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Two fractions of polysaccharides (MLP-1 and MLP-2) were extracted from the leaves of maca (Lepidium
Meyenii Walp.) by water, and purified using DEAE-52 ion exchange resin and sephadex G-200 clumns
chromatography. An investigation was carried out for their structural characterization and antioxidant
activity in vitro. The results indicated that MLP-1 was mainly composed of ribose, rhamnose, arabi-
nose, xylose, mannose, glucose and galactose, with the molar ratio of 0.12:0.32:1.50:0.32:1.03:1.00:0.93;
the MLP-2 was a homopolysaccharide composed of glucose. The molecular weight (Mw) of MLP-1 was
42756 Da, and the Mw of MLP-2 was 93541 Da. The FT-IR spectra showed the general characteristic
absorption peak of maca leaf polysaccharides (MLPs). The evaluation of antioxidant activity revealed that
MLP-1 had strong scavenging effects in vitro on hydroxyl, superoxide anion and DPPH radicals, whose
ECsp (mg/mL) was 0.44, 0.21, and 0.82, respectively. Both MLP-1 and MLP-2 presented dose-dependently
positive effects on the antioxidant-related parameters. The results suggested that the purified MLP-1 dis-
played better antioxidant capacities than that of MLP-1, which could be explored as potential antioxidant
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agents for the complementary medicine or functional foods.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Maca (Lepidium meyenii), an annual or biennial plant of family
of Brassicaceae, mainly grows in the Andes region of Peru where
the altitude is between 3500 and 4500 m above sea level. This area
is characterized by freezing temperature, intense sunlight, fierce
winds, barren, and rocky terrain [ 1]. The maca hypocotyls have been
used as both foodstuff and folk medicine in the Andes for over 2000
years [2]. It has been recommended as a safe edible food by the FAO
in 1992, and has been promoted for global cultivation. Up to now,
a variety of active components have been found in maca, including
macaene and macamides [3], glucosinolates [4], alkaloid [5] sterols
and flavonolignans [6], and polysaccharides [7].

Plant polysaccharides gained the attention in medicine due to
their biological activities such as antioxidant [8,9], immunomodu-
lation [10], antidiabetic [11], anti-tumor [12], antibiotic [13], and
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anti-inflammatory [14]. Recently, an increasing number of stud-
ies have focused on the structural characterization and activities of
maca polysaccharides obtained from maca hypocotyls. For exam-
ple, the polysaccharides of Lepidium meyenii (LMPs) were extracted
by hot water, and four LMPs were obtained through increasing the
concentration of ethanol in the process of polysaccharide precipi-
tation [7]. Wang et al. [15] reported that a polysaccharide (MP21)
isolated and purified from maca hypocotyls had an average Mw
of 3.68 x 10° Da, and the MP21 was mainly composed of rham-
nose, arabinose and galactose in a molar ratio of 1:4.84:5.34. Zhang,
et al. [16] had been revealed the structural features of MC-1 (a
novel polysaccharide) from maca hypocotyls. It was reported that
the polysaccharides from maca hypocotyls showed antioxidant
[7], anti-fatigue [17], and immunomodulatory activities [15,16].
Recently, it is proved that maca polysaccharide (MP-1) possesses
a protective effect on Hep-G2 cells and alcoholic liver oxidative
injury in mice [ 18]. However, few studies have focused on the puri-
fied polysaccharides of maca leaves and their biological activities.
The maca leaves accounting for 20-40% (m/m, dry weight) of total
biomass of maca were ignored and wasted, which led to the waste
of maca resources.
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In this study, maca leaf polysaccharides (MLPs) were isolated by
DEAE cellulose-52 chromatography, which were further purified
by Sephadex G-200 column chromatography, and two polysac-
charides (MLP-1 and MLP-2) were obtained. Therefore, the aims
of this study were to preliminarily characterize the structure of
the polysaccharide fractions isolated from the leaves of Lepidium
meyenii and to evaluate antioxidant activities of these fractions
in vitro.

2. Materials and methods
2.1. Materials

Fresh maca leaves were collected from Yunnan Province, in
the southwest of China during in November-December, 2014. The
sample was confirmed by Prof. Hou Wenbin (Tianjin Institute of
Pharmaceutical Research, Tianjin, China). The leaves were shade
dried, powdered, sieved through 830 wm and stored in a tightly
closed container for future use.

Butylated hydroxyl toluene (BHT) was purchased from
Sinopharm Chemical Reagent Co. Ltd (Shanghai, China). 1-
Diphenyl-2-picrylhydrazyl (DPPH) was purchased from Sigma-
Aldrich (St. Louis, MO, USA). 1-phenyl-3-methyl-4-benzene formyl
pyrazolone (PMP) was from Solarbio Co. Ltd (Beijing, China). DEAE-
cellulose 52 was obtained from Beijing RuiDaHengHui Science &
Technology Development Co. Ltd, and Sephadex G-200 filtration
media were purchased from Beijing Hua Yuan Science and Tech-
nology Co Ltd. All of the other chemicals were analytical grade.

