fungicidal
roperties associated with these volatile compounds [1]. Recently,
ifferent EOs, such as clove, carvacrol, oregano and lemongrass,
ave been successfully incorporated into chitosan showing strong
ntimicrobial activity against a wide range of microorganisms
47,73,76,25]. Also Ojagh et al. [62] showed that a unique com-
atibility can be achieved between chitosan and cinnamon EOs;
heir incorporation improved the antibacterial properties of chi-
osan. Films containing Cinnamon EOs are useful for coating of
ighly perishable foods such as fish and poultry. In a further exper-

ment by Gómez-Estaca et al. [28], a complex of gelatin–chitosan
lm incorporating clove EOs was applied to fish during chilled stor-
ge. Results of this study revealed that clove film delayed or even
revented both the growth of microorganisms and the occurrence
f total volatile nitrogen. Therefore film incorporating clove EOs
ould assure an extended shelf-life for chill-stored fish. [76] demon-
trated the synergistic antibacterial effects of chitosan and oregano
Os against spoilage inducers in chicken meat stored at 3 and 8 ◦C.

Chitosan macromolecule contains great deal of amine and
ydroxyl groups which give it the ability to form metal complexes.
enerally, the structure of chitosan-metal complexes depends on
hitosan/metal ion molar ratio, type of metal ion, molecular weight
nd deacetylation of chitosan as well as the preparation conditions
31]. Sanpui et al. [72] reported that presence of a small percentage
2.15% w/w) of metal nanoparticles in chitosan-Ag-nanoparticle
omposite was enough to significantly enhance inactivation of
.coli as compared with unaltered chitosan. On the other hand, chi-
osan helps stabilize the silver nanoparticles (AgNP) and prevents
gNP agglomeration below a critical concentration. Chitosan also
onfers a positive charge to the surface of nanoparticles, enhancing
heir binding to the negative charges present in the cell wall [44].
hitosan/Ag/ZnO blend films were also prepared via the method
f sol-cast transformation by Li et al. [51]. Test of antimicrobial
ctivities showed that CTS/Ag/ZnO blend films had higher antimi-
robial activities than CTS/Ag and CTS/ZnO blend films, indicating
hat the composite of Ag and ZnO enhanced the antimicrobial activ-
ties of chitosan. In another work, Ye et al. [102] assessed the effect
f chitosan-coated plastic films incorporating five GRAS antimicro-
ials including nisin, sodium lactate (SL), sodium diacetate (SD),
otassium sorbate (PS), and sodium benzoate (SB) against L. mono-
ytogenes on cold-smoked salmon. Results of this study showed that
lm incorporating SL was the most effective, completely inhibiting
he growth of L. monocytogenes during 10 days of storage. L. monocy-
ogenes in samples packaged within other four antimicrobial films
rew, but the increase in counts was lower than two control films:
lain and chitosan-coated films. Yang et al. [100] investigated the
ffects of aqueous chlorine dioxide (ClO2) combined with chitosan
oating on microbial growth and quality maintenance of fresh-
ut bamboo shoots during cold storage. Their results indicated
hat treatment with 28 mg  L−1 ClO2 plus chitosan coating inhibited
he increase in respiration rate and firmness, delayed enzymatic
rowning and reduced microorganism counts of total aerobic bac-
eria and yeasts and moulds compared with control treatment. The
fficiency was better than that of ClO2 or chitosan treatment alone.

.5. Derivatives of chitosan
Due to its unique polycationic nature, chitosan and its deriva-
ives have been recommended for applications in agriculture, food,
iomedical, biotechnology and pharmaceutical fields [23,75,99].
owever, the antibacterial functions of chitosan are limited
 Biological Macromolecules 85 (2016) 467–475

because amino groups on chitosan backbone can only function as
relatively weak positive charge centers. To improve the antimicro-
bial activity of chitosan, it is reasonable to enhance the strength
of positive charges on the chitosan molecules by endowing it with
some more positively charged groups [95]. Therefore, in the past
two decades, extensive investigations have been carried out to
increase solubility of chitosan in water and broaden its appli-
cations by preparing functional derivatives of chitosan such as
carboxymethyl chitosan and quaternized carboxymethyl chitosan
[79], chitosan-N-arginine by reacting amino groups of chitosan
with arginine [95], N-alkylated disaccharide chitosan [98], water-
soluble maltose chitosan derivative [99], water-soluble quaternary
chitosan derivatives obtained by N-acylation with betaine [32], and
water-soluble oligochitosans [42,41].

