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a  b  s  t  r  a  c  t

Based  on  cuprous-catalyzed  azide-alkyne  cycloaddition  (CuAAC),  starch  derivative  bearing  1,2,3-triazole
and  pyridine  (II)  was  prepared  and  subsequently  followed  by alkylation  with  iodomethane  to synthesize
starch  derivative  bearing  1,2,3-triazolium  and  pyridinium  (III). The  antifungal  activities  of  starch  deriva-
tives  against  Colletotrichum  lagenarium,  Watermelon  fusarium,  and  Phomopsis  asparagi,  were  then  assayed
by  hypha  measurement  in vitro.  Apparently,  starch  derivatives  showed  enhanced  antifungal  activity
against  three  fungi  at  the  tested  concentrations  compared  with  starch.  Especially,  the  best  inhibitory  index
of starch  derivative  (III)  against  Colletotrichum  lagenarium  attained  97%  above  at  1.0  mg/mL.  Meanwhile,
starch  derivative  (III) had stronger  antifungal  activity  than  starch  derivative  (II), which  was reasonable  to
propose  that  the  alkylation  of 1,2,3-triazole  and  pyridine  was  significant  for enhanced  antifungal  activ-
ity.  As  this  novel  starch  derivative  bearing  1,2,3-triazolium  and pyridinium  could  be prepared  efficiently
and  exhibited  superduper  antifungal  activity,  this  material  might  provide  an  effective  way  and  notion  to
prepare novel  antifungal  agents.

©  2016  Elsevier  Ltd.  All  rights  reserved.
eywords:
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. Introduction

Starch, the natural polysaccharide derived from a large variety of
igher green plants, such as cereals, legumes, and tubers (Fan et al.,
016), is composed of anhydroglucose units (AGU) linked together
y �-glucosidic bonds (Nep, Ngwuluka, Kemas, & Ochekpe, 2016).
ue to its interesting properties such as abundant, cheap, nontoxic,
iodegradable, and biocompatible (Ubeyitogullari & Ciftci, 2016;
erma, Le Bras, Jain, & Muzart, 2013), starch has been developed
nd used in some fields, including in the food, pharmaceutical, bev-

rages, papermaking, packaging, and textiles (Li et al., 2016; Shi &
ao, 2016). However, native starch can not meet the demands for

urther industrial applications on account of lacking active groups

∗ Corresponding author.
E-mail address: zhanyongguo@hotmail.com (Z. Guo).

ttp://dx.doi.org/10.1016/j.carbpol.2016.09.093
144-8617/© 2016 Elsevier Ltd. All rights reserved.
such as carboxyl, sulfate ester, and amino (Tan, Li, Wang et al.,
2016). In order to effectively broaden the industrial applications
of new valuable products based on starch in sustainable chemi-
cal research field and bioactive material, one valid solution is the
chemical modification via introduction of the individual functional
moieties to native starch molecules (Kumar, Verma, & Jain, 2015;
Sukhija, Singh, & Riar, 2016; Verma, Jain & Sain, 2011; Verma, Jain,
& Sain, 2011; Verma, Le Bras, Jain, & Muzart, 2013; Verma et al.,
2013c).

The outstanding features of the 1,3-dipolar cycloaddition of
azide and alkyne using catalytic amounts of Cu(I), such as ver-
satility, high efficiency, and robustness (Singh et al., 2015; Sood
et al., 2014), have promoted the development of an extremely

broad palette of polysaccharide materials containing 1,2,3-triazole
units. The many interesting biological properties of 1,2,3-triazoles,
such as anti-HIV (Pribut, Veale, Basson, van Otterlo, & Pelly, 2016),
antimicrobial (Garudachari, Isloor, Satyanarayana, Fun, & Hegde,

dx.doi.org/10.1016/j.carbpol.2016.09.093
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
http://crossmark.crossref.org/dialog/?doi=10.1016/j.carbpol.2016.09.093&domain=pdf
mailto:zhanyongguo@hotmail.com
dx.doi.org/10.1016/j.carbpol.2016.09.093
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014; Zhang, Wei, Vijaya Kumar, Rasheed, & Zhou, 2014), anti-
ancer (Kumar et al., 2011), antimalarial (Pereira et al., 2014),
nd antioxidant (Tan, Li, Li, Dong & Guo, 2016), have also
acilitated the chemical modification of polysaccharide with 1,2,3-
riazoles. Meanwhile, alkylation of 1,2,3-triazoles can provide the
,2,3-triazolium cations, which have been prepared for novel

onic liquids (Mudraboyina, Obadia, Abdelhedi-Miladi, Allaoua,
 Drockenmuller, 2015; Obadia, Crépet, Serghei, Montarnal, &
rockenmuller, 2015; Obadia et al., 2014) and catalysts (Aizpurua
t al., 2014; Jha & Jain, 2013; Ohmatsu, Hamajima, & Ooi,
012) because of high thermal stability, tunable solubility, and

ow flammability (Liu et al., 2016). However, although the
,2,3-triazole-linked starch derivatives have been reported and
escribed, to our knowledge there are no reports on synthesis and
ioactivity of starch derivatives bearing 1,2,3-triazolium cations so
ar. Moreover, pyridine group has been also regarded as an excel-
ent reactive precursor, which can synthesize pyridinium group by
he alkylation reaction (Jia, Duan, Fang, Wang, & Huang, 2016). But
he effect of alkylation of 1,2,3-triazole and pyridine groups on the
ioactivity of starch derivatives was still unknown.

This study aimed to investigate the effect of 1,2,3-triazolium
nd pyridinium groups on biological activity of starch derivative.
erein, we presented the synthesis, characterization, and anti-

ungal activity of starch derivative bearing 1,2,3-triazolium and
yridinium (III) obtained by alkylation of starch derivative bear-

ng 1,2,3-triazole and pyridine (II) issued from CuAAC reaction. The
hemical structures of the starch derivatives were characterized by
TIR, 1H NMR, and 13C NMR. Three plant-threatening fungi, includ-
ng Colletotrichum lagenarium (C. lagenarium), Watermelon fusarium
W. fusarium), and Phomopsis asparagi (P. asparagi), were selected
o evaluate the antifungal property of starch and starch derivatives
II) and (III) by hypha measurement in vitro.