2.2. Extraction of crude MLPs

The powder of maca leaves was extracted with petroleum ether
(b. p. 60-90°C) using Soxhlet apparatus to remove lipids. The
defatted sample was extracted with boiling water at a water/raw
material ratio of 20:1 (mL/g) for 150 min, and the supernatant
was collected by centrifugation (4000g, 20 min). This operation
was repeated twice, and all obtained supernatants were combined.
When the resulting solution was concentrated to about 1/4 of
original volume, ethanol (95%, v/v) was added slowly with con-
stant agitating, until the final concentration of ethanol reached
to 70% (v/v). The supernatant and precipitate were left at 4°C
for overnight, and then separated by centrifugation at 4000g for
20 min. The precipitates were collected and dissolved in distilled
water before lyophilization to gain crude MLPs.

2.3. Purification of MLPs

The protein in crude MLPs was removed by the Sevag method
(the ratio of chloroform to butanol was 4:1, v/v), and the depro-
teinated process was performed until no protein precipitation exist.
Then, the MLPs were further depigmented by using D101 type
macroporous adsorption resin according to the method reported
by Li et al. [19]. Finally, the decolored solution was collected,
concentrated and lyophilized, and the polysaccharide fractions
were obtained. The polysaccharide fractions obtained (100 mg)
were dissolved in 10 mL of distilled water, and the precipitate and
supernatant were separated by centrifugation (4000g, 15 min). The
supernatant was loaded on a DEAE-52 cellulose chromatography
column (2.6cm x 60 cm) equilibrated with deionized water. The
column was eluted with sodium chloride solution (linear gradient
from 0 to 0.6 M) at a flow rate of 1 mL/min. Each eluent fraction was
collected and determined by the phenol-sulfuric acid method [20].
The eluent was concentrated, and dialyzed (MW cut off 5.0 kDa) for
48 h and freeze-dried.

The fractions obtained by DEAE-52 cellulose column were fur-
ther purified by using Sephadex G-200 column (1.6 cm x 100 cm)

eluting with deionized water at 1 mL/min. The main fraction was
gathered, desalted and lyophilized, respectively. According to this
process, two pure MLPs were obtained and named as MLP-1 and
MPL-2.

2.4. General analysis

The content of total carbohydrate was measured by the phenol-
sulfuric acid method using D-glucose as standard [20]. Protein
content was evaluated according to Commassie Brilliant Blue G-250
method using BSA (bovine serum albumin) as standard [21]. The
uronic acid (UA) was measured according to m-hydroxybiphenyl
method using D-galacturonic acid as standard [22]. All the data
were detected by using a TU-1810PC UV-vis spectrophotometer
(Persee, Beijing, China).

2.5. Analysis of monosaccharide compositions

The monosaccharide composition of MLP-1 and MLP-2 was
determined according to the method of Olatunji et al. [23] with a
minor modification. In brief, the sample (10 mg) was hydrolyzed
in 6 mL trifluoroacetic acid solution (2mol/L) at 110°C for 4h.
The excess acid of trifluoroacetic acid was neutralized by adding
BaCOs, and the supernatant were gathered and lyophilized. The
freeze-dried product was treated with hydroxyl-amine hydrochlo-
ride (20 mg) and pyridine (2.0 mL) for 1h at 90°C. The reference
standards including ribose, xylose, rhamnose, mannose, arabinose,
glucose and galactose were treated in the same way. The result-
ing products were filtered through a 0.45 pwm nylon membrane
(Westborough, MA, USA). Finally, the obtained samples were ana-
lyzed by gas chromatography-mass spectrometry (GC-MS) with a
DB-fused-silica capillary column (60 m x 0.25 mm x 0.25 wm) and
a flameionization detector.

2.6. Molecular weight determination

The average molecule weight of MLP-1 and MLP-2 was deter-
mined as described by Wang et al. [15] with slight modifications.
The high-performance gel-permeation chromatography (HPGPC)
with a HPLC system (Agilent 1200) was applied. This instrument
was equipped with L-aquagel-OH 40 pre-column (300 x 7.5 mm,
inner diameter 8 wm), PL-aquagel-OH 30 separation column
(300 x 7.5 mm, inner diameter 8 um), and a refractive index detec-
tor (RID). The loaded column was eluted with NaAc solution
(0.003 mol/L) at a flow rate of 1.0 mL/min and the injection vol-
ume was 50 pL. Calculation was calibrated with standard dextrans
(including T670, T410, T270, T150, T80, T50, T25, T12, T5, and T1,
Sigma, USA).

2.7. FT-IR and UV spectroscopy analysis

The FT-IR spectra of MLP-1 and MLP-2 were determined by
using a FT-IR spectrophotometer (Bruker, Germany) in the vibra-
tion region of 4000-400 cm~!. The samples were ground into fine
powder and mixed with potassium bromide, then pressed into
1 mm pellets. Their UV spectra were recorded with a TU-1810PC
spectrophotometer (Persee, Beijing, China) in the wavelength range
of 400-190 nm.