Antimicrobial effect of chitosan derivatives has been inves-
tigated in many studies. For example, antimicrobial behaviors
of chitosan and its derivatives against species of bacteria
(E. coli, S. aureus, Pseudomonas aeruginosa and Sarcina) and four
crop-threatening pathogenic fungi (Alternaria solani,  Fusarium
oxysoporum f. sp. Vasinfectum, Colletotrichum gloesporioides Penz
and Phyllisticta sp. Zingiberi) were investigated by Zhong et al.
[106]. Their results indicated that antimicrobial activities of acetyl
phenyl-thiosemicarbazone derivatives were much better than that
of pure chitosan. Comparative antimicrobial activity evaluation
of O, N-carboxymethyl chitosan–zinc complex and chitosan–zinc
complex was  carried out by Patale and Patravale [64] against
S. aureus and E. coli. It was  observed that the developed novel
O, N-carboxymethyl chitosan–zinc complex exhibited superior
antimicrobial activity compared with chitosan–zinc complex.

However, the antimicrobial activity of these materials (with
single functional group solubility in water) is still lower than
that of the common antimicrobial agents currently used. There-
fore, synthesizing new derivatives which contain both antibacterial
and water-soluble groups may  facilitate the use of chitosan as
an antibacterial material [52]. In order to achieve this goal, two
types of reactive functional groups present in chitosan contains,
i.e., a primary amine and two  hydroxyl groups, can be used to
chemically alter its properties and ultimately lead to an increased
antimicrobial effect of the chitosan; in fact, this type of chitosan
is called derivatives with dual-antibacterial functional groups [26].
Li et al. [52] reported that chitosan derivative with double func-
tional groups of O-quaternary ammonium N-acyl thiourea chitosan
(OQCATUCS) had higher growth suppression against gram-positive
and gram-negative bacteria compared with corresponding single
functional group and chitosan (OQCATUCS > O-quaternary ammo-
nium chitosan > chitosan). Also, OQCATUCS exhibited an excellent
solubility over a wide pH range at room temperature (in OQCATUCS,
hydroxyl group reacted with ammonium chloride and amino group
reacted with chloroacetyl thiourea).

4.6. Type of microorganism

Antibacterial activities of chitosan and its oligomers with dif-
ferent molecular weights were examined by [60] against four
gram-negative and seven gram-positive bacteria. It was  found
that chitosan generally showed stronger bactericidal effects on
gram-positive bacteria than gram-negative ones. [24] also obtained
similar results when testing antimicrobial capacity of chitoso-
nium acetate films against S. aureus and Salmonella. In this study,
although the MIC  of the films tested corresponded to 40 mg  for S.
aureus, the quantities used in the work did not reach an inhibitory
effect against Salmonella. They claimed that their results were

in accordance with the hypothesis of an electrostatic interaction
between chitosan and the cell wall, that in this sense, gram-positive
microorganisms should be more susceptible than gram-negative
ones since their wall is composed of a thick peptidoglycan layer
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nd by polymers called teichoic acids. This teichoic acid backbone is
ighly charged by phosphate groups with a negative charge, which
ould establish electrostatic interactions with cationic antimi-
robial compounds such as chitosan. Contrary to these results,
evlieghere et al. [19] and Chung et al. (2004) [12] reported that
hitosan showed stronger antimicrobial effects for gram-negative
acteria than gram-positive counterparts.

Recently, Younes et al. [103] demonstrated that antibacterial
ctivity was further enhanced for gram-negative bacteria with
ecreasing MW,  whereas, opposite effect was observed with the
ram-positive bacteria. Concerning the antifungal activity, the
nfluence of chitosan characteristics was dependent on the particu-
ar type of fungus. Fungal growth decreased with increasing MW for
. oxysporum and decreasing acetylation degrees (DA) for A. solani,
ut no MW or DA dependences were observed with Aspergillus
iger. Also, Ziani et al. [107] showed that the antifungal capacity of
hitosan does not only depend on the chitosan formulation, but also
n the fungus type and on the type of chitosan (films and solutions
ased on chitosan). For instance solutions also displayed higher effi-
iency on the growth of Rhizopus oryzae but not on that of A. niger
here the films were found to be more effective.

.7. Food components (role of inorganic cations)

In addition to previous factors, the antimicrobial activity of chi-
osan is also very dependent on the food components. Since the
harges on chitosan and the concomitantly electrostatic forces are
esponsible for its antimicrobial activity, each food component that
an influence these interactions will inhibit the activity of chitosan
19].

