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To reduce the cost of obtaining bacterial cellulose, acidic by-products of the alcohol and

dairy industries were used without any pretreatment or addition of other nitrogen sources.

Studies have shown that the greatest accumulation of bacterial cellulose (6.19 g/L) occurs

on  wheat thin stillage for 3 days of cultivation under dynamic conditions, which is almost

3  times higher than on standard Hestrin and Schramm medium (2.14 g/L). The use of whey

as  a nutrient medium makes it possible to obtain 5.45 g/L bacterial cellulose under similar

conditions of cultivation. It is established that the pH of the medium during the growth of

Gluconacetobacter sucrofermentans B-11267 depends on the feedstock used and its initial value.

By  culturing the bacterium on thin stillage and whey, there is a decrease in the acidity of

the  waste. It is shown that the infrared spectra of bacterial cellulose obtained in a variety of

environments have a similar character, but we found differences in the micromorphology

and  crystallinity of the resulting biopolymer.
© 2018 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

used extensively in many  fields, including biomedical materi-
als, drug delivery, tissue engineering, food industry, acoustic
ntroduction

acterial cellulose (BC) attracts extensive attention due to its
nique properties, such as its high degree of polymerization,

igh purity, good biocompatibility, biodegradability, high
rystallinity and excellent mechanical properties.1–5 Its fiber
as a high aspect ratio, with a fiber diameter of 20–100 nm.6
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As a result, it has a very high surface area per mass unit. This
property of BC, in addition to its highly hydrophilic nature,
results in very high liquid loading capacity. Therefore, BC is
, Faculty of Biotechnology and Biology, Department of Biotechnol-

diaphragm, functional paper, optical displays, nanostructured
biomaterials and biocomposites.7–16
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Despite all the advantages of BC over polymers of plant
origin, its production is a relatively expensive process, due
primarily to the low productivity of known strains and the
use of expensive culture media. During BC production, the
culture medium represents approximately 30% of the total
cost.7 Therefore, one important and challenging aspect of the
fermentation process is identification of a new cost-effective
culture medium that can facilitate the production of high
yields within short periods of time.

Traditionally, glucose, fructose and glycerol were preferen-
tial carbon sources for cellulose production.17,18 To reduce the
cost of BC biosynthesis, many  researchers now suggest the
use of the following media that include various waste prod-
ucts: wheat straw,19 spruce hydrolysate,20 wood hot water
extracts,21 pineapple agroindustrial residues,22 fruit juices,23

rotten fruit,24 cotton-based waste textiles,25 molasses,26

waste from the dairy industry,24,27,28 wine fermentation
waste broth,29–31 waste water of candied jujube-processing
industry,32 waste and by-product streams from biodiesel and
confectionery industries33 and acetone-butanol-ethanol fer-
mentation wastewater.34

Thin stillage (TS) is a liquid byproduct that remains after
microbial ethanol fermentation of carbohydrates by yeast and
subsequent distillation of the fermented mash. TS contains
salts, carbohydrates, proteins, and organic compounds. Wheat
thin stillage (W-TS) is a by-product of ethanol production
generated in large amounts in Russia. W-TS is rich in car-
bon sources such as glycerol, maltose and organic acids. It
contains such sources of nitrogen nutrition as betaine and
glycerophosphocholine,31 but its high acidity (pH 3.76–3.97)31

and high biological oxygen demand (up to 70 g/L) make TS a
disadvantage to distillery industries.

Researchers are currently studying the possibility of using
stillage to increase the yield of BC in static conditions.29,30 Rice
thin stillage (R-TS) – a wastewater from rice wine distillery
that is rich in organic acids – was used to supplement the tra-
ditional HS medium for BC production. In the 50/50 R-TS – HS
medium, a BC concentration of 6.26 g/L could be obtained after
7 days of static cultivation.30

Whey  is a by-product of the manufacture of cheese
or curd. It contains a large quantity of nutritionally rich
components.35 BC formation on whey was also studied under
static conditions.24,27,28 Carreira observed a low level of BC pro-
duction (0.08 g/L) on cheese whey.27 A low-cost medium based
on the agricultural by-product soya bean whey was prepared
and optimized for biocellulose production by Komagataeibacter
sp. PAP1.28 According to their results, the optimal conditions
for BC production were as follows: pH of 6.21 and ethanol con-
centration 1.61% (v/v). A maximum BC production of 4.10 g/L
was obtained on the seventh day of cultivation under static
conditions.

Data for the study of BC production on thin stillage and
whey  without treatment and additional power sources in
dynamic conditions are not available. The literature on the
cultivation of strains of the species G. sucrofermentans on these
wastes is also limited.
The aim of this study, therefore, was to investigate the
production of bacterial cellulose by the strain Gluconaceto-
bacter sucrofermentans B-11267 in agitated culture conditions
using highly acidic by-products of the alcohol and dairy
 i o l o g y 4 9 S (2 0 1 8) 151–159

industries without any pretreatment or addition of other
nitrogen sources.