2.8. Assay of antioxidant activities in vitro

2.8.1. Hydroxyl radical (OH*) scavenging activity

The hydroxyl radical scavenging activity of MLP-1 and MLP-
2 was determined according to the previous method [24]
with a minor modification. 2.0mL of different concentrations
(0.2-1.2mg/mL) samples were mixed with 2.0mL of 0.6 mM
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ferrous sulphate and 2.0 mL of 0.6 mM H,0,, respectively. The mix-
tures were shaken and kept at 25°C for 10 min. Then 2.0 mL of
salicylic acid (0.6 mM) was added into the solution, shaken and
kept at 25°C for 30 min. Ascorbic acid (Vc) and BHT were used
as the positive control. The resulting solution was measured at
510nm with a spectrophotometer. Hydroxyl radical scavenging
activity was calculated by the following equation: scavenging effect
(%)=[1—(A1 —A3)/Ag] x 100, where A is the absorbance of the con-
trol, A; is the absorbance of the sample, and A, was the background
absorbance of the sample.

2.8.2. Superoxide anion radical (0?~*) scavenging activity

Superoxide anion radical scavenging activity was measured
using pyrogallic acid method [25] with some modifications. Briefly,
4.5 mL of Tris-HCI (pH 8.2,0.1 M) was preheated at 25 °C for 20 min,
then 0.1 mL of different concentrations (0.2-1.2 mg/mL) samples
and 0.3 mL of pyrogallic acid (5 mM) were added. Vc and BHT were
used as the positive control. The obtained solution was shaken
and kept at 25°C for 5min, then 1 mL of HCl (10 M) was added
into the mixture to terminate the reaction. The absorbance of the
obtained solution was measured at 320 nm with a spectrophotome-
ter. Superoxide anion radical scavenging activity was calculated
by the following equation: scavenging effect (%) =(1 — K1 /Kp) x 100,
where Kj is the absorbance of the control, K; is the absorbance of
the sample.

2.8.3. DPPH radical scavenging activity

The DPPH radical scavenging activity was measured according to
the reported method [26] with minor modifications. Briefly, 2.0 mL
of different concentrations (0.2-1.2 mg/mL) samples were added to
2.0 mL of methanol solution (0.2 mM) of DPPH. Vc and BHT were
used as the positive control. The obtained solution was shaken and
keptat25°Cinthe dark for 30 min, and the absorbance of the result-
ing solution was measured at 517 nm with a spectrophotometer.
DPPH radical scavenging activity was calculated by the following
equation: scavenging effect (%)=[1 — (A1 —Az)/Ag] x 100, where Ag
is the absorbance of the control, A is the absorbance of the sample,
and A5 is the background absorbance of the sample.

2.9. Statistical analysis

Values from analysis are expressed as mean + standard devia-
tion (S.D.). Data sets with multiple comparisons were evaluated by
one-way analysis of variance (ANOVA) with Duncan’s test. Differ-
ences were considered significant at p <0.05.

3. Results and discussion
3.1. Isolation and purification of crude MLPs

Crude MLPs were isolated from the maca leaves, and the yield
was 4.6% based on the dried leaves of L. meyenii. After being
deproteinated and decolored, the MLPs were fractionated on a
DEAE-52 cellulose anion-exchange column, and the profile eluted
by deionized water and NaCl solution was presented in Fig. 1A.
After fractionation, two fractions (MLP-1, MLP-2) were obtained
from an aqueous NaCl gradient (0, 0.2 M). These fractions were fur-
ther separated by Sephadex G-200 column chromatography and
eluted with deionized water. Both MLP-1 and MLP-2 showed only
one symmetrical peak in Fig. 1B, C. Two fractions were collected
separately, enriched and frozen. The polysaccharide content was
detected using the phenol-sulfuric acid method. Thus two purified
polysaccharides (MLP-1 and MLP-2) were obtained with the yield
of 35.7% and 25.3% based on the total amount of deproteinatinng
and decoloring MLPs, respectively. The content of total carbohy-
drate in MLP-1 was 94.10%, and the content of UA was 1.51%. The

Table 1
Monosaccharide components, molar proportion, and molecular weight of fractions
(MLP-1 and MLP-2).

Sample Molecular weight (Da) Molar ratios

Rib® Rha® Ara® XylY Man® GIc' Gal®

MLP-1
MLP-2

42756
93541

0.12 032 150 032 1.03
0.00 0.00 0.00 0.00 0.00

1.00 0.93
1.00 0.00

2 ribose.

b rhamnose.
¢ arabinose.
4 xylose.

€ mannose.
f glucose.

¢ galactose.

carbohydrate content of MLP-2 was 90.15%, and the content of UA
was 20.62%. Both of MLP-1 and MLP-2 showed negative response to
the Commassie Brilliant Blue method. These values were similar to
those of two polysaccharide fraction (MPS-1, MPS-2) isolated from
maca hypocotyls [17]. Compared with maca hypocotyl polysaccha-
rides (MHP), the contents of UA in MLP-2 were much lower than
that of MPS-2 [17] and MP21 [15].