. Experimental

.1. Materials

Soluble starch from potato (granules) with weight-average
olecular weight of 9.8 × 104 Da, was purchased from Sinopharm

hemical Reagent Co., Ltd. (Shanghai, China). N-bromosuccinimide
NBS), triphenylphosphine (TPP), nicotinoyl chloride hydrochlo-
ide, propargyl amine, and iodomethane were purchased from the
igma-Aldrich Chemical Corp (Shanghai, China). Triadimefon (20%
mulsifiable concentrates) was obtained from Hebei Shenhua Phar-
aceutical Co., Ltd. (Hebei, China). The other reagents were all

nalytical grade and used as received.

.2. Analytical methods

Fourier transform infrared (FTIR) spectra were recorded on
 Jasco-4100 Fourier Transform Infrared Spectrometer (Japan,
rovided by JASCO Co., Ltd. Shanghai, China) at 25 ◦C in the trans-
ittance mode. About 1 mg  of sample with 100 mg  of KBr was  fully

rinded and mixed. The mixed samples were pressed into pills with
 compressor and prepared pellets were used for studies. All spec-
ra were scanned against a blank KBr pellet back-ground in the
ange of 4000–400 cm−1 with resolution of 4.0 cm−1. 13C Nuclear

agnetic resonance (13C NMR) and 1H Nuclear magnetic resonance
1H NMR) spectra were all recorded on a Bruker AVIII-500 Spec-
rometer (Switzerland, provided by Bruker Tech. and Serv. Co., Ltd.,
eijing, China) at 25 ◦C using DMSO-d6 or D2O as solvent. Chemi-

al shifts (� ppm) were referenced to tetramethylsilane (TMS). The
lemental analyses (C, H, and N) were performed on a Vario EL III
Elementar, Germany). The degrees of substitution (DS) of starch
erivatives were calculated on the basis of the percentages of car-
mers 157 (2017) 236–243 237

bon and nitrogen. X-ray diffraction (XRD) analyses of the samples
were performed using an X-ray diffractometer (Rigaku Ultima IV,
Rigaku Corporation, Japan) using Cu K� radiation (� = 1.5418 Å) set
at 40 kV and 30 mA.  All samples were scanned at diffraction angle
(2�) from 5 to 50◦ at a rate of 1.20◦/min and with a step size of
0.02◦. The morphology of the samples was  examined through a
Scanning electron microscope (SEM) (S-4800, Hitachi, Japan). Each
sample was coated with gold in an ion sputter (E-1045, Hitachi,
Japan) before being scanned and photographed at the magnifica-
tions (1000×).  An accelerating potential of 3 kV was used during
image acquisition.

2.3. The synthesis of the starch derivatives

2.3.1. Synthesis of N-prop-2-ynylnicotinamide (I)
A stirred solution of propargyl amine (0.65 mL,  10 mmol), tri-

ethyl amine (1.4 mL,  10 mmol), and DMAP (24 mg,  0.2 mmol)
in 20 mL  of CH2Cl2 was  cooled to 0 ◦C. The nicotinoyl chloride
hydrochloride (1.78 g, 10 mmol) was then added in batches. The
reaction mixture was then stirred at 0 ◦C for 0.5 h and overnight
at room temperature. The mixture was  then extracted with
0.1 M aqueous solutions of HCl (2 × 10 mL)  and NaOH (2 × 10 mL),
washed with water (3 × 20 mL), dried over MgSO4, filtrated and
the solvent evaporated under vacuum. The resulting N-prop-2-
ynylnicotinamide (I) was  sufficiently pure to be used without
further purification. N-prop-2-ynylnicotinamide (I), Yield: 35.89%.
FTIR: � 3224, 3046, 2958, 2113, 1658, 1596, 1550, 713, 640 cm−1. 1H
NMR (500 MHz, DMSO-d6): ı 9.02 (m,  1H, Py-2-H), 8.73 (m,  1H, Py-
6-H), 8.21 (m,  1H, Py-4-H), 8.19 (m,  1H, NHCH2C CH), 7.53 (m,  1H,
Py-5-H), 4.09 (dd, J = 1.5, 3.9 Hz, 2H, NHCH2C CH), 2.51 (dt, J = 1.8,
3.6 Hz, 1H, NHCH2C CH) ppm. 13C NMR  (125 MHz, DMSO-d6): ı
164.99 (1C, C O), 152.57 (1C, Py-2-C), 148.88 (1C, Py-6-C), 135.49
(1C, Py-4-C), 129.75 (1C, Py-3-C), 123.98 (1C, Py-5-C), 81.41 (1C,
NHCH2C CH), 73.60 (1C, NHCH2C CH), 28.92 (1C, NHCH2C CH)
ppm. MS  [ESI]: m/z [M + H]+ calcd for C9H8N2O 161.06; found
161.17.

2.3.2. The dissolution of starch
Soluble starch (3.24 g, 20 mmol) was  stirred in 80 mL of anhy-

drous N,N-dimethylformamide (DMF), while the mixture was
heated to 120 ◦C for 1 h. The slurry was then allowed to cool to
90 ◦C, at which point LiBr (3.47 g, 40 mmol) was  added. The starch
could dissolve within 5 min  to form a transparent solution. The con-
tents of the flask were allowed to cool further to room temperature
while stirring.