Goldberg et al. [27] found that inorganic cations (Na+, Mg2+)
nhibited the chitosan-mediated adhesion of E. coli to hexade-
ane, presumably by interfering with the electrostatic interactions
esponsible for adsorption of the polymer onto the bacterial surface.
n a study for evaluating the effect of metal salt addition (MgCl2,
aCl2, BaCl2 or NaCl) on the antibacterial activity of water-soluble
hitosan derivative by Chung et al. [14], their results revealed that
he metal ions reduced the antibacterial activity of chitosan deriva-
ive and increased the final viable population of S. aureus. It is
robably due to functional groups of chitosan (free amino groups)
hich were chelated with metal ions, and caused a decrease in

ntibacterial activity of chitosan [13].
Devlieghere et al. [19] reported that starch, whey proteins, and

aCl had a negative effect on the antimicrobial activity of chitosan,
hile oil conversely had no influence. Chung et al. [13] evaluated

he effects of ionic strength and addition of EDTA on the growth
f waterborne pathogens (E. coli and S. aureus)  by chitosan at dif-
erent NaCl concentrations (0, 0.2, 0.4, and 0.6 M)  and EDTA (0, 1,
, 3 mM).  They suggested that higher ionic strength (0.6 M NaCl)
nhanced the solubility of chitosan and thus increased its antibacte-
ial activity. Also, antibacterial activity of chitosan against E. coli was
nhanced by EDTA. However, the antibacterial activity of chitosan
gainst S. aureus was partially suppressed by EDTA which possi-
ly can be explained by the fact that the carboxyl groups (COO−) of
DTA react with the amino groups (NH+

3) of chitosan, which shields
he most important antibacterial functional groups of chitosan and
eads to a decrease in its antibacterial activity. In another study,
i et al. [49] demonstrated that there was no significant difference
n the antibacterial activity of chitosan when the concentration of
aCl increased from 0.5% to 2.0%.

.8. Degree of deacetylation (DD)
Chitosan is produced commercially by deacetylation of chitin.
n the process of deacetylation, acetyl groups from the molecular
hain of chitin are removed to form amino groups. The degree of
Biological Macromolecules 85 (2016) 467–475 473

deacetylation, which determines the content of free amino groups
in polysaccharides, can be employed to differentiate between chitin
and chitosan. It is very well known that the degree of deacetylation
is one of the most important chemical characteristics, which could
influence the performance of chitosan in many applications [57,83].
Overall, the larger is the DD, the higher is the solubility in acidic
conditions. Generally, chitosan with higher DD, which has a higher
positive charge, would be expected to have stronger antibacterial
activity [87]. Reported by Byun et al. [6] the superior antibacterial
activity of g-chitosan (prepared from ground shell with DD 81.56%)
over that of e-chitosan (prepared from entire shell with DD 62.71%)
was likely due to its higher solubility and DD.

Park et al. [63] evaluated the effect of hetero-chitosans and chi-
tosan oligosacchides on the growth of three gram-negative and
five gram-positive bacteria. They found that although the antimi-
crobial activity of hetero-chitosans and chitosan oligosaccharides
was different against the tested bacteria, 25% acetylated chitosan
(75% deacetylated chitin) had the highest inhibitory activity as
compared with the activity of 10% and 50% acetylated chitosan.
In another work, antimicrobial activity of hetero-chitosans and
the effect of deacetylation conditions (vacuum, nitrogen and reg-
ular atmospheres) on antimicrobial activity of chitosans against
E. coli, S. aureus and Candida albicans was investigated by Hong-
pattarakere and Riyaphan [33]. Their results showed that chitosans
obtained under atmospheric conditions exhibited highest antimi-
crobial activity, due to lower DA, whereas chitosans obtained under
nitrogen atmosphere showed the least inhibition against all test
microorganisms. In a study by Takahashi et al. [81] the influence of
DA of chitosan on inhibiting the growth of S. aureus was  inves-
tigated by two methods: incubation using a mannitol salt agar
medium, and a conductimetric assay. Their results showed that
in both methods, chitosan with a lower DA successfully inhibited
growth of S. aureus.

4.9. Sources of chitosan

Chitosan is a natural antimicrobial agent found in the shells of
crustaceans, such as crab, shrimp, squid pen, and crawfish [78,60].
Recently, some studies have pointed to the possibility of chitosan
production from fungi. In one study, chitosan was  extracted from
cell wall of filamentous fungus, R. oryzae by Jeihanipour et al. [36]
and its antimicrobial properties was  studied against E. coli,  K. pneu-
moniae and S. aureus.  Their resulted showed that antimicrobial
activity of fungal chitosan was  lower than that of crustacean shells
chitosan. But fungal chitosan similar to crustacean shells chitosan
exhibited better inhibitory effects against gram-positive bacte-
ria compared with gram-negative ones. Chien et al. [11] reported
that crude chitin from crab shells did not show any antimicrobial
activity but chitin from shiitake stipes and mushroom exhibited a
better inhibitory effect on bacterial growth than chitin from crab
shells. After purification, chitosan from shiitake stipes and crab
shells exhibited excellent antimicrobial activities against species
of pathogenic bacteria. However, chitosan from shiitake stipes was
slightly more effective than that from crab shells. It was  demon-
strated by Byun et al. [6] that chitosans prepared from ground and
entire crab leg shell exhibited drastic differences in their physic-
ochemical and functional characteristics. For example, chitosan
prepared from ground shell had significantly higher nitrogen con-
tent, degree of deacetylation, solubility, viscosity and antibacterial
activity than chitosan prepared from entire shell.