Materials  and  methods

Bacterial  strain  and  culture  conditions

The bacterial culture of G. sucrofermentans B-11267 used in
this study was isolated from Kombucha tea. 1 mL  of the sus-
pension was withdrawn from the tea and added to a test
tube with 9 mL  of 0.9% sodium chloride (w/v). Serial dilu-
tions from 100 to 10−6 were prepared using sterilized saline
solution. An aliquot of 0.1 mL  of each dilution was spread
plated onto agar containing glucose (100 g/L), yeast extract
(10 g/L), calcium carbonate (20 g/L), and agar (15 g/L). The plates
were incubated at 28 ◦C for 72 h. The colonies with a clear
zone around were selected and transferred to tube contain-
ing 10 mL  of Hestrin and Schramm (HS) medium. A cellulose
positive strain was one that produced cellulose on the liquid
medium.

For a more  accurate identification of the isolated strain,
base sequences were analyzed using the 16S rRNA complete
sequencing method and their similarities were examined. 16S
rRNA fragment was amplified by PCR from genomic DNA using
16S rRNA universal primers. The sequencing of amplified 16s
rDNA fragments were performed in Research Institute for
Genetics and Selection of Industrial Microorganisms (Moscow,
Russia). A strain was deposited in the Russian National Col-
lection of Industrial Microorganisms (VKPM) (Accession No.
VKPM: B-11267).

For BC production, the following media were used: Hes-
trin and Schramm medium (HS) (g/L): glucose (20), peptone
(5), yeast extract (5), citric acid (1.15), and disodium hydrogen
phosphate (2.7), pH 6.0; cheese whey without pH adjustment,
pH 4.96; thin stillage (TS) without pH adjustment, pH 3.95; TS
with pH adjustment to pH 5.0 and pH 6.0. All culture media
were autoclaved for 20 min  at 120 ◦C.

The media were inoculated with 10% (v/v) inoculum. To
prepare the inoculum, G. sucrofermentans B-11267 from an agar
plate was transferred aseptically into a 250 mL  Erlenmeyer
flask containing 100 mL  of culture medium and incubated
on a shaker incubator (Model ES-20/60, BIOSAN, Latvia) at
28 ◦C for 24 h at 250 rpm. BC was produced in 250 mL Erlen-
meyer flasks containing 100 mL  of culture medium on a shaker
incubator at 28 ◦C for 3 days at 250 rpm. The experiments
were conducted in triplicate, and the average of the results is
reported.

Purification  of  bacterial  cellulose  and  analysis  of  BC  yield

After incubation, BC was collected, washed thoroughly with
distilled water to remove medium components, and treated
with 1% sodium hydroxide (w/v) solution at 80 ◦C for 1 h to
eliminate bacterial cells. Further, BC was rinsed extensively
with 6% acetic acid (v/v) and then with distilled water until

the pH of the water became neutral. The purified BC was
dried to constant weight at 105 ◦C. BC production has been
reported as gram dry weight of cellulose per liter of the
medium (g/L).
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Fig. 1 – BC production by G. sucrofermentans B-11267 in
agitated culture conditions using HS medium (HS), thin
b r a z i l i a n j o u r n a l o f m i c r

FM  micrographs  of  BC

he surface morphologies of BC were studied by contact
tomic force microscopy (AFM) using an SPM 9600 (Shimadzu,
apan). BC samples were air dried on a glass slide in the form
f a thin film. A silicon nitride cantilever with nominal radius
f pyramidal tip 2 nm was used. Scan rates ranged from 0.6 to
.0 Hz/s. Image  resolution 256 × 256 points were set.

PLC

he amounts of sugars and monocarboxylic acids were quan-
ified by high-performance liquid chromatography (HPLC)
uring cultivation of G. sucrofermentans B-11267 in thin stil-

age (TS) and whey. The control was the initial concentration
f sugars and monocarboxylic acids in the media. Prior to
PLC analysis, all samples and standards were mixed with
cetonitrile (ACN) (3:1, v/v), then placed into sealed tubes
nd centrifuged at 13,000 × g for 5 min. Monosaccharides and
onocarboxylic acids were analyzed on Shimadzu LC-20A

rominence with refractometric detection using RID10A and
 computer controller. The SUPELCOSILTM LC-NH2 HPLC col-
mn  (4.6 × 150 mm)  was used, and the mobile phase was ACN:
H2O (distilled water) (3:1, v/v) with a flow rate of 0.5 mL/min.
he injection volume was 20 �L, and the column temperature
as 40 ◦C.