2.3.3. Synthesis of 6-bromo-6-deoxy starch (BDST)
When transparent solution above-mentioned was cooled to 0 ◦C,

N-bromosuccinimide (NBS) (14.24 g, 80 mmol) and triphenylphos-
phine (TPP) (20.99 g, 80 mmol) were added. The reaction solution
was heated to 80 ◦C for 3 h under an argon atmosphere. The prod-
uct was  isolated by adding the reaction mixture slowly to 400 mL
of 95:5 (v/v) mixture of absolute ethanol and deionized water, fol-
lowed by filtration. The unreacted NBS, TPP, and other outgrowth,
were extracted in a Soxhlet apparatus with ethanol and acetone for
48 h, respectively. The 6-bromo-6-deoxy starch was obtained by
freeze-drying overnight in vaccum. Yield: 89.31%. FTIR: � 3405.67,
2923.56, 1029.80, 682.68 cm−1. 1H NMR  (500 MHz, DMSO-d6): ı
5.85-3.30 (pyranose rings), 3.44 (CH2Br) ppm. 13C NMR  (125 MHz,
DMSO-d6): ı 100.22–70.08 (pyranose rings), 34.78 (CH2Br) ppm.

2.3.4. Synthesis of 6-azido-6-deoxy starch (ADST)

In a 100 mL  three-necked round-bottom flask, 6-bromo-6-

deoxy starch (2.25 g, 10 mmol) was  weighed and dissolved in
40 mL  of anhydrous dimethylsulfoxide (DMSO). Then, NaN3 (1.3 g,
20 mmol) was  added to the flask and dissolved. The solution was
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eated to 80 ◦C and stirred for 24 h under an argon atmosphere. The
roduct was isolated by pouring the reaction solution into 200 mL
f absolute ethanol. The precipitate was collected by filtration, and
ashed with acetone. After being extracting in a Soxhlet apparatus
ith ethanol for 48 h and being dialyzed against deionized water for

8 h to remove the probable remained sodium azide, the 6-azido-6-
eoxy starch was obtained by freeze-drying. Yield: 71.10%. DSazido:
5.57%. FTIR: � 3405.67, 2923.56, 2105.89, 1041.37 cm−1. 1H NMR
500 MHz, DMSO-d6): ı 5.72–3.30 (pyranose rings), 3.77 (CH2N3)
pm. 13C NMR  (125 MHz, DMSO-d6): ı 100.22–70.26 (pyranose
ings), 51.69 (CH2N3) ppm.

.3.5. Synthesis of starch derivative bearing 1,2,3-triazole and
yridine (II)

6-Azido-6-deoxy starch (187 mg,  1 mmol) was  dissolved in
0 mL  of DMSO, cuprous iodide (19 mg,  0.1 mmol), triethylamine
0.14 mL,  1 mmol), and N-prop-2-ynylnicotinamide (I) (322 mg,

 mmol) were added, and the solution was stirred at 75 ◦C for
4 h under an argon atmosphere. The mixture was precipitated

n 100 mL  of acetone, and collected by filtration. The probable
emained reagents were extracted in a Soxhlet apparatus with ace-
one for 48 h. After being dialyzed against deionized water for 48 h,
he starch derivative (II) was obtained by lyophilization of their
queous solutions. Yield: 90.48%. DS triazole: 97.46%. FTIR: � 3351.68,
081.69, 2923.56, 1650.77, 1596.77, 1542.77, 1469.49, 1041.37,
09.96 cm−1. 1H NMR  (500 MHz, DMSO-d6): ı 9.13 (s, 1H, Py-2-H),
.76 (s, 1H, Py-6-H), 8.08 (2H, Py-4-H and CONHCH2), 7.75 (m,  1H,
y-5-H), 7.49 (m,  1H, triazole-5-H), 5.72-3.02 (pyranose rings), 4.31
s, NHCH2C), 3.84 (s, 1H, NCH2CH) ppm. 13C NMR  (125 MHz, DMSO-
6): ı 165.35 (1C, C O), 152.17 (1C, Py-2-C), 148.74 (1C, Py-6-C),
44.45 (triazole-4-C), 124.47 (triazole-5-C), 135.45 (1C, Py-4-C),
29.95 (1C, Py-3-C), 124.47 (1C, Py-5-C), 99.90-69.66 (pyranose
ings), 50.19 (1C, NCH2CH), 35.06 (1C, NHCH2C) ppm.

.3.6. Synthesis of starch derivative bearing 1,2,3-triazolium and
yridinium (III)

A solution of 1,2,3-triazole-functionalized starch derivative
II) (347 mg,  1 mmol  of 1,2,3-triazole groups) and iodomethane
0.187 mL,  3 mmol) in 15 mL  of DMSO was stirred at 60 ◦C for 24 h.
fterwards, the remaining iodomethane was evaporated, and the

eaction mixture was precipitated into 100 mL  of acetone. The solid
roduct was filtered, washed with acetone three times. After being
ialyzed against deionized water for 48 h, the starch derivative (III)
as obtained by lyophilization of their aqueous solutions. Yield:

6.35%. DS quaternization: 93.02%. FTIR: � 3397.96, 3062.41, 2919.70,
670.05, 1592.91, 1542.77, 1500.35, 1041.37, 794.53 cm−1. 1H NMR
500 MHz, D2O): ı 9.24 (d, J = 77.3 Hz, 1H, Py-2-H), 8.88 (m,  4H,
y-4,5,6-H and triazole-5-H), 8.20 (s, 1H, CONHCH2), 5.52-3.14
pyranose rings), 4.94 (s, NHCH2C), 4.42 (d, J = 41.3 Hz, 6H, N+CH3),
.09 (s, 1H, NCH2CH) ppm. 13C NMR  (125 MHz, D2O): ı 164.02 (1C,

 O), 147.63 (1C, Py-4-C), 145.45 (1C, Py-2-C), 143.97 (1C, Py-6-C),
40.06 (triazolium-4-C), 128.30 (triazolium-5-C), 133.09 (2C, Py-
,5-C), 99.90-62.55 (pyranose rings), 49.11 (1C, NCH2CH), 39.27,
2.93 (2C, N+CH3), 36.73 (1C, NHCH2C) ppm.