3.2. Monosaccharides composition and average molecular weight

The monosaccharide compositions of MLP-1 and MLP-2 were
analyzed by GC-MS and the results were shown in Fig. 2 and
Table 1. It was found that the MLP-1 was made of ribose
(Rib), rhamnose (Rha), arabinose (Ara), xylose (Xyl), mannose
(Man), glucose (Glc) and galactose (Gal) with the molar ratio
of 0.12:0.32:1.50:0.32:1.03:1.00:0.93. Seven kinds of monosac-
charide were included in MLP-1. Therefore, it was a kind of
heteropolysaccharide. The MLP-2 was composed of Glc, e.g. the glu-
cosan. According to the study of Zha et al. [7], the LMPs consisted
of Rha, Ara, Glc, and Gal in a molar ratio of 2.18:9.47:1:5.21 (LMP-
70). Zhang et al. [16] reported that the pure polysaccharide (MC-1)
included Ara, Man, Glc and Gal with molar of 0.49:0.22:1:0.16,
respectively. It was also reported that maca root polysaccharide
(MP-21) was mainly composed of Rha, Ara, and Gal in molar ratio
of 1:4.84:5.34 [15]. Previous study [17] showed that the MPS-1
consisted of Xyl, Ara, Gal, and Glc (the mole ratio 1:1.7:3.3:30.5),
and the MPS-2 was composed of Ara, Gal and Glc (the mole ratio
1:1.3:36.8). The MP-1(isolated from maca hypocotyls) reported by
Zhangetal.[18] contained five monosaccharides with different pro-
portion, including Rha, GalUA (galacturonic acid), Glc, Gal, Xyl and
Ara. This result indicated that the major monosaccharide compo-
nents of MLP fractions were very similar to the polysaccharides
isolated from maca hypocotyls.

The molecular weight distribution of MLP-1 and MLP-2 were
determined using HPGPC and the results were shown in Fig. 3
and Table 1. The curve fitting is made by SPSS 19.0 soft-
ware, and the curve equation is obtained according to the
curve shape. The calibration equation of the standards was Log
M=60.4 — 6.05tg +0.218tz2-0.0027tg> (where M is the molecular
weight, and tg is the retention time) with a correlation coefficient
0f 0.999,6. According to this formula, the average molecular weight
of MLP-1 and MLP-2 were 42756 Da and 93541 Da, respectively.
Zhang et al. [16] revealed that the molecular weight (Mw) of maca
root polysaccharide (MC-1) was 11.3 kDa. Lietal. [17] reported that
the Mw of two purified polysaccharide from maca hypocotyls was
7.6 kDa (MPS-1), and 6.7 kDa (MPS-2). Previous researches showed
that the Mw of MP21 (polysaccharide from maca hypocotyls) was
3.68 x 10° Da [15], and the average Mw of MP-1 was 1067.3 kDa
[18]. These results were different from our result. It implies that
the difference of Mw of polysaccharides exists in maca hypocotyls
or leaves in different quantity.
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Fig. 1. Elution profiles of crude MLPs purified with DEAE-52 cellulose column (A) and gel filtration chromatography column by Sephadex G-200 (B, C).

3.3. FT-IR and UV spectra analysis of MLP-1 and MLP-2

The FT-IR spectra of the pure MLP-1 and MLP-2 fractions were
shown in Fig. 4A, B, and the assignment of the most important IR
bands was summarized in Table 2. It can be seen that a broad and
strong band at 3445 cm~! represented the O—H stretching vibra-
tion and the presence of hydrogen bonds [7,27]. The weak band
at 2928 cm~! in MLP-1 and 2926 cm~! in MLP-2 attributed to the
C—H stretching vibration of —CH and —CH, [7,15,16]. The absorp-
tion peak at 1629 cm~! (MLP-1) and 1619 cm~! (MLP-2) were due
to the C=0 stretching of the carbonyl group [16]. The peaks at
1395cm~! in MLP-1 and 1420cm~! in MLP-2 were distinctive of
the C—O stretching vibration peak [28]. The absorption peaked
at 1200-1010cm™! are attributed to the stretching vibrations of
C—0—Cand C—OH in the pyranose form [15,29]. A weak absorption
bands at 868 and 573 cm~! for MLP-1, as well as 863 and 570 cm ™!
for MLP-2 indicated the presence of a-configuration in these two
purified polysaccharides [30].

The UV spectra of MLP-1 and MLP-2 were shown in Fig. 4C, D.
It was reported that the absorption peak within the 260-280 nm
range is due to -7 electron transitions in aromatic and poly-
aromatic compounds present in most conjugated molecules such
as proteins [31]. It can be seen that two kinds of pure polysaccha-

rides had no absorption peaks between 260 and 280 nm, which
indicated that the purified MLP-1 and MLP-2 contained no nucleic
acid, protein, or polypeptide.