TIR  spectra  of  BC

C was freeze-dried and crushed into powder form, mixed
ith potassium bromide, and pressed into a small tablet

hat was subjected to Fourier transform infrared (FT-IR) spec-
roscopy using a Fourier transform infrared spectrometry
FT-IR) IRPrestige-21 (Shimadzu, Japan) in absorption mode.
or each sample, 32 scans at a 4 cm−1 resolution at wave  num-
ers ranging from 4000 to 400 cm−1 were collected.

-ray  diffraction

-ray diffraction (XRD) measurement was carried out to ana-
yze the change in crystallinity of the produced BC by an
-ray diffractometer Empyrean (PANalytical, Netherlands) in

he filtered radiation of the copper anode (� = 0.15418 nm,  40 kV
 30 mA)  within an angular range (2�) from 10 to 60◦. Two-
oordinate detector Pixcel 3D working in the mode of linear
canning (255 pixels on a strip) with the resolution of 0.013
egree/strip was also used. The samples were freeze-dried
sing FreeZone Freeze Dry System (Labconco, USA). The crys-
allinity index (CrI) was calculated from the ratio of the height
f the 002 peak (I002, 2� = 22.5◦) and the height of minimum

Iam) between the 002 and the 110 peaks (Iam, 2� = 18◦) (Eq. (1)).

rI (%) =
[

I002 − Iam

I002

]
× 100 (1)

tatistical  analysis
ll presented data are averages of at least three runs of
xperiments, performed with three to six replicates of the
ean. Standard deviations of the mean were calculated using
stillage (TS) and whey.

Microsoft Excel 2013 (Microsoft Corporation, Redmond, USA).
The obtained data were statistically analyzed by Student t-
test: two-sample assuming equal variances. The differences
were considered significant at the level of p < 0.05.

Results

Production  of  bacterial  cellulose

BC production by G. sucrofermentans B-11267 was investigated
in agitated culture using thin stillage (TS) and whey  without
any pretreatment or addition of nutrient sources to reduce the
manufacturing costs. HS medium was used for comparison.

As shown in Fig. 1, the maximum BC yield (6.19 ± 0.12 g/L)
was obtained after 3 days of cultivation on TS. This value was
approximately 3 times higher than the yield on HS medium
(2.14 ± 0.02 g/L). In the whey medium, a BC concentration of
5.45 ± 0.09 g/L could be obtained after 3 days of cultivation. The
maximum rate of product formation on the waste occurs on
the first day of growth of the bacterium.

For a deeper understanding of the growth of G. sucrofermen-
tans B-11267 and BC production on the thin stillage and whey,
we investigated the consumption of the primary sources of
carbon that are part of these environments.

To detect the consumption of organic acids and sugars dur-
ing cultivation of G. sucrofermentans B-11267 in TS and whey,
HPLC analysis of samples was performed (Fig. 2A).

According to the data obtained after three days of bac-
terium cultivation in TS medium, there was intake of pentoses
from 1.3 ± 0.15 mg/mL  to 0.15 ± 0.11 mg/mL, hexoses from
0.6 ± 0.13 mg/mL to 0.15 ± 0.10 mg/mL, and dextrins from
0.84 ± 0.12 mg/mL  to 0.4 ± 0.10 mg/mL. There was also a steady
decrease in the concentration of monocarboxylic acids in cul-
ture from 1.55 ± 0.15 mg/mL  to 0.11 ± 0.10 mg/mL. Therefore,
within three days of cultivation of G. sucrofermentans B-11267
on the TS, almost full consumption of sugars and organic acids
occurred.

We also investigated the consumption of sugars and
organic acids in the process of cultivation of the bacterium
on whey (Fig. 2B and C).

According to the presented data, the amount of lactose
decreased from 42.12 ± 1.91 mg/mL  to 22.4 ± 1.33 mg/mL dur-

ing the first day of cultivation. Between one and three days,
its concentration was almost stable. In addition, there was
a decrease in the concentration of hexoses with increasing
cultivation time of the bacterium. According to the presented
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Fig. 4 – BC production by G. sucrofermentans B-11267 at

100–180 nm form on whey. The width of BC microfibrils formed
data, after three days of bacterium cultivation, the amount of
glucose decreased from 3.2 ± 0.29 mg/mL  to 0.3 ± 0.03 mg/mL.
Due to the presence of large amounts of available carbohy-
drates, the consumption of organic acids occurred to a lesser
extent than in the previous example with stillage. During the
first day of cultivation, their concentration decreased from
2.21 ± 0.17 mg/mL  to 1.51 ± 0.13 mg/mL. The concentration of
monocarboxylic acids was almost the same at a later stage.

As biochemical reactions that occur in a culture medium
are associated to a large extent with pH, we also studied the
dynamics of changes in the acidity of the medium during the
cultivation of G. sucrofermentans B-11267.