.4. Antifungal assay

Antifungal assay was performed based on the method of Guo
t al. with minor modification (Guo et al., 2014). Briefly, the com-
ounds (starch and starch derivatives (II) and (III)) were dissolved

n distilled water containing 2% (w/w) DMSO at a concentration of
 mg/mL. Then, to each solution, sterilized potato dextrose agar was

dded to give a final concentration of 0.1, 0.5, and 1.0 mg/mL. After
he mixture was cooled in the plate, the mycelium of fungi was
ransferred to the test plate and incubated at 27 ◦C for 2–3 days.

hen the mycelium of fungi reached the edges of the control plate
Fig. 1. FTIR spectra of starch and starch derivatives.

(without the presence of samples), the inhibitory index was  calcu-
lated as follows:

Inhibitoryindex(%) = (1 − Da/Db) × 100

where Da is the diameter of the growth zone in the test plates and
Db is the diameter of the growth zone in the control plate.

2.5. Statistical analysis

Each experiment was  performed three times. All data were
expressed as means ± SD. Data were analyzed by an analysis of vari-
ance (P < 0.05) and the Scheffe’s method was used to evaluate the
differences in inhibitory indices in antifungal tests. The results were
processed by the computer programs: Origin and SPSS.

3. Results and discussion

3.1. Chemical synthesis and characterization

The synthetic strategy for the preparation of starch derivatives
via CuAAC reaction is shown in Scheme 1. Each step of synthesis
is followed by FTIR, 1H NMR, and 13C NMR  spectroscopy shown in
Figs. 1–3, respectively.

Firstly, 6-bromo-6-deoxy starch was  first regioselectivity
synthesized in N,N-dimethylformamide (DMF)/LiBr as a useful
intermediate for synthesis of 6-azido-6-deoxy starch by SN2 dis-
placement of the bromide. This highly regioselectivity should be
given the credit to alkoxyphosphonium salt intermediate at the
primary hydroxyl group attached to the 6-carbon due to the steric
bulk of three phenyl rings (Fox & Edgar, 2011). A bromide anion,
supplied by the NBS, then attacked C-6 via SN2 mechanism with
triphenylphosphine oxide as the leaving group (Fox & Edgar, 2012).
In FTIR spectrum of BDST, a new peak at 682.68 cm−1 is assigned
to C-6-Br group (Tan, Li, Wang et al., 2016). In 1H NMR  spectrum

of BDST, hydrogens of CH2Br are observed at 3.44 ppm. Moreover,
carbon of CH2Br is clearly observed at 34.78 ppm in 13C NMR  spec-
trum (Zhang & Edgar, 2015). However, there are many disturbances
of BDST, which indicate the presence of a low DS of acetate ester
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Scheme 1. Synthetic routes for starch derivatives.
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Fig. 2. 1H NMR  spectra o

roups attached to C-6-OH of starch. The reasonable interpretation
as that during the SN2 reaction with starch alkoxyphosphonium
alt intermediate, the acetate group was a product of the DMF  sol-
ent sometimes acting as a nucleophile instead of bromide (Fox

 Edgar, 2011). Fortunately, after azidation of BDST, these dis-
h and starch derivatives.

turbances are disappeared absolutely and characteristic peak of
C-6-N3 is observed at 2105 cm−1 in FTIR spectrum (Li, Tan, Zhang,

Gu, & Guo, 2015). As shown in Figs. 2 and 3, the peak of CH2N3
shifts to 3.77 and 51.69 ppm in 1H NMR  and 13C NMR respectively
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Zhang & Edgar, 2014), supporting regioselective and complete C-6
ubstitution of the azido moiety.

Subsequently, the click chemistry could be performed in an ele-
ant way with N-prop-2-ynylnicotinamide (I) to synthesize the
tarch derivative bearing 1,2,3-triazole and pyridine (II). The peak
t 2105 cm−1 in ADST disappears completely when the C-6-N3 in
DST is transformed to 1,2,3-triazole and a new absorption band
t about 1542.77 cm−1 appears (Fig. 1) (Tan, Li, Li et al., 2016). The
ppearance of the proton in 1,2,3-triazole at 7.49 ppm and the addi-
ional signals of the pyridyl and acylamino protons linked to the
,2,3-triazole unit at 9.13, 8.76, 8.19, and 7.84 ppm further prove
he successful CuAAC reaction. Moreover, the 1,2,3-triazole linker
s clearly observed at 124.92 and 144.72 ppm as two new peaks
n the 13C NMR  spectrum of starch derivative (II) (Tan, Li, Li et al.,
016), and other new signals for acylamino and pyridyl carbons
ppear at 165.35, 152.22, 148.90, 135.44, 130.32, and 124.92 ppm,
espectively.

1,2,3-Triazole-functionalized starch derivative (II) was used as
n important precursor for the preparation of starch derivative (III)
y reacted with iodomethane in DMSO. The 1H NMR  spectrum of
tarch derivative (III) (Fig. 2) corroborates the alkylation reaction
hrough the disappearance of the peak corresponding to the pro-
on of the 1,2,3-triazole group at a signature value of 7.49 ppm and
he appearance of new signals for the 1,2,3-triazolium proton at
.97 ppm (Sood et al., 2014). Indeed, besides significant shift for the
hemical displacement of the 1,2,3-triazolium proton compared
ith the 1,2,3-triazole proton, completion of the alkylation reaction

s also corroborated by the appearance of new signals at 4.47 ppm

or the pendant methyl group of 1,2,3-triazolium and pyridinium
Dimitrov-Raytchev, Beghdadi, Serghei, & Drockenmuller, 2013).
n addition, all signals of the pyridinium and adjacent methylene
roups are shifted towards down field compared to those ini-
h and starch derivatives.

tially neighboring the 1,2,3-triazole and pyridine groups, which
leads to the partial overlap between 1,2,3-triazolium proton and
pyridinium protons. 13C NMR  spectrum of starch derivative (III)
(Fig. 3) also corroborates the alkylation since signals correspond-
ing to 1,2,3-triazolium carbons at 140.23 and 128.30 ppm and the
methyl group at 33.20 ppm are observed together with the total dis-
appearance of the 1,2,3-triazole carbon signals initially located at
144.72 and 124.92 ppm (Abdelhedi-Miladi et al., 2014). Most other
carbon signals are shifted after alkylation of the 1,2,3-triazole and
pyridine rings.