Antibacterial activities of oligomer and polymer chitosans from

different sources (shrimp, crab and squid) were also examined
against foodborne pathogenic bacteria by Sukmark et al. [78]. Based
on their results, the source, DD and molecular size of chitosan must
be chosen selectively to control the target foodborne pathogens.
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. Conclusion

Chitosan and its derivatives as natural antimicrobial agents can
e applied in agriculture, food, biomedical, biotechnology and phar-
aceutical fields. However, its antimicrobial activity is dependent

n many factors such as its molecular size, source, adjucunt compo-
ents, pH, concentration, type of microorganism, etc, which should
e considered before being applied. It is recommended that to
chieve the highest antimicrobial activity, optimum conditions of
hitosan application should be investigated and tested.

eferences

[1] A. Ali, N.M. Noh, M.A. Mustafa, Antimicrobial activity of chitosan enriched
with lemongrass oil against anthracnose of bell pepper, Food Packag. Shelf
Life 3 (2015) 56–61.

[2] M.E.I. Badawy, E.I. Rabea, Potential of the biopolymer chitosan with different
molecular weights to control postharvest gray mold of tomato fruit,
Postharvest Biol. Technol. 51 (2009) 110–117.

[3] R.A. Bento, T.L.M. Stamford, T.C.M. Stamford, S.A.C. de Andrade, E.L. de
Souza, Sensory evaluation and inhibition of Listeria monocytogenes in
bovine pâté added of chitosan from Mucor rouxii, LWT-Food Sci. Technol. 44
(2011) 588–591.

[4] W.G. Birolli, J.A.D.M. Delezuk, S.P. Campana-Filho, Ultrasound-assisted
conversion of alpha-chitin into chitosan, Appl.Acoust. 103 (2016) 239–242.

[5] A.L. Brody, E.P. Strupinkky, L.R. Kline, Active Packaging for Food Application,
Technomic Publishing Company, Lancaster, 2001.

[6] S.M. Byun, H.K. No, J.-H. Hong, S.I. Lee, W.  Prinyawiwatkul, Comparison of
physicochemical, binding, antioxidant and antibacterial properties of
chitosans prepared from ground and entire crab leg shells, Int. Jo. Food Sci.
Technol. 48 (2013) 136–142.

[7] C. Caner, The effect of edible eggshell coatings on egg quality and consumer
perception, J. Sci. Food Agric. 85 (2005) 1897–1902.

[8] D.S. Cha, M.S. Chinnan, Biopolymer-based antimicrobial packaging: a
review, Crit. Rev. Food Sci. Nutr. 44 (2004) 223–237.

[9] S.-H. Chang, H.-T.V. Lin, G.-J. Wu,  G.J. Tsai, PH effects on solubility, zeta
potential, and correlation between antibacterial activity and molecular
weight of chitosan, Carbohydr. Polym. 134 (2015) 74–81.

[10] S. Chen, G. Wu,  H. Zeng, Preparation of high antimicrobial activity thiourea
chitosan–Ag+ complex, Carbohydr. Polym. 60 (2005) 33–38.

[11] R.-C. Chien, M.-T. Yen, J.-L. Mau, Antimicrobial and antitumor activities of
chitosan from shiitake stipes, compared to commercial chitosan from crab
shells, Carbohydr. Polym. (2015), http://dx.doi.org/10.1016/j.carbpol.2015.
11.061.

[12] Y.-C. Chung, C.-C. Su Y.-p. Chen, G. Jia, J.C.G. Wang H.-l. Wu,  J.-G. Lin,
Relationship between antibacterial activity of chitosan and surface
characteristics of cell wall, Acta Pharmacol. Sin. 25 (2004) 932–936.

[13] Y.-C. Chung, H.-L. Wang, Y.-M. Chen, S.-L. Li, Effect of abiotic factors on the
antibacterial activity of chitosan against waterborne pathogens, Bioresour.
Technol. 88 (2003) 179–184.