After 2 days of cultivating the bacterium on TS and whey,
a pH increase was observed – from 3.95 ± 0.02 to 6.45 ± 0.01
and from 4.96 ± 0.02 to 8.02 ± 0.03, respectively (Fig. 3), which is
most likely due to the consumption of organic acids of stillage

and whey.  The glucose culture (HS medium) gave the lowest
pH of 4.0 on the 2nd day of cultivation, as the glucose dehydro-
genase (GDH) of Gluconacetobacter could convert the glucose of
different initial pH of the culture medium with thin stillage.

the HS medium into gluconic acid, which also resulted in pH
decrease.36

The effect of initial pH of the culture medium with thin stil-
lage on cellulose production was investigated. When culturing
the bacterium G. sucrofermentans B-11267 on TS, the highest BC
production of 6.19 g/L was observed at initial pH 3.95 (Fig. 4).

Structure  of  bacterial  cellulose

It is known that the composition of the nutrient medium
impacts not only performance but also the structure of
cellulose.37

This paper shows that in the process of cultivating bac-
terium in dynamic conditions, agglomerates of cellulose with
different shapes and sizes are formed (Fig. 5). It is found that
the TS and whey, compared to standard HS medium, yield finer
and homogeneous structures.

To study the microscopic details of the polymer, atomic
force microscopy (AFM) was used. AFM imaging shows the
biopolymer micro-morphology, topography and microscopic
details of its surface. The outer part of the agglomerates was
analyzed. The samples obtained in TS, whey and the classic
environment HS were compared (Fig. 6).

The morphology of BC samples from G. sucrofermentans
B-11267 displayed nano-scale network structure (Fig. 6). BC
generated in fermentation using wastewater had a more com-
pact structure. There are also differences in the width of
the microfibrils (Table 1). Narrow microfibrils of 40–70 nm
are formed on the TS, while more  widely microfibrils of
on standard HS medium averaged 60–90 nm.
The morphological changes in BC can influence various

properties and microstructures such as crystallinity. In order
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Fig. 5 – BC produced by G. sucrofermentans B-11267 in agitated culture conditions using HS medium (A), whey (B) and thin
stillage (C).
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Table 1 – Width of cellulose microfibrils by AFM and
crystallinity by X-ray diffraction.

Medium Width (nm) Crystallinity (%)

HS 60–90 79.7
TS 40–70 82.3
Whey 100–180 50.2

glucose, galactose, lactulose, and arabinose, are present in
to evaluate the crystalline structure and the change in crys-
tallinity of BC produced from different culture media, X-ray
diffraction was used and the X-ray patterns of BC are exhib-
ited in Fig. 7. The obtained X-ray patterns show cellulose with
the same chemical structure but with different crystallinity
degrees (Table 1).

The diffraction diagrams of BC produced by all BC samples
showed three main peaks at 2� 14.4◦, 16.8◦ and 22.5◦ (Fig. 7),
corresponding to the crystallographic planes of (100), (010) and
(110), respectively.38 The intensity of the 100 reflection is larger
than that of the 010 one when the film is parallel to the X-ray
beam and the effect is reversed in the perpendicular orienta-
tion. This reveals a strong uniplanarity that is due to the fact
that the cellulose ribbons are preferentially oriented parallel
to the film surface during drying.38

The crystallinity index values of BC from TS medium
(82.3%) were slightly higher than that of BC from HS medium
(79.7%), which is similar to that reported in a previous
study for BC obtained through the same process.30 The crys-
tallinity index of BC was reduced (50.2%) when grown in
whey.

To study the chemical structure of BC, we analyzed FTIR
spectra at wavelengths ranging from 400 to 4000 cm−1. As
shown in Fig. 8, the functional groups of BC samples obtained
from fermentation using both wastewaters and HS medium
were almost the same. The characteristic bands of cellulose
(type I) appeared at 3352 and 3246 cm−1 for the stretching
vibration of hydroxyl groups (–OH), at 2897 cm−1 for the
asymmetric stretching vibration of methylene bridge (–CH2–),
at 2855 cm−1 for the symmetric stretching vibration of methyl

(–CH3), and at 1061 cm−1 for the C–O–C and C–O–H stretching
vibrations of the sugar ring.34 The signals near 3240 and
750 cm−1 were assigned to the triclinic I� allomorph, and
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Fig. 7 – XRD patterns of BC obtained from different med
 i o l o g y 4 9 S (2 0 1 8) 151–159

the signals near 3270 and 710 cm−1 were assigned to the
monoclinic I� form. Therefore, the synthesized cellulose
contained both allomorphs.

Discussion

In this study, the highest BC yield of 6.19 g/L was observed
using TS, which is almost 3 times higher than on stan-
dard HS medium (2.14 g/L). The use of whey  as a nutrient
medium makes it possible to obtain 5.45 g/L BC under similar
conditions of cultivation. Fermentation on the TS and whey
influenced the micro-morphology and crystallinity of BC but
exhibited no effect on its chemical structure.