3.2. Morphology analysis

The crystalline nature of starch and starch derivatives is con-
firmed by X-ray diffraction (XRD) as shown in Fig. 4(A). In the XRD
of native starch, the peaks at around 2� value of 5.68◦ and 22.10◦

are characteristic of B-type pattern (Lopez-Rubio, Flanagan, Gilbert,
& Gidley, 2008; Nguyen Vu & Lumdubwong, 2016), while those
at 14.96◦, 17.08◦, 19.58◦, 23.58◦, and 26.10◦ are indicative of the
A-type pattern (Adak & Banerjee, 2016), which show that native
potato starch is a typical C-type crystalline polymorph (Ahmed,
Thomas, Taher, & Joseph, 2016). However, in starch derivatives
no sharp peaks are observed, only broad peaks at 21.38◦, 20.02◦,
21.50◦, and 23.64◦ are obtained which indicates that chemical mod-
ification fully transforms the starch into an amorphous material
due to the rupture of intra and intermolecular hydrogen bonding
(Li et al., 2017). Moreover, the morphology change of starch and
starch derivatives is analyzed by scanning electron micrographs

(SEM) as shown in Fig. 4(B). The native starch granules have large
oval shapes of varying sizes with a smooth but not compact surface.
Similar results for starch were earlier reported (Ahmed, Thomas,
Taher, & Joseph, 2016). Compared to native starch, the surface of
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F atives (a) starch, (b) BDST, (c) ADST, (d) starch derivative (II), (e) starch derivative (III).
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ig. 4. (A) X-ray diffraction patterns and (B) SEM images of starch and starch deriv

tarch derivatives is found to be altered to a greater extent and
as no granular appearance. The intact granules are predominantly
isrupted and are fused together forming the rough masses. It
as speculated that chemical modification significantly reduced

nter-molecular hydrogen bonding of starch backbone and radically
hanged the granular structure (Adak & Banerjee, 2016).

.3. Antifungal activity of starch derivatives (II) and (III)

The capabilities of starch and starch derivatives (II) and (III)
o inhibit the growth of the tested three plant-threatening fungi,
ncluding C. lagenarium,  W.  fusarium, and P. asparagi, are shown
n Fig. 5–7, respectively. The growth-inhibiting effect is quantita-
ively determined by the ratio of diameter of the growth zones in
he medium with starch and starch derivatives (II) and (III) to those
ith the deionized water instead of starch derivatives (control).

Fig. 5 shows the antifungal activity of starch and starch deriva-
ives (II) and (III) against C. lagenarium. The inhibitory indices of
ll the samples mount up with increasing concentration, and the
trongest antifungal activity is observed at 1.0 mg/mL. Compared
ith starch with the inhibitory index 4.78%, the inhibitory indices
f starch derivatives (II) and (III) are 27.07 and 97.73%, respec-
ively. Evidently, the starch derivative bearing 1,2,3-triazole and
yridine (II) show stronger antifungal activity than starch, which
uggests that 1,2,3-triazole and pyridine should be the antifun-
Fig. 5. The antifungal activity of starch and starch derivatives (II) and (III) against C.
lagenarium.

gal function groups. Moreover, the starch derivative (III) exhibits
higher inhibitory indices than that of starch derivative (II), which

suggests that stronger antifungal activity of starch derivative (III)
may  mainly benefit from the alkylation of 1,2,3-triazole and pyri-
dine and 1,2,3-triazolium and pyridinium should be the stronger
antifungal active groups than 1,2,3-triazole and pyridine. Besides,
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Fig. 6. The antifungal activity of starch and starch derivatives (II) and (III) against
W.  fusarium.
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ig. 7. The antifungal activity of starch and starch derivatives (II) and (III) against P.
sparagi.

t is worthwhile to note that the antifungal activity of starch deriva-
ive (III) against C. lagenarium is comparative to that of triadimefon.

As shown in Fig. 6, the inhibitory indices of all the compounds
nhance with the increase of the concentration. Starch deriva-
ives (II) and (III) have better ability of inhibiting the growth of

.  fusarium than pristine starch. The inhibitory indices of starch,
tarch derivatives (II) and (III) against W.  fusarium are 3.67, 23.81,
nd 74.05% at 1.0 mg/mL, respectively. The results further con-
rm that 1,2,3-triazole and pyridine grafted into the synthesized
tarch derivatives contribute a lot to the antifungal action and con-
equently increase the antifungal activity. Meanwhile, compared
ith starch derivative (II), significantly stronger antifungal activ-

ty of starch derivative (III) should be ascribed to the alkylation of
,2,3-triazole and pyridine. However, starch derivative (III) exhibits
eaker antifungal property than triadimefon against W.  fusarium.

The antifungal test results reveal that all the samples show
ntifungal activity against P. asparagi, and the antifungal activ-
ty of starch derivatives is concentration-dependent. Especially,
tarch derivative (III) possesses a most powerful antifungal activ-
ty. The inhibitory indices of starch and starch derivatives (II) and
III) against P. asparagi are 6.10, 22.45, and 67.61% at 1.0 mg/mL,
espectively. It is obvious that starch derivative (II) shows much
etter antifungal activity than starch due to the introduction of

unctional groups − 1,2,3-triazole and pyridine groups. Besides,
he results further reconfirm that the significant contribution of
,2,3-triazolium and pyridinium groups to antifungal activity of the
ynthesized starch derivatives.
mers 157 (2017) 236–243