[14] Y.-C. Chung, J.-Y. Yeh, C.-F. Tsai, Antibacterial characteristics and activity of
water-soluble chitosan derivatives prepared by the maillard reaction,
Molecules 16 (2011) 8504–8514.

[15] P.M. Claesson, B.W. Ninham, Ph-dependent interactions between adsorbed
chitosan layers, Langmuir 8 (1992) 1406–1412.

[16] R.G. Cuero, G. Osuji, A. Washington, N-carboxymethyl chitosan inhibition of
aflatoxin production: role of zinc, Biotechnol. Lett. 13 (1991) 441–444.

[17] D. Dehnad, H. Mirzaei, Z. Emam-Djomeh, S.-M. Jafari, S. Dadashi, Thermal
and antimicrobial properties of chitosan–nanocellulose films for extending
shelf life of ground meat, Carbohydr. Polym. 109 (2014) 148–154.

[18] D. Dehnad, Z. Emamjomee, H.A. Mirzaei, S.M. Jafari, S. Dadashi, Optimisation
of physical and mechanical properties for chitosan-nanocellulose
biocomposites, Carbohydr. Polym. 105 (2014) 222–228.

[19] F. Devlieghere, A. Vermeulen, J. Debevere, Chitosan: antimicrobial activity,
interactions with food components and applicability as a coating on fruit
and vegetables, Food Microbiol. 21 (2004) 703–714.

[20] G.L. Dotto, M.L.G. Vieira, L.A.A. Pinto, Use of chitosan solutions for the
microbiological shelf life extension of papaya fruits during storage at room
temperature, LWT  Food Sci. Technol. 64 (2015) 126–130.

[21] K.F. El-tahlawy, M.A. El-bendary, A.G. Elhendawy, S.M. Hudson, The
antimicrobial activity of cotton fabrics treated with different crosslinking
agents and chitosan, Carbohydr. Polym. 60 (2005) 421–430.

[22] R.R. Faria, R.F. Guerra, L.R.D.S. Neto, L.F. Motta, E.D.F. Franca, Computational
study of polymorphic structures of �- and �-chitin and chitosan in aqueous
solution, J. Mol. Graph. Model (2015), http://dx.doi.org/10.1016/j.jmgm.
2015.11.001.
[23] P.A. Felse, T. Panda, Studies on applications of chitin and its derivatives,
Bioprocess Biosyst. Eng. 20 (1999) 505–512.

[24] P. Fernandez-Saiz, J.M. Lagaron, M.J. Ocio, Optimization of the biocide
properties of chitosan for its application in the design of active films of
interest in the food area, Food Hydrocolloids 23 (2009) 913–921.
 Biological Macromolecules 85 (2016) 467–475

[25] I. Fernández-Pan, J.I. Maté, C. Gardrat, V. Coma, Effect of chitosan molecular
weight on the antimicrobial activity and release rate of carvacrol-enriched
films, Food Hydrocolloids 51 (2015) 60–68.

[26] X. Fu, Y. Shen, X. Jiang, D. Huang, Y. Yan, Chitosan derivatives with
dual-antibacterial functional groups for antimicrobial finishing of cotton
fabrics, Carbohydr. Polym. 85 (2011) 221–227.

[27] S. Goldberg, R.J. Doyle, M.  Rosenberg, Mechanism of enhancement of
microbial cell hydrophobicity by cationic polymers, J. Bacteriol. 172 (1990)
5650–5654.

[28] J. Gómez-Estaca, A.L. de Lacey, M.E. López-Caballero, M.C. Gómez-Guillén, P.
Montero, Biodegradable gelatin-chitosan films incorporated with essential
oilsas antimicrobial agents for fish preservation, Food Microbiol. 27 (2010)
889–896.

[29] D. Guzey, D.J. McClements, Characterization of �-lactoglobulin-chitosan
interactions in aqueous solutions: a calorimetry, light scattering,
electrophoretic mobility and solubility study, Food Hydrocolloids 20 (2006)
124–131.

[30] I.M. Helander, E.L. Nurmiaho-Lassila, R. Ahvenainen, J. Rhoades, S. Roller,
Chitosan disrupts the barrier properties of the outer membrane of
gram-negative bacteria, Int. J. Food Microbiol. 71 (2001) 235–244.

[31] A. Higazy, M.  Hashem, A. ElShafei, N. Shaker, M.A. Hady, Development of
antimicrobial jute packaging using chitosan and chitosan-metal complex,
Carbohydr. Polym. 79 (2010) 867–874.