As previously reported, BC is made of subfibrils of 1.5 nm
assembled into nanofibrils of 2–4 nm (but up 25 nm)  width
composed of 10–250 single polymeric chains and 1–9 nm
length equivalent from 2000 up 18,000–20,000 glucose units
organized into nanoribbons of 40–60 nm width.8 In this study,
the synthesized microfibrils are clearly ribbon-shaped with a
width ranging between 40 and 90 nm for HS medium and TS.
Such observations agree with the typical morphology reported
for BC.8 More widely microfibrils are formed on whey.

Furthermore, the crystallinity index of the BC from TS is
higher than that from other media. This reveals that TS can
affect the aggregation and crystallization of BC microfibrils
and increase the crystallinity index.

Stillage contains organic and inorganic compounds,
some of which may be valuable fermentation coproducts.31

Ratanapariyanuch et al. used HPLC to analyze the com-
ponents of TS.31 They found that the major compo-
nents in wheat thin stillage were dextrin (8.47–11.65 g/L),
glycerol (2.39–7.87 g/L), lactic acid (5.07–7.41 g/L), acetic
acid (0.56–2.72 g/L), succinic acid (0.63–0.93 g/L), ethanol
(0.23–1.31 g/L), maltotriose (0.14–1.10 g/L), maltose monohy-
drate (0.03–1.05 g/L), glycerophosphorylcholine (0.91–1.11 g/L)
and betaine (0.8–1.03 g/L).31

Whey  contains lactose (approximately 70% of all dry sub-
stances). In addition to lactose, other carbohydrates, such as
whey in small amounts. The high biological value of whey  is
due to proteins (mainly albumins and globulins), amino acids,
vitamins, and organic acids (lactic, citric).35

35

amgel 2θ (°)

40 45 50

TS
HS
Whey

ium: HS medium (HS), thin stillage (TS) and whey.
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Fig. 8 – FTIR spectra of BC produced from different culture media: 1 – HS medium; 2 – thin stillage; 3 – whey.
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It is known that the choice of carbon source and its
uantity is one of the main factors in influencing the BC
ormation.5,17,18

According to research literature findings, organic acids
ave a positive effect on BC biosynthesis.36 Thus, the efficiency
f its formation is enhanced when the medium contains acetic
cid, which reduces the formation of gluconic acid.37

Acetic acid is one of metabolized products in the metabolic
etwork of G. xylinus.37 It can be transformed into acetyl-CoA
nd metabolized in tricarboxylic acid (TCA) cycle to generate
TP. In addition, acetic acid can be used in the pathway of
luconeogenesis, increasing glucose availability.39

There are findings that state the positive influence of lac-
ic acid on the synthesis of the BC.40 Lactate stimulates the
rowth of cells at an early stage of culture development.40 It is
ssumed that it acts as an accelerator of the Krebs cycle, result-
ng in the increased formation of cellulose and cell growth.40

The significant effect of succinic acid on BC production
nhancement has been reported previously.29,30 In addition to
uccinic acid, other organic acids in TS such as gluconic acid,
itric acid and malic acid are also beneficial for BC production
nhancement.29,30 These organic acids are all located in the
athway of TCA cycle.

According to literature, the pH of the culture medium
s a critical factor for BC productivity.41–43 Previous studies
emonstrated that the range of pH value for BC production
as approximately 4–7 and the optimum pH for BC pro-
uction varies with the bacterium strains, but had usually
een attributed to be within a neutral to slightly acidic pH
ange.5,41,43,44

A reasonable question is therefore if similar conditions
avor BC production in the presented system. TS used in this
esearch was acidic (pH 3.95) due to the presence of organic
cids. This result was consistent with the work of Ratana-
ariyanuch et al., who  reported that the range of pH of W-TS
as 3.76–3.97.31

When using TS, the maximum BC production of G. sucro-
ermentans B-11267 reached 6.19 g/L when initial pH was 3.95.
he availability of organic acids in the waste that contribute

o its high acidity also has a positive impact on the formation
f biopolymer. The initial pH for maximum cellulose produc-

ion was distinctively low compared to the pH typically used
n incubation with bacteria of this genus. Overall, the strain
. sucrofermentans B-11267 is acid-resistant and can be used
sustainable in fermentation processes for BC production using
acidic food industry by-products.