Based on the results mentioned above, starch derivative (II)
presented evidently enhanced antifungal activity against three
fungi at the tested concentrations compared with starch. The
antifungal activity exhibited by the synthesized starch derivative
(II) was due to 1,2,3-triazole and pyridine groups. Liking other
nitrogen-containing aromatic heterocycles, 1,2,3-triazole and pyri-
dine groups were stable to metabolic degradation and capable of
forming hydrogen bonds to effectively bind to biomolecular targets,
so that they could inhibit synthesis of the cell membrane and cell
wall to exhibit antimicrobial activity (Tan, Li, Wang et al., 2016).
Moreover, the starch derivative (III) exhibited higher inhibitory
indices than that of starch derivative (II). The significant antifungal
property should be ascribed to the alkylation of 1,2,3-triazole and
pyridine moieties. As kinds of important quaternary ammonium
salts, 1,2,3-triazolium and pyridinium groups possessed all the
advantages of quaternary ammonium salts, such as strong antimi-
crobial activity (Guo et al., 2007a). The disruptive effect of them
on the microorganism was  probably based on the adsorption of
the amphiphile molecules on the outer cellular membranes (Chang,
Yang, & Liang, 2010). The positively charged moiety of the cationic
molecules interacted with the negative charged components on
fungal cell walls or cytomembranes, such as glucan, mannan, pro-
teins, and lipids (Guo et al., 2007b). Once this electrostatic contact
was accomplished by the hydrophilic region, the hydrophobic
region proceeded to penetrate the hydrophobic bilayer to cause cell
leakage and lysis (Anthierens, Billiet, Devlieghere, & Du Prez, 2012;
Sajomsang, Gonil, & Tantayanon, 2009). This cascade could lead to
the release of K+ and cytoplasmic components, and finally caused
the death of the cells (Fan et al., 2015). And the adhesion between
biomolecular targets and pharmaceutical molecules generated by
electrostatic and hydrophobic interactions might be much stronger
than that produced by hydrogen bond interaction, which caused
the higher inhibitory indices of starch derivative bearing 1,2,3-
triazolium and pyridinium (III) compared with starch derivative
bearing 1,2,3-triazole and pyridine (II).

4. Conclusion

In summary, we  have recently proposed a straightforward syn-
thetic route to novel starch derivative possessing 1,2,3-triazolium
and pyridinium charged units by associating CuAAC step with
efficient alkylation of 1,2,3-triazole and pyridine. The antifungal
activity against three kinds of plant threatening fungi was esti-
mated by hypha measurement in vitro. The synthesized starch
derivative bearing 1,2,3-triazolium and pyridinium showed more
significant antifungal activity than starch derivative with 1,2,3-
triazole and pyridine and starch. The results indicated that
1,2,3-triazolium and pyridinium groups should be excellent anti-
fungal function groups. The mechanism of the obtained antifungal
activity was  also discussed. The positive charged moiety of the
cationic molecules could directly interfere with the fungal cell sur-
face to change the permeability of the plasma membrane, thereby
inhibiting the growth of plant-threatening fungi. These electro-
static and hydrophobic interactions might exhibit greater impact
on antifungal activity than the hydrogen bond interaction. And
the product described in this paper might serve as a new leading
structure for further design of antifungal agents.

Acknowledgements
We thank the National Natural Science Foundation of China
(41576156), Shandong Province Science and Technology Devel-
opment Plan (2015GSF121045), Yantai Science and Technology
Development Plan (2015ZH078), and Technology Research Funds



e Poly

P
w

A

t
0

R

A

A

A

A

A

C

D

F

F

F

F

G

G

G

G

J

J

K

K

L

L

L

84–92.
Zhang, H.-Z., Wei, J.-J., Vijaya Kumar, K., Rasheed, S., & Zhou, C.-H. (2014). Synthesis
W.  Tan et al. / Carbohydrat

rojects of Ocean (No. 201505022-3) for financial support of this
ork.

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at http://dx.doi.org/10.1016/j.carbpol.2016.09.
93.

eferences

bdelhedi-Miladi, I., Obadia, M.  M.,  Allaoua, I., Serghei, A., Romdhane, H. B., &
Drockenmuller, E. (2014). 1,2,3-Triazolium-based poly(ionic liquid)s obtained
through click chemistry polyaddition. Macromolecular Chemistry and Physics,
215(22), 2229–2236.

dak, S., & Banerjee, R. (2016). A green approach for starch modification:
Esterification by lipase and novel imidazolium surfactant. Carbohydrate
Polymers, 150, 359–368.

hmed, J., Thomas, L., Taher, A., & Joseph, A. (2016). Impact of high pressure
treatment on functional, rheological, pasting: and structural properties of
lentil starch dispersions. Carbohydrate Polymers, 152, 639–647.

izpurua, J. M.,  Fratila, R. M.,  Monasterio, Z., Pérez-Esnaola, N., Andreieff, E.,
Irastorza, A., et al. (2014). Triazolium cations: From the click pool to
multipurpose applications. New Journal of Chemistry,  38(2), 474–480.

nthierens, T., Billiet, L., Devlieghere, F., & Du Prez, F. (2012). Poly(butylene
adipate) functionalized with quaternary phosphonium groups as potential
antimicrobial packaging material. Innovative Food Science & Emerging
Technologies,  15,  81–85.

hang, H.-I., Yang, M.-S., & Liang, M.  (2010). The synthesis, characterization and
antibacterial activity of quaternized poly(2,6-dimethyl-1,4-phenylene oxide)s
modified with ammonium and phosphonium salts. Reactive and Functional
Polymers,  70(12), 944–950.

imitrov-Raytchev, P., Beghdadi, S., Serghei, A., & Drockenmuller, E. (2013).
Main-chain 1,2,3-triazolium-based poly(ionic liquid)s issued from AB + AB
click chemistry polyaddition. Journal of Polymer Science Part A: Polymer
Chemistry,  51(1), 34–38.

an, L., Yang, J., Wu,  H., Hu, Z., Yi, J., Tong, J., et al. (2015). Preparation and
characterization of quaternary ammonium chitosan hydrogel with significant
antibacterial activity. International Journal of Biological Macromolecules, 79,
830–836.

an, X., Zhang, S., Lin, L., Zhao, L., Liu, A., & Wei, C. (2016). Properties of new
starches from tubers of Arisaema elephas: Yunnanense and erubescens. Food
Hydrocolloids,  61,  183–190.

ox, S. C., & Edgar, K. J. (2011). Synthesis of regioselectively brominated cellulose
esters and 6-cyano-6-deoxycellulose esters. Cellulose, 18(5), 1305–1314.