[32] J. Holappa, M.  Hjálmarsdóttir, M.  Másson, O. Rúnarsson, T. Asplund, P.
Soininen, et al., Antimicrobial activity of chitosan N-betainates, Carbohydr.
Polym. 65 (2006) 114–118.

[33] T. Hongpattarakere, O. Riyaphan, Effect of deacetylation conditions on
antimicrobial activity of chitosans prepared from carapace of black tiger
shrimp (Penaeus monodon), Songklanakarin J. Sci. Technol. 30 (2008) 1–9.

[34] K.-J. Hu, J.-L. Hu, K.-P. Ho, K.-W. Yeung, Screening of fungi for chitosan
producers, and copper adsorption capacity of fungal chitosan and
chitosanaceous materials, Carbohydr. Polym. 58 (2004) 45–52.

[35] S.M. Jafari, M. Khanzadi, H.A. Mirzaei, D. Dehnad, F. Khodaeian, Y.
Maghsoudlou, Hydrophobicity, thermal and micro-structural properties of
whey protein concentrate–pullulan–beeswax films, Int. J. Biol. Macromol. 80
(2015) 506–511.

[36] A. Jeihanipour, K. Karimi, M.J. Taherzadeh, Antimicrobial properties of
fungal chitosan, Research J. Biol. Sci. 2 (2007) 239–243.

[37] S.R. Kanatt, M.S. Rao, S.P. Chawla, A. Sharma, Effects of chitosan coating on
shelf-life of ready-to-cook meat products during chilled storage, LWT  Food
Sci.  Technol. 53 (2013) 321–326.

[38] M.  Khanzadi, S.M. Jafari, H.A. Mirzaei, F. Khodaeian, Y. Maghsoudlou, D.
Dehnad, Physical and mechanical properties in biodegradable films of whey
protein concentrate-pullulan by application of beeswax, Carbohydr. Polym.
118 (2015) 24–29.

[39] D. Knorr, Use of chitinous polymers in food—a challenge for food research
and  development, Food Technol. 38 (1984) 85–97.

[40] M.  Kong, X.G. Chen, C.S. Liu, C.G. Liu, X.H. Meng, L.J. Yu, Antibacterial
mechanism of chitosan microspheres in a solid dispersing system against E
coli,  Colloids Surfaces B 65 (2008) 197–202.

[41] S.N. Kulikov, S.A. Lisovskaya, P.V. Zelenikhin, E.A. Bezrodnykh, D.R.
Shakirova, I.V. Blagodatskikh, V.E. Tikhonov, Antifungal activity of
oligochitosans (short chain chitosans) against some Candida species and
clinical isolates of Candida albicans: molecular weight-activity relationship,
Eur. J. Med. Chem. 74 (2014) 169–178.

[42] S.N. Kulikov, V.E. Tikhonov, E.A. Bezrodnykh, S.A. Lopatin, V.P. Varlamov,
Comparative evaluation of antimicrobial activity of oligochitosans against
Klebsiella pneumoniae, Russ. J. Bioorg. Chem. 41 (2015) 57–62.

[43] M.N.V.R. Kumar, R.A.A. Muzzarelli, C. Muzzarelli, H. Sashiwa, A.J. Domb,
Chitosan chemistry and pharmaceutical perspectives, Chem. Rev. 104
(2004) 6017–6084.

[44] S. Kumar-Krishnan, E. Prokhorov, M.  Hernández-Iturriaga, J.D.
Mota-Morales, M.  Vázquez-Lepe, Y. Kovalenko, I.C. Sanchez, G.
Luna-Bárcenas, Chitosan/silver nanocomposites: Synergistic antibacterial
action of silver nanoparticles and silver ions, Eur. Polym. J. 67 (2015)
242–251.

[45] T.P. Labuza, W.M.  Breene, Applications of «active packaging» for
improvement of shelf-life and nutritional quality of fresh and extended
shelf-life foods, Journal of Food Processing and Preservation 13 (1989)
1–69.

[46] E. Latou, S.F. Mexis, A.V. Badeka, S. Kontakos, M.G. Kontominas, Combined
effect of chitosan and modified atmosphere packaging for shelf life
extension of chicken breast fillets, LWT  Food Sci. Technol. 55 (2014)
263–268.

[47] S. Lekjing, A chitosan-based coating with or without clove oil extends the
shelf life of cooked pork sausages in refrigerated storage, Meat Sci. 111
(2016) 192–197.