3.4. Invitro antioxidant activities

3.4.1. Scavenging ability on hydroxyl radicals

Hydroxyl radical is one of most harmful reactive oxygen species,
which could cause cell death and tissue damage by reacting with
lipids, proteins, and DNA [32]. The scavenging hydroxyl radical
activities of MPL-1, MLP-2, Vitamin C and BHT were shown in
Fig. 5A. The results indicated that all samples exhibited a dose
dependent manner. At the concentration of 1.2 mg/mL, the scav-
enging effects of hydroxyl radical of MPL-1, MLP-2, Vitamin C and
BHT were 82.71%, 79.07%, 99.68%, and 44.35%, respectively. The
scavenging ability of MLP-1 was stronger than that of MLP-2 and
BHT, but lower than Vitamin C at the range of 0.6-1.2 mg/mL. The
ECs0 (mg/mL) of MLP-1 and MLP-2 were 0.44 and 0.66, respectively.
The result is in agreement with previous works that polysaccha-
rides with low molecular weights have more reductive hydroxyl
group terminals (on per unit mass basis) to accept and eliminate
the free radicals [33,34]. It was reported that the polysaccharide
with low molecular weight may have low viscosity of sample solu-
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Fig. 2. GC chromatograms of hydrolysis and derivatives products of MLP-1(A) and MLP-2(B). Ribose (6.06), Rhamnose (6.11), Arabinose (6.17), Xylose (6.27), Mannose (8.36),

Glucose (8.43(A); 8.46(B)) and Galactose (8.53).

tion, which could improve the quenching ability, thus increase
the antioxidant activities [35,36]. Besides the molecular weight,
the MLP-1 consists of relatively complex monosaccharide com-
ponents (Rib, Rha, Ara, Xyl, Man, Glc, and Gal), which could

promote the hydroxyl radical scavenging activity [37]. These results
demonstrated that the molecular weights and chemical compo-
nents of polysaccharides have great influence on their biological
activities. Previous study [7] showed that the MLP-60 (polysac-
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Table 2

Assignment of the most important IR bands in MLP-1 and MLP-2.
Wavenumber (cm™1) Assignment References
3500-3200 (MLP-1, MLP-2) The broad band assigned to the hydroxyl groups strestching vibration. [19,28]
2928 (MLP-1), 2926 (MLP-2) The C—H stretching vibration of —CH and —CH, [19,20,21]
1629 (MLP-1), 1619 (MLP-2) The C=0 stretching of the carbonyl group [21]
1395 (MLP-1), 1420 (MLP-2) The C—O stretching vibration peak [29]
1200-1010 (MLP-1, MLP-2) The stretching vibrations of C—0—C and C—OH in the pyranose form [20,30]
868,573(MLP-1), 863, 570 (MLP-2) The presence of a-configuration [21,31]

charide obtained from maca hypocotyls) exhibited the highest
hydroxyl radical scavenging ability (52.9%) at the concentration
of 2.0mg/mL, which was much less than that MLP-1 and MLP-
2. It implies that the MLPs had a noticeable scavenging effect on
hydroxyl radicals.

3.4.2. Scavenging ability on superoxide radicals

Superoxide radical, a highly harmful species, plays important
roles in the formation of secondary radicals such as hydrogen per-
oxide, hydroxyl radical, and singlet oxygen, which would result
in tissue damages [38]. The inhibitory effects of MPL-1, MLP-2,

Vitamin C and BHT on superoxide radicals were shown in Fig. 5B.
Two polysaccharide fractions also showed a dose-response rela-
tionship. The scavenging activity of MLP-1 and MLP-2 was 76.67%
and 52.62% at the concentration of 1.2 mg/mL. The ECs¢ (mg/mL)
of MLP-1 and MLP-2 were 0.21 and 1.01, respectively. Compared
MLP-1 and MLP-2, MLP-1 had a higher scavenging effect, which
is also related to its relatively low molecular weight and complex
monosaccharide components [36,37]. It is known that bioactivities
of polysaccharides are dependent on the monosaccharide compo-
nents, molecular weight, glycoside bond types, microstructure, and
configuration, etc. [37].
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Fig. 4. The FT-IR (A, B) and UV (C, D) spectra of MLP-1 (A, C) and MLP-2 (B, D).

Previous studies on antioxidant activities revealed that the
highest superoxide radical scavenging ability of maca root polysac-
charides (LMP-60) was 85.8% when the concentration was
2.0mg/mL[7], which was different from our result. The difference
may be related to the fact that the LMP-60 was obtained by chang-
ing the concentration of ethanol in the process of polysaccharide
precipitation. However, the MLP-1 exhibited higher superoxide
anion radical scavenging activity than that of MP-1 (polysaccharide
isolated from maca hypocotyls) [18]. Superoxide anion is con-
sidered as an initial free radical, which could produce other free
radicals [38]. Our results suggest that the MLP-1 had a noticeable
scavenging effect on superoxide anion radicals.