ox, S. C., & Edgar, K. J. (2012). Staudinger reduction chemistry of cellulose:
Synthesis of selectively O-acylated 6-amino-6-deoxy-cellulose.
Biomacromolecules, 13(4), 992–1001.

arudachari, B., Isloor, A. M.,  Satyanarayana, M.  N., Fun, H. K., & Hegde, G. (2014).
Click chemistry approach: Regioselective one-pot synthesis of some new
8-trifluoromethylquinoline based 1,2,3-triazoles as potent antimicrobial
agents. European Journal of Medicinal Chemistry,  74,  324–332.

uo, Z., Xing, R., Liu, S., Zhong, Z., Ji, X., Wang, L., et al. (2007a). Antifungal
properties of Schiff bases of chitosan, N-substituted chitosan and quaternized
chitosan. Carbohydrate Research, 342(10), 1329–1332.

uo, Z., Xing, R., Liu, S., Zhong, Z., Ji, X., Wang, L., et al. (2007b). The influence of the
cationic of quaternized chitosan on antifungal activity. International Journal of
Food Microbiology, 118(2), 214–217.

uo, Z., Li, Q., Wang, G., Dong, F., Zhou, H., & Zhang, J. (2014). Synthesis,
characterization: and antifungal activity of novel inulin derivatives with
chlorinated benzene. Carbohydrate Polymers, 99,  469–473.

ha, A. K., & Jain, N. (2013). Synthesis of glucose-tagged triazolium ionic liquids and
their  application as solvent and ligand for copper(I) catalyzed amination.
Tetrahedron Letters, 54(35), 4738–4741.

ia, R., Duan, Y., Fang, Q., Wang, X., & Huang, J. (2016). Pyridine-grafted chitosan
derivative as an antifungal agent. Food Chemistry,  196, 381–387.

umar, A., Ahmad, I., Chhikara, B. S., Tiwari, R., Mandal, D., & Parang, K. (2011).
Synthesis of 3-phenylpyrazolopyrimidine-1,2,3-triazole conjugates and
evaluation of their Src kinase inhibitory and anticancer activities. Bioorganic &
Medicinal Chemistry Letters, 21(5), 1342–1346.

umar, S., Verma, S., & Jain, S. L. (2015). Base-free direct formylation of aromatic
iodides using CO2 as C1 source catalyzed by palladium nanoparticles grafted
onto amino-functionalized nanostarch. Tetrahedron Letters,  56(19), 2430–2433.

i, Q., Tan, W.,  Zhang, C., Gu, G., & Guo, Z. (2015). Novel triazolyl-functionalized
chitosan derivatives with different chain lengths of aliphatic alcohol
substituent: Design, synthesis, and antifungal activity. Carbohydrate Research,
418,  44–49.

i, W.,  Gao, J., Wu,  G., Zheng, J., Ouyang, S., Luo, Q., et al. (2016). Physicochemical

and structural properties of A- and B-starch isolated from normal and waxy
wheat: Effects of lipids removal. Food Hydrocolloids, 60,  364–373.

i, N., Niu, M.,  Zhang, B., Zhao, S., Xiong, S., & Xie, F. (2017). Effects of concurrent
ball milling and octenyl succinylation on structure and physicochemical
properties of starch. Carbohydrate Polymers, 155, 109–116.
mers 157 (2017) 236–243 243

Liu, L., He, S., Zhang, S., Zhang, M.,  Guiver, M.  D., & Li, N. (2016).
1,2,3-Triazolium-based poly(2,6-dimethyl phenylene oxide) copolymers as
anion exchange membranes. ACS Applied Materials & Interfaces, 8(7),
4651–4660.

Lopez-Rubio, A., Flanagan, B. M., Gilbert, E. P., & Gidley, M.  J. (2008). A novel
approach for calculating starch crystallinity and its correlation with double
helix content: A combined XRD and NMR  study. Biopolymers, 89(9), 761–768.

Mudraboyina, B. P., Obadia, M.  M.,  Abdelhedi-Miladi, I., Allaoua, I., &
Drockenmuller, E. (2015). Versatile click functionalization of
poly(1,2,3-triazolium ionic liquid)s. European Polymer Journal, 62,  331–337.

Nep, E. I., Ngwuluka, N. C., Kemas, C. U., & Ochekpe, N. A. (2016). Rheological and
structural properties of modified starches from the young shoots of Borassus
aethiopium. Food Hydrocolloids, 60, 265–270.

Nguyen Vu, H. P., & Lumdubwong, N. (2016). Starch behaviors and mechanical
properties of starch blend films with different plasticizers. Carbohydrate
Polymers,  154, 112–120.

Obadia, M.  M.,  Mudraboyina, B. P., Allaoua, I., Haddane, A., Montarnal, D., Serghei,
A., et al. (2014). Accelerated solvent- and catalyst-free synthesis of
1,2,3-triazolium-based poly(ionic liquid)s. Macromolecular Rapid
Communications,  35(8), 794–800.

Obadia, M.  M.,  Crépet, A., Serghei, A., Montarnal, D., & Drockenmuller, E. (2015).
Expanding the structural variety of poly(1,2,3-triazolium)s obtained by
simultaneous 1,3-dipolar Huisgen polyaddition and N-alkylation. Polymer, 79,
309–315.

Ohmatsu, K., Hamajima, Y., & Ooi, T. (2012). Catalytic asymmetric ring openings of
meso and terminal aziridines with halides mediated by chiral 1,2,3-triazolium
silicates. Journal of the American Chemical Society,  134(21), 8794–8797.

Pereira, G. R., Brandao, G. C., Arantes, L. M.,  de Oliveira, H. A., Jr., de Paula, R. C., do
Nascimento, M.  F., et al. (2014). 7-Chloroquinolinotriazoles: Synthesis by the
azide-alkyne cycloaddition click chemistry, antimalarial activity, cytotoxicity
and  SAR studies. European Journal Of Medicinal Chemistry,  73,  295–309.