[48] J.L. Leuba, P. Stossel, Chitosan and other polyamines: antifungal activity and
interaction with biological membranes, in: R.A.A. Muzarelli, C. Jeuniaux,
G.W. Graham (Eds.), Chitin in Nature and Technology, Plenum Press, New
York, 1986, pp. 215–222.
[49] B. Li, X. Wang, R. Chen, W.  Huangfu, G. Xie, Antibacterial activity of chitosan
solution against Xanthomonas pathogenic bacteria isolated from Euphorbia
pulcherrima,  Carbohydr. Polym. 72 (2008) 287–292.

http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0005
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0010
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0015
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0020
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0025
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0030
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0035
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0040
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0045
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0050
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
dx.doi.org/10.1016/j.carbpol.2015.11.061
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0060
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0065
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0070
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0075
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0080
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0085
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0090
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0095
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0100
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0105
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
dx.doi.org/10.1016/j.jmgm.2015.11.001
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0115
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0120
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0125
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0130
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0135
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0140
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0145
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0150
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0155
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0160
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0165
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0170
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0175
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0180
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0185
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0190
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0195
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0200
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0205
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0210
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0215
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0220
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0225
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0230
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0235
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0240
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245
http://refhub.elsevier.com/S0141-8130(16)30023-X/sbref0245


nal of 

acetyl phenyl-thiosemicarbazone-chitosan on antimicrobial activities, Int. J.
Biol. Macromol. 48 (2011) 713–719.
M. Hosseinnejad, S.M. Jafari / International Jour

[50] L.-H. Li, J.-C. Deng, H.-R. Deng, Z.-L. Liu, X.-L. Li, Preparation, characterization
and antimicrobial activities of chitosan/Ag/ZnO blend films, Chem. Eng. J.
160 (2010) 378–382.

[51] X.-F. Li, X.-Q. Feng, S. Yang, G.-Q. Fu, T.-P. Wanga, Z.-X. Su, Chitosan kills
Escherichia coli through damage to be of cell membrane mechanism,
Carbohydr. Polym. 79 (2010) 493–499.

[52] Z. Li, F. Yang, R. Yang, Synthesis and characterization of chitosan derivatives
with dual-antibacterial functional groups, Int. J. Biol. Macromol. 75 (2015)
378–387.

[53] S.-H. Lim, S.M. Hudson, Synthesis and antimicrobial activity of a
water-soluble chitosan derivative with a fiber-reactive group, Carbohydr.
Res. 339 (2004) 313–319.

[54] H. Liu, Y. Du, X. Wang, L. Sun, Chitosan kills bacteria through cell membrane
damage, Int. J. Food Microbiol. 95 (2004) 147–155.

[55] H. Liu, Y. Du, J. Yang, H. Zhu, Structural characterization and antimicrobial
activity of chitosan/betain derivative complex, Carbohydr. Polym. 55 (2004)
291–297.

[56] N. Liu, X.-G. Chen, H.-J. Park, C.-G. Liu, C.-S. Liu, X.-H. Meng, L.-J. Yu, Effect of
MW  and concentration of chitosan on antibacterial activity of
Escherichia coli, Carbohydr. Polym. 64 (2006) 60–65.

[57] Z. Liu, X. Ge, Y. Lu, S. Dong, Y. Zhao, M.  Zeng, Effects of chitosan molecular
weight and degree of deacetylationon the properties of gelatine-based films,
Food Hydrocolloids 26 (2012) 311–317.

[58] R.A.A. Muzzarelli, Chitosan-based dietary foods, Carbohydr. Polym. 29
(1996) 309–316.

[59] H.K. No, S.H. Lee, N.Y. Park, S.P. Meyers, Comparison of physicochemical,
binding, and antibacterial properties of chitosans prepared without and
with deproteinization process, J. Agric. Food Chem. 51 (2003) 7659–7663.

[60] H.K. No, N.Y. Park, S.H. Lee, S.P. Meyers, Antibacterial activity of chitosans
and chitosan oligomers with different molecular weights, Int. J. Food
Microbiol. 74 (2002) 65–72.

[61] Y. Ogawa, S. Kimura, M.  Wada, S. Kuga, Crystal analysis and high-resolution
imaging of microfibrillar �-chitin from Phaeocystis, J. Struct. Biol. 171 (2010)
111–116.

[62] S.M. Ojagh, M. Rezaei, S.H. Razavi, S.M.H. Hosseini, Development and
evaluation of a novel biodegradable film made from chitosan and cinnamon
essential oil with low affinity toward water, Food Chem. 122 (2010)
161–166.

[63] P.-J. Park, J.-Y. Je, H.-G. Byun, S.-H. Moon, S.-K. Kim, Antimicrobial activity of
hetero-chitosans and their oligosaccharides with different molecular
weights, J. Microbiol. Biotechnol. 14 (2004) 317–323.