Several attempts have been made to harvest or engineer
strains that are resilient to low pH media during BC biosynthe-
sis. Castro et al. reported that a bacterial strain isolated from
the fermentation of Colombian homemade vinegar, Gluconace-
tobacter medellensis, is highly tolerant to low pH: an optimum
yield of 4.5 g/L was achieved at pH 3.5, which is generally
too low for other bacterial species to function.38 Kim et al.
reported that cellulose producing bacterial strain Gluconaceto-
bacter sp. gel SEA623-2 isolated from citrus fruit juice fungus
is also highly tolerant to low pH. In order to investigate the
effect of initial pH on BC production, SEA623-2 was cultivated
in the biocellulose production medium with different pH levels
(2.5–5) under static culture. The optimum pH for BC production
was 3.5.45

Recently, it has been reported that BC can be synthesized
under alkaline environment.44 A bacterial strain isolated from
fermented fruit juice, Komagataeibacter intermedius FST213-1,
can produce BC within pH 4–9 and exhibit maximum BC pro-
duction (1.2 g/L) at pH 8 in short-term (4-day) cultivation.44

Changes in pH can indicate the biochemical reactions
occurring in the culture.43 BC synthesis is an energy-
dependent process, and therefore, in HS medium with only
glucose as energy source, the oxidation of glucose to glu-
conate prevails over the synthesis of BC. The formation of
gluconic acid subtracts the carbon skeleton (glucose) from the
BC production.46 Furthermore, the development of gluconate
significantly decreases the pH of the medium and this is an
additional limitation to the BC production.

Culturing the bacterium G. sucrofermentans B-11267 on TS
and whey, a pH increase was observed, which is most likely
due to the consumption of organic acids of stillage and whey.
The concentration of monocarboxylic acids in TS medium
after 3 days of cultivation was negligible, suggesting that they
were metabolized via TCA cycle or that the formed oxaloac-
etate was decarboxylated into pyruvate that is used by the
gluconeogenesis pathway to produce glucose, as previously
stated for K. xylinus.39

This result was consistent with the work of Hwang et al.,
who stated that during the cell growth/cellulose production

phase, cellulose production was accompanied by cell growth
and consumption of the gluconic acid.47 At 35 h, the cell mass
and cellulose concentration were maximal and the pH of the
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culture broth increased from the lowest value of 4.3 to 6.5.
In the stationary phase, however, gluconic acid continued to
be consumed without further production of cellulose, and the
pH of the culture broth increased continuously from 6.5 to 7.0.
It was considered from this result that the culture medium
must contain a certain level of gluconic acid for cellulose pro-
duction. However, further study will be needed to clarify this
point.

Conclusion

On the basis of the obtained results, it can be concluded that
acidic by-products of the alcohol and dairy industries, such
as thin wheat stillage and whey, are a promising substrate
for obtaining BC. These low-cost by-products can significantly
contribute to the reduction of production costs. Further-
more, BC can be produced by employing thin wheat stillage
to achieve high yields and quality of the product. Remark-
ably, the strain G. sucrofermentans B-11267 investigated here
yields a large amount of BC in low pH media, indicating its
tolerance to acidic environments while optimally producing
cellulose. Such situation is highly desirable in industrially rele-
vant fermentation processes for BC production with the added
advantage that it limits microbial contamination. Thus, the
results of this study present an excellent viewpoint to produce
a nanomaterial with different possible applications by using
acidic food industry by-products.

Conflicts  of  interest

The authors declare no conflicts of interest.

Acknowledgments

The authors would like to thank Dr K.N. Nishchev and Dr V.M.
Kyashkin for help in AFM and XRD studies.

 e  f  e  r  e  n  c  e  s

1. Mohite BV, Patil SV. A novel biomaterial: bacterial cellulose
and its new era applications. Biotechnol Appl Biochem.
2014;61(2):101–110.

2. Andrade FK, Alexandre N, Amorim I, et al. Studies on the
biocompatibility of bacterial cellulose. J Bioact Compat Polym.
2013;28:97–112.

3. Dayal MS, Catchmark JM. Mechanical and structural property
analysis of bacterial cellulose composites. Carbohydr Polym.
2016;144:447–453.

4. Lee KY, Tammelin T, Schulfter K, Kiiskinen H, Samela J,
Bismarck A. High performance cellulose nanocomposites:
comparing the reinforcing ability of bacterial cellulose and
nanofibrillated cellulose. Appl Mater Interfaces.
2012;4:4078–4086.

5. Lee KY, Buldum G, Mantalaris A, Bismarck A. More than
meets the eye in bacterial cellulose: biosynthesis,
bioprocessing, and applications in advanced fiber

composites. Macromol Biosci. 2014;14(1):10–32.

6. Dahman Y. Nanostructured biomaterials and biocomposites
from bacterial cellulose nanofibers. J Nanosci Nanotechnol.
2009;9:5105–5122.
 i o l o g y 4 9 S (2 0 1 8) 151–159

7. Jozala AF, de Lencastre-Novaes LC, Lopes AM, et al. Bacterial
nanocellulose production and application: a 10-year
overview. Appl Microbiol Biotechnol. 2016;100(5):2063–2072.

8. Cacicedo ML, Castro MC, Servetas I, et al. Progress in
bacterial cellulose matrices for biotechnological
applications. Bioresour Technol.  2016;213:172–180.