Pribut, N., Veale, C. G., Basson, A. E., van Otterlo, W.  A., & Pelly, S. C. (2016).
Application of the Huisgen cycloaddition and ‘click’ reaction toward various
1,2,3-triazoles as HIV non-nucleoside reverse transcriptase inhibitors.
Bioorganic & Medicinal Chemistry Letters,

Sajomsang, W.,  Gonil, P., & Tantayanon, S. (2009). Antibacterial activity of
quaternary ammonium chitosan containing mono or disaccharide moieties:
Preparation and characterization. International Journal of Biological
Macromolecules,  44(5), 419–427.

Shi, M., & Gao, Q. (2016). Recrystallization and in vitro digestibility of wrinkled pea
starch gel by temperature cycling. Food Hydrocolloids,  61,  712–719.

Singh, G., Arora, A., Mangat, S. S., Singh, J., Chaudhary, S., Kaur, N., et al. (2015).
Synthesis and characterization of modified Schiff base silatranes (MSBS) via
‘Click Silylation’. Journal of Molecular Structure, 1079, 173–181.

Sood, R., Obadia, M.  M.,  Mudraboyina, B. P., Zhang, B., Serghei, A., Bernard, J., et al.
(2014). 1,2,3-Triazolium-based poly(acrylate ionic liquid)s. Polymer, 55(16),
3314–3319.

Sukhija, S., Singh, S., & Riar, C. S. (2016). Physicochemical, crystalline,
morphological: Pasting and thermal properties of modified lotus rhizome
(Nelumbo nucifera) starch. Food Hydrocolloids,  60,  50–58.

Tan, W.,  Li, Q., Li, W.,  Dong, F., & Guo, Z. (2016). Synthesis and antioxidant property
of  novel 1,2,3-triazole-linked starch derivatives via ‘click chemistry’.
International Journal of Biological Macromolecules, 82,  404–410.

Tan, W.,  Li, Q., Wang, H., Liu, Y., Zhang, J., Dong, F., et al. (2016). Synthesis,
characterization, and antibacterial property of novel starch derivatives with
1,2,3-triazole. Carbohydrate Polymers, 142, 1–7.

Ubeyitogullari, A., & Ciftci, O. N. (2016). Formation of nanoporous aerogels from
wheat starch. Carbohydrate Polymers, 147, 125–132.

Verma, S., Jain, S. L., & Sain, B. (2011a). An efficient biomaterial supported
bifunctional organocatalyst (ES-SO3- C5H5NH+) for the synthesis of
beta-amino carbonyls. Organic & Biomolecular Chemistry, 9(7), 2314–2318.

Verma, S., Jain, S. L., & Sain, B. (2011b). Starch immobilized ruthenium trichloride
catalyzed oxidative cyanation of tertiary amines with hydrogen peroxide.
ChemCatChem,  3(8), 1329–1332.

Verma, S., Le Bras, J., Jain, S. L., & Muzart, J. (2013a). Nanocrystalline starch grafted
palladium(II) complex for the Mizoroki-Heck reaction. Dalton Transactions,
42(40), 14454–14459.

Verma, S., Le Bras, J., Jain, S. L., & Muzart, J. (2013b). Thiol-yne click on nano-starch:
An expedient approach for grafting of oxo-vanadium Schiff base catalyst and
its  use in the oxidation of alcohols. Applied Catalysis A: General, 468, 334–340.

Verma, S., Tripathi, D., Gupta, P., Singh, R., Bahuguna, G.  M., Shivakumar, K. L., et al.
(2013). Highly dispersed palladium nanoparticles grafted onto nanocrystalline
starch for the oxidation of alcohols using molecular oxygen as an oxidant.
Dalton Transactions, 42(32), 11522–11527.

Zhang, R., & Edgar, K. J. (2014). Synthesis of curdlan derivatives regioselectively
modified at C-6: O-(N)-Acylated 6-amino-6-deoxycurdlan. Carbohydrate
Polymers,  105, 161–168.

Zhang, R., & Edgar, K. J. (2015). Water-soluble aminocurdlan derivatives by
chemoselective azide reduction using NaBH4. Carbohydrate Polymers, 122,
and  biological evaluation of novel d-glucose-derived 1,2,3-triazoles as
potential antibacterial and antifungal agents. Medicinal Chemistry Research,
24(1), 182–196.

http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://dx.doi.org/10.1016/j.carbpol.2016.09.093
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0005
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0010
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0015
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0020
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0025
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0030
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0035
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0040
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0045
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0050
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0055
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0060
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0065
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0070
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0075
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0080
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0085
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0090
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0095
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0100
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0105
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0110
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0115
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0120
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0125
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0130
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0135
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0140
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0145
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0150
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0155
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0160
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0165
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0170
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0175
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0180
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0185
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0190
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0195
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0200
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0205
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0210
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0215
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0220
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0225
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0230
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0235
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240
http://refhub.elsevier.com/S0144-8617(16)31159-6/sbref0240

	Design, synthesis of novel starch derivative bearing 1,2,3-triazolium and pyridinium and evaluation of its antifungal acti...
	1 Introduction
	2 Experimental
	2.1 Materials
	2.2 Analytical methods
	2.3 The synthesis of the starch derivatives
	2.3.1 Synthesis of N-prop-2-ynylnicotinamide (I)
	2.3.2 The dissolution of starch
	2.3.3 Synthesis of 6-bromo-6-deoxy starch (BDST)
	2.3.4 Synthesis of 6-azido-6-deoxy starch (ADST)
	2.3.5 Synthesis of starch derivative bearing 1,2,3-triazole and pyridine (II)
	2.3.6 Synthesis of starch derivative bearing 1,2,3-triazolium and pyridinium (III)

	2.4 Antifungal assay
	2.5 Statistical analysis

	3 Results and discussion
	3.1 Chemical synthesis and characterization
	3.2 Morphology analysis
	3.3 Antifungal activity of starch derivatives (II) and (III)

	4 Conclusion
	Acknowledgements
	Appendix A Supplementary data
	References