[64] R.L. Patale, V.B. Patravale, O, N-carboxymethyl chitosan–zinc complex: a
novel chitosan complex with enhanced antimicrobial activity, Carbohydrate
Polymers 85 (2011) 105–110.

[65] K.V.H. Prashanth, R.N. Tharanathan, Chitin/chitosan: modifications and their
unlimited application potential—an overview, Trends Food Sci. Technol. 18
(2007) 117–131.

[66] C. Qin, H. Li, Q. Xiao, Y. Liu, J. Zhu, Y. Du, Water-solubility of chitosan and its
antimicrobial activity, Carbohydr. Polym. 63 (2006) 367–374.

[67] K.V. Reesha, S. Kumar Panda, J. Bindu, T.O. Varghese, Development and
characterization of an LDPE/chitosan composite antimicrobial film for
chilled fish storage, Int. J. Biol. Macromol. 79 (2015) 934–942.

[68] S. Roller, N. Covill, The antifungal properties of chitosan in laboratory media
and apple juice, Int. J. Food Microbiol. 47 (1999) 67–77.

[69] M.L. Rooney, Active Food Packaging, Blackie Academic and Professional,
Glasgow, 1995.

[70] E. Sayas-Barberá, J. Quesada, E. Sánchez-Zapata, M.  Viuda-Martos, F.
Fernández-López, J.A. Pérez-Alvarez, E. Sendra, Effect of the molecular
weight and concentration of chitosan in pork model burgers, Meat Sci. 88
(2011) 740–749.

[71] J. Sangsuwan, N. Rattanapanone, P. Rachtanapun, Effect of chitosan/methyl
cellulose films on microbial and quality characteristics of fresh-cut
cantaloupe and pineapple, Postharvest Biol. Technol. 49 (2008) 403–410.

[72] P. Sanpui, A. Murugadoss, P.V.D. Prasad, S.S. Ghosh, A. Chattopadhyay, The
antibacterial properties of a novel chitosan-Ag-nanoparticle composite, Int.
J.  Food Microbiol. 124 (2008) 142–146.

[73] R. Severino, G. Ferrari, K.D. Vu, F. Donsì, S. Salmieri, M.  Lacroix, Antimicrobial
effects of modified chitosan based coating containing nanoemulsion of
essential oils: modified atmosphere packaging and gamma irradiation
against Escherichia coli O157:H7 and Salmonella typhimurium on green
beans, Food Control 50 (2015) 215–222.

[74] R. Severino, K.D. Vu, F. Donsì, S. Salmieri, G. Ferrari, M.  Lacroix, Antimicrobial
effects of different combined non-thermal treatments against Listeria
monocytogenes in broccoli florets, J. Food Eng. 124 (2014) 1–10.

[75] F. Shahidi, J.K.V. Arachchi, Y.J. Jeon, Food application of chitin and chitosans,
Trends Food Sci. Technol. 10 (1999) 37–51.

[76] S.S. Shekarforoush, S. Basiri, H. Ebrahimnejad, S. Hosseinzadeh, Effect of
chitosan on spoilage bacteria, Escherichia coli and Listeria monocytogenes in
cured chicken meat, Int. J. Biol. Macromol. 76 (2015) 303–309.

[77] N.R. Sudarshan, D.G. Hoover, D. Knorr, Antibacterial action of chitosan, Food
Biotechnol. 6 (1992) 257–272.
[78] T. Sukmark, P. Rachtanapun, C. Rachtanapun, Antimicrobial activity of
oligomer and polymer chitosan from different sources against foodborne
pathogenic bacteria, Kasetsart J. Nat. Sci. 45 (2011) 636–643.
Biological Macromolecules 85 (2016) 467–475 475

[79] L. Sun, Y. Du, L. Fan, X. Chen, J. Yang, Preparation, characterization and
antimicrobial activity of quaternized carboxymethyl chitosan and
application as pulp-cap, Polymer 47 (2006) 1796–1804.

[80] S. Tajik, Y. Maghsoudlou, F. Khodaeian, S.M. Jafari, M. Ghasemlou, M.  Aalami,
Soluble soybean polysaccharide: a new carbohydrate to make a
biodegradable film for sustainable green packaging, Carbohydr. Polym. 97
(2) (2013) 817–824.

[81] T. Takahashi, M. Imaia, I. Suzuki, J. Sawai, Growth inhibitory effect on
bacteria of chitosan membranes regulated with deacetylation degree,
Biochem. Eng. J. 40 (2008).

[82] T.S. Tan, H.Y. Chin, M.-L. Tsai, C.-L. Liu, Structural alterations, pore
generation, and deacetylation of �- and �-chitin submitted to steam
explosion, Carbohydr. Polym. 122 (2015) 321–328.
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