9. Rajwade JM, Paknikar KM, Kumbhar JV. Applications of
bacterial cellulose and its composites in biomedicine. Appl
Microbiol Biotechnol. 2015;99(6):2491–2511.

10. de Oliveira Barud HG, da Silva RR, da Silva Barud H, et al. A
multipurpose natural and renewable polymer in medical
applications: bacterial cellulose. Carbohydr Polym.
2016;153:406–420.

11. Liyaskina E, Revin V, Paramonova E, et al. Nanomaterials
from bacterial cellulose for antimicrobial wound dressing. J
Phys: Conf Ser.  2017;784:012034.

12. Ullah H, Wahid F, Santos HA, Khan T. Advances in
biomedical and pharmaceutical applications of functional
bacterial cellulose-based nanocomposites. Carbohydr Polym.
2016;150:330–352.

13. Abeer MM, Mohd Amin MCI, Martin C. A review of bacterial
cellulose-based drug delivery systems: their biochemistry,
current approaches and future prospects. J Pharm Pharmacol.
2014;66:1047–1061.

14. Shi Z, Zhang Y, Phillips GO, Yang G. Utilization of bacterial
cellulose in food. Food Hydrocolloids. 2014;35:539–545.

15. Basta AH, El-Saied H. Performance of improved bacterial
cellulose application in the production of functional paper. J
Appl Microbiol. 2009;107:2098–2107.

16. Ul-Islam M, Khan S, Ullah MW, Park JK. Bacterial cellulose
composites: synthetic strategies and multiple applications in
bio-medical and electro-conductive fields. Biotechnol J.
2015;184:47–61.

17. Chawla PR, Bajaj IB, Survase SA, Singhal RS. Fermentative
production of microbial cellulose. Food Technol Biotechnol.
2009;47:107–124.

18. Mohammadkazemia F, Azinb M, Ashoric A. Production of
bacterial cellulose using different carbon sources and
culture media. Carbohydr Polym. 2015;117:518–523.

19. Chen L, Hong F, Yang XX, Han SF. Biotransformation of wheat
straw to bacterial cellulose and its mechanism. Bioresour
Technol.  2013;135:464–468.

20. Guo X, Cavka A, Jonsson LJ, Hong F. Comparison of methods
for detoxification of spruce hydrolysate for bacterial
cellulose production. Microb Cell Fact. 2013;12:93.

21. Erbas Kiziltas E, Kiziltas A, Gardner DJ. Synthesis of bacterial
cellulose using hot water extracted wood sugars. Carbohydr
Polym. 2015;124:131–138.

22. Algar I, Fernandes SCM, Mondragon G, et al. Pineapple
agroindustrial residues for the production of high value
bacterial cellulose with different morphologies. J Appl Polym
Sci.  2015;132:41237.

23. Kurosumi A, Sasaki C, Yamashita Y, Nakamura Y. Utilization
of  various fruit juices as carbon source for production of
bacterial cellulose by Acetobacter xylinum NBRC 13693.
Carbohydr Polym. 2009;76:333–335.

24. Jozala AF, Pértile RA, dos Santos CA, et al. Bacterial cellulose
production by Gluconacetobacter xylinus by employing
alternative culture media. Appl Microbiol Biotechnol.
2015;99(3):1181–1190.

25. Hong F, Guo X, Zhang S, Han S-F, Yang G, Jönsson LJ. Bacterial
cellulose production from cotton-based waste textiles:
enzymatic saccharification enhanced by ionic liquid
pretreatment. Bioresour Technol.  2012;104:503–508.

26. Cakar F, Ozer I, Aytekin AÖ, Sahin F. Improvement
production of bacterial cellulose by semi-continuous process

in molasses medium. Carbohydr Polym. 2014;
106:7–13.

http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0240
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0245
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0250
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0255
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0260
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0265
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0270
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0275
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0280
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0285
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0290
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0295
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0300
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0305
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0310
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0315
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0320
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0325
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0330
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0335
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0340
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0345
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0350
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0355
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0360
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0365


 o b i o

47. Hwang JW,  Yang YK, Hwang JK, et al. Effects of pH and
b r a z i l i a n j o u r n a l o f m i c r

27. Carreira P, Mendes JA, Trovatti E, et al. Utilization of residues
from agro-forest industries in the production of high value
bacterial cellulose. Bioresour Technol. 2011;102:7354–7360.

28. Suwanposri A, Yukphan P, Yamada Y, Ochaikul D. Statistical
optimisation of culture conditions for biocellulose
production by Komagataeibacter sp PAP1 using soya bean
whey. Maejo Int J Sci Technol.  2014;8:1–14.

29. Wu JM, Liu RH. Thin stillage supplementation greatly
enhances bacterial cellulose production by Gluconacetobacter
xylinus.  Carbohydr Polym. 2012;90:116–121.