3.4.3. Scavenging ability on DPPH radicals

The DPPH radical scavenging activities of MPL-1, MLP-2, Vita-
min C and BHT were shown in Fig. 5C. The DPPH radicals scavenging
activities of MPL-1 and MLP-2 increased significantly (P<0.05) with
the increasing concentration. When the concentration approached
to 1.2 mg/mL, the DPPH radical scavenging rate of MLP-1 and MLP-
2 was 62.01% and 59.67%, which were lower than that of Vitamin C
and BHT. The ECs¢ (mg/mL) of MLP-1 and MLP-2 were 0.82 and
1.11, respectively. The scavenging effect of MLP-1 was stronger
than that of MLP-2. It might be because that the MLP-1 possesses
lower molecular weight and more complex monosaccharide com-
ponents than those of MLP-2. These results were in accordance
with Luo et al. [39] saying that the low Mw polysaccharides were
more effective in the antioxidant assay than high Mw polysac-
charides. According to monosaccharides composition analysis, the

MLP-1 mainly consists of Rib, Rha, Ara, Xyl, Man, Glc and Gal. These
monosaccharides were supposed to relate to the strong antioxidant
effects of polysaccharide [34,37].

Zha et al. [7] reported that the highest DPPH radical scavenging
effect of macaroot polysaccharides (LMP-80)is 29.5% at the concen-
tration of 2.0 mg/mL, which was lower than that of MLP-1 (62.01%)
and MLP-2 (59.67%). Compared with maca hypocotyl polysaccha-
rides, the MLP-1 and MLP-2 extracted from maca leaves showed an
obvious effect against DPPH radicals.

4. Conclusions

In this study, two polysaccharides (MLP-1 and MLP-2) were
firstly isolated from leaves of maca (Lepidium meyenii Walp.)
using DEAE-52 ion exchange resin and sephadex G-200 column.
The MLP-1 was a kind of heteropolysaccharide composed of
Rib, Rha, Ara, Xyl, Man, Glc and Gal, with the molar ratio of
0.12:0.32:1.50:0.32:1.03:1.00:0.93; the MLP-1 was a homopolysac-
charide composed of glucose. The molecular weight (Mw) was
42756Da, and the Mw of MLP-2 was 93541 Da. The FT-IR anal-
ysis revealed the general characteristic absorption peaks of
polysaccharides. The antioxidant activity assay indicated that
two polysaccharides possessed significant inhibitory effects on
hydroxyl, superoxide anion, and DPPH radicals. The MLP-1 exhib-
ited an excellent antioxidant activity, which was superior to MLP-2.
The results of these assays will have a significant impact on future
applications for exploring novel natural antioxidants or health-
care food. However, further investigation should be focused on
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Fig. 5. The scavenging effects of MLP-1, MLP-2, Vc, and BHT on hydroxyl free radical
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more details on the structure of MLP-1 and MLP-2, the relationship
between the structure and antioxidant activity, and antioxidant
activity in vivo.

Acknowledgments

This research was sponsored by the National Natural Science
Foundation of China (Project No. 31271809).

K. Caicai et al. / International Journal of Biological Macromolecules xxx (2017 ) XXxX—xXX

References

[1] H.E. Flores, T.S. Walker, R.L. Guimarades, H.P. Bsid, ].M. Vivanco, Andean root
and tuber crops: underground rainbows, Hortiscience 38 (2003) 161-167.

[2] Y. Wang, Y.C. Wang, B. McNeil, L.M. Harvey, Maca, an Andean crop with
multi-pharmacological functions, Food Res. 40 (2007) 783-792.

[3] J. Martin-Tanguy, F. Cabanne, E. Perdrizet, C. Martin, The distribution of
hydroxycinnamic acid amides in flowering plants, Phytochemistry 17 (1978)
1927-1928.

[4] S. Piacente, V. Carbone, A. Plaza, A. Zampelli, C. Pizza, Investigation of the
tuber constituents of maca (Lepidium meyenii Walp.), J. Agric. Food Chem. 50
(2002) 5621-5625.

[5] M.M. McCollom, J.R. Villinski, K.L. McPhail, L.E. Craker, S. Gafner, Analysis of
macamides in samples of Maca (Lepidium meyenii) by HPLC-UV-MS/MS,
Phytochemistry 16 (2005) 463-469.

[6] A. Dini, G. Migliuolo, L. Rastrelli, P. Saturnino, O. Schettino, Chemical
composition of Lepidium meyenii, Food Chem. 49 (1994) 347-349.

[7] S.H. Zha, Q.S. Zhao, ].J. Chen, LW. Wang, G.F. Zhang, H. Zhang, B. Zhao,
Extraction, purification and antioxidant activities of the polysaccharides from
maca (Lepidium meyenii), Carbohydr. Polym. 111 (2014) 584-587.

[8] S.C. Chang, B.Y. Hsu, B.H. Chen, Structural characterization of polysaccharides
from Zizyphus jujuba and evaluation of antioxidant activity, Int. J. Biol.
Macromol. 47 (2010) 445-453.

[9] ZJ. Wang, ].H. Xie, LJ. Kan, J.Q. Wang, M.Y. Shen, W ]. Li, S.P. Nie, M.Y. Xie,
Sulfated polysaccharides from Cyclocarya paliurus reduce H,0,-induced
oxidative stress in RAW264.7 cells, Int. J. Biol. Macromol. 80 (2015) 410-417.

[10] D.F. Huang, Y.F. Tang, S.P. Nie, Y. Wan, M.Y. Xie, X.M. Xie, Effect of
phenylethanoid glycosides and polysaccharides from the seed of Plantago
asiatica L. on the maturation of murine bone marrow-derived dendritic cells,
Eur. J. Pharmacol. 620 (2009) 105-111.

[11] X. Xu, B. Shan, C.H. Liao, J.H. Xie, P.W. Wen, Y. Shi, Anti-diabetic properties of
Momordica charantia L. polysaccharide in alloxan-induced diabetic mice, Int.
J. Biol. Macromol. 81 (2015) 538-543.

[12] X.]Jin, Y. Ning, Antioxidant and antitumor activities of the polysaccharide
from seed cake of Camellia oleifera, ]. Biol. Macromol. 51 (2012) 364-368.

[13] Y.P. Chin, S.F. Chang, C.C. Tseng, M.C. Chen, Escherichia coli capsular
polysaccharide synthesis, antibiotic susceptibility, and red blood cell
agglutination, J. Exp. Clin. Med. 6 (2014) 16-20.

[14] S.M. Al-.Reza, ].I. Yoon, H.J. Kim, ].S. Kim, S.-C. Kang, Anti-inflammatory
activity of seed essential oil from Zizyphus jujube, Food Chem. Toxicol. 48
(2010) 639-643.

[15] W.Wang, Y. Zou, Q. Li, R. Mao, X. Shao, D. Jin, D. Zheng, T. Zhao, H. Zhu, L.
Zhang, L. Yang, X. Wu, Immunomodulatory effects of a polysaccharide
purified from Lepidium meyenii Walp. on macrophages, Process Biochem. 51
(2016) 542-553.

[16] M.M. Zhang, G. Wang, F.R. Lai, H. Wu, Structural characterization and
immunomodulatory activity of a novel polysaccharide from Lepidium meyenii,
J. Agric. Food Chem. 64 (2016) 1921-1931.

[17] J.Li, Q.R. Sun, Q.R. Meng, L. Wang, W.T. Xiong, L.F. Zhang, Anti-fatigue activity
of polysaccharide fractions from Lepidium meyenii Walp. (maca), Int. ]. Biol.
Macromol. 95 (2017) 1305-1311.

[18] LJ. Zhang, Q.S. Zhao, LW. Wang, M.X. Zhao, B. Zhao, Protective effect of
polysaccharide from maca (Lepidium meyenii) on Hep-G2 cells and alcoholic
liver oxidative injury in mice, Int. J. Biol. Macromol. 99 (2017) 63-70.

[19] C.Li, Q. Huang, X. Fu, XJ. Yue, R.H. Liu, LJ. You, Characterization, antioxidant
and immunomodulatory activities of polysaccharides from Prunella vulgaris
Linn, Int. J. Biol. Macromol. 75 (2015) 298-305.

[20] M. Dubois, K.A. Gilles, ].K. Hamilton, P.T. Rebers, F. Smith, Colorimetric
method for determination of sugars and related substances, Anal. Chem. 28
(1956) 350-356.

[21] W.G. Cao, Q.C. Jiao, Q. Liu, L. Chen, Study on the mechanism of colour changes
of commassie brilliant blue G-250, Acta Chim. Sin. 60 (2002) 1656-1661.

[22] N.Blumencrantz, G. Asboe-Hansen, New methods for quantitative
determination of uronic acids, Anal. Biochem. 54 (1973) 484-489.

[23] OJ. Olatunji, Y. Feng, 0.0. Olatunji, J. Tang, Y. Wei, O.Y. Zhen, Z.L. Su,
Polysaccharides purified from Cordyceps cicadae protects PC12 cells against
glutamate-induced oxidative damage, Carbohydr. Polym. 153 (2016)
187-195.

[24] N. Smirnoff, Q.J. Cumbes, Hydroxyl radical scavenging activity of compatible
solutes, Phytochemistry 28 (4) (1989) 1057-1060.

[25] H.Q. Wang, M.Y. Xie, Z.H. Fu, Studies on the antioxidant activity of carthamin
from safflower (Carthamus tinctorius L.), J. Wuxi Univ. Light Ind. 22 (5) (2003)
98-101.

[26] S.A.Shen, D.J. Chen, X. Li, T. Li, M. Yuan, Y.-H. Zhou, C.B. Ding, Optimization of
extraction process and antioxidant activity of polysaccharides from leaves of
Paris polyphylla, Carbohydr. Polym. 104 (2014) 80-86.

[27] G. Zhao, ]. Kan, Z. Li, Z. Chen, Structural features and immunologicalactivity of
a polysaccharide from Dioscorea opposita Thunb roots, Carbohydr. Polym. 61
(2005) 125-131.

[28] Y. Chen, W. Mao, Y. Yang, X. Teng, W. Zhu, X. Qi, Y. Chen, C. Zhao, Y. Hou, C.
Wang, N. Li, Structure and antioxidant activity of an extracellular
polysaccharide from coral-associated fungus, Aspergillus versicolor LCJ-5-4,
Carbohydr. Polym. 87 (1) (2012) 218-226.