30. Wu JM, Liu RH. Cost-effective production of bacterial
cellulose in static cultures using distillery wastewater. J Biosci
Bioeng. 2013;115(3):284–290.

31. Ratanapariyanuch K, Shen J, Jia Y, Tyler RT, Shim YY, Reaney
MJ. Rapid NMR method for the quantification of organic
compounds in thin stillage. J Agric Food Chem.
2011;59:10454–10460.

32. Li Z, Wang L, Hua J, Jia S, Zhang J, Liu H. Production of nano
bacterial cellulose from waste water of candied
jujube-processing industry using Acetobacter xylinum.
Carbohydr Polym. 2015;120:115–119.

33. Tsouko E, Kourmentza C, Ladakis D, et al. Bacterial cellulose
production from industrial waste and by-product streams.
Int  J Mol Sci.  2015;16(7):14832–14849.

34. Huang C, Yang XY, Xiong L, et al. Evaluating the possibility of
using acetone-butanol-ethanol (ABE) fermentation
wastewater for bacterial cellulose production by
Gluconacetobacter xylinus.  Lett Appl Microbiol.
2015;60(5):491–496.

35. Jain S, Gupta R, Jain S. Development of low cost nutritional
beverage from whey. J Environ Sci Toxicol Food Technol.
2013;5:73–88.

36. Wang ZG, Wei YL, Wei MS, Wang XB, Xiang D. Effect of
organic acids on bacterial cellulose production in defined
medium by Acetobacter xylinum. J Food Sci.  2008;29:295–297.
37. Zhong C, Zhang GC, Liu M, Zheng XT, Han PP, Jia SR.
Metabolic flux analyses of Gluconacetobacter xylinus for
bacterial cellulose production. Appl Microbiol Biotechnol.
2013;97(14):6189–6199.
 l o g y 4 9 S (2 0 1 8) 151–159 159

38. Castro C, Zuluaga R, Álvarez C, et al. Bacterial cellulose
produced by a new acid-resistant strain of Gluconacetobacter
genus. Carbohydr Polym. 2012;89(4):1033–1037.

39. Gullo M, Zanichelli G, Verzelloni E, Lemmetti F, Giudici P.
Feasible acetic acid fermentations of alcoholic and sugary
substrates in combined operation mode. Process Biochem.
2016;51:1129–1139.

40. Matsuoka M, Tsuchida T, Matsushita K, Adachi O, Yoshinaga
F.  A synthetic medium for bacterial cellulose production by
Acetobacter xylinum subsp. sucrofermentans.  Biosci Biotechnol
Biochem.  1996;60(4):575–579.

41. Coban EP, Biyik H. Evaluation of different pH and
temperatures for bacterial cellulose production in HS
medium and beet molasses medium. Afr J Microbiol Res.
2011;5:1037–1045.

42. Hutchens SA, Leo RV, O’Neill HM, Evans BR. Statistical
analysis of optimal culture conditions for Gluconacetobacter
hansenii cellulose production. Lett Appl Microbiol.
2007;44:175–180.

43. Keshk S, Sameshima K. Evaluation of different carbon
sources for bacterial cellulose production. Afr J Biotechnol.
2005;4:478–482.

44. Lin SP, Huang YH, Hsu KD, Lai YJ, Chen YK, Cheng KC.
Isolation and identification of cellulose-producing strain
Komagataeibacter intermedius from fermented fruit juice.
Carbohydr Polym. 2016;151:827–833.

45. Kim SS, Lee SY, Park KJ, et al. Gluconacetobacter sp.
gel SEA623-2, bacterial cellulose producing bacterium
isolated from citrus fruit juice. Saudi J Biol Sci.
2017;24(2):314–319.

46. Liu M, Zhong C, Zhang YM, Xu ZM, Qiao CS, Jia SR. Metabolic
investigation in Gluconacetobacter xylinus and its bacterial
cellulose production under a direct current electric field.
Front Microbiol. 2016;7:331.
dissolved oxygen on cellulose production by Acetobacter
xylinum BRC5 in agitated culture. J Biosci Bioeng.
1999;88:183–188.

http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0370
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0375
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0380
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0385
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0390
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0395
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0400
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0405
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0410
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0415
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0420
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0425
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0430
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0435
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0440
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0445
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0450
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0455
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0460
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0465
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470
http://refhub.elsevier.com/S1517-8382(17)30134-X/sbref0470

	Cost-effective production of bacterial cellulose using acidic food industry by-products
	Introduction
	Materials and methods
	Bacterial strain and culture conditions
	Purification of bacterial cellulose and analysis of BC yield
	AFM micrographs of BC
	HPLC
	FTIR spectra of BC
	X-ray diffraction
	Statistical analysis

	Results
	Production of bacterial cellulose
	Structure of bacterial cellulose

	Discussion
	Conclusion
	Conflicts of interest
	Acknowledgments
	References