Please cite this article in press as: K. Caicai, et al., Int. J. Biol. Macromol. (2017), https://doi.org/10.1016/j.ijbiomac.2017.10.139



https://doi.org/10.1016/j.ijbiomac.2017.10.139
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0005
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0010
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0015
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0020
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0025
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0030
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0035
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0040
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0045
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0050
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0055
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0060
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0065
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0070
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0075
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0080
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0085
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0090
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0095
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0100
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0105
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0110
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0115
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0120
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0125
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0130
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0135
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0140

ARTICLE IN PRESS

K. Caicai et al. / International Journal of Biological Macromolecules xxx (2017 ) XXxX—xXX 9

[29] M. Kacurakova, P. Capek, V. Sasinkova, N. Wellner, A. Ebringerova, FT-IR study
of plant cell wall model compounds: pectic polysaccharides
andhemicelluloses, Carbohydr. Polym. 43 (2000) 195-203.

[30] M.A. Coimbra, F. Goncalves, A.S. Barros, 1. Delgadillo, Fourier
transforminfrared spectroscopy and chemometric analysis of white wine
polysaccharide extracts, ]. Agric. Food Chem. 50 (2002) 3405-3411.

[31] S.Jia, H. Yu, Y. Lin, Y. Dai, Characterization of extracellular polysaccharides
from Nostoc flagelliforme cells in liquid suspension culture, Biotechnol.
Bioprocess Eng. 12 (2007) 271-275.

[32] L.M. Hao, Z.C. Sheng, J.K. Lu, R.Y. Tao, S.R. Jia, Characterization and antioxidant
activities of extracellular and intracellular polysaccharides from Fomitopsis
pinicola, Carbohydr. Polym. 141 (5) (2016) 54-59.

[33] J.K. Yan, L. Li, ZM. Wang, P.H. Leung, W.Q. Wang, ].Y. Wu, Acidic degradation
and enhanced antioxidant activities of exopolysaccharides from Cordyceps
sinensis mycelial culture, Food Chem. 117 (2009) 641-646.

[34] D.M. Liu, J.W. Sheng, Z]. Li, H.M. Qi, Y.L. Sun, Y. Duan, W.F. Zhang, Antioxidant
activity of polysaccharide fractions extracted from Athyrium multidentatum
(Doll.) Ching, Int. J. Biol. Macromol. 56 (2013) 1-5.

[35] F. Shahidi, J.K.V. Arachchi, Y. Jeon, Food applications of chitin and chitosans,
Trends Food Sci. Technol. 10 (2) (1999) 37-51.

[36] R. Xing, S. Liu, Z. Guo, H. Yu, P. Wang, C. Li, Z. Li, P. Li, Relevance of molecular
weight of chitosan and its derivatives and their antioxidant activities in vitro,
Bioorg. Med. Chem. 13 (5) (2005) 1573-1577.

[37] H. Chen, X. Xu, Y. Zhu, Optimization of hydroxyl radical scavenging activity of
exopolysaccharides from Inonotus obliquus in submerged fermentation using
response surface methodology, ]. Microbiol. Biotechnol. 20 (2010) 835-843.

[38] B. Halliwell, J.M.C. Gutteridge, Oxygen toxicology, oxygen radicals, transition
metals and disease, J. Biochem. 219 (1984) 1-4.

[39] AX. Luo, X.-J. He, S.D. Zhou, Y.J. Fan, A.S. Luo, Z. Chun, Purification,
composition analysis and antioxidant activity of the polysaccharides from
Dendrobium nobile Lindl, Carbohydr. Polym. 79 (2010) 1014-1019.



https://doi.org/10.1016/j.ijbiomac.2017.10.139
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0145
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0150
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0155
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0160
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0165
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0170
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0175
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0180
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0185
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0190
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195
http://refhub.elsevier.com/S0141-8130(17)30620-7/sbref0195

	Isolation, purification and antioxidant activity of polysaccharides from the leaves of maca (Lepidium Meyenii)
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.2 Extraction of crude MLPs
	2.3 Purification of MLPs
	2.4 General analysis
	2.5 Analysis of monosaccharide compositions
	2.6 Molecular weight determination
	2.7 FT-IR and UV spectroscopy analysis
	2.8 Assay of antioxidant activities in vitro
	2.8.1 Hydroxyl radical (OH) scavenging activity
	2.8.2 Superoxide anion radical (O2−) scavenging activity
	2.8.3 DPPH radical scavenging activity

	2.9 Statistical analysis

	3 Results and discussion
	3.1 Isolation and purification of crude MLPs
	3.2 Monosaccharides composition and average molecular weight
	3.3 FT-IR and UV spectra analysis of MLP-1 and MLP-2
	3.4 In vitro antioxidant activities
	3.4.1 Scavenging ability on hydroxyl radicals
	3.4.2 Scavenging ability on superoxide radicals
	3.4.3 Scavenging ability on DPPH radicals


	4 Conclusions
	Acknowledgments
	References


