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ARTICLE INFO ABSTRACT
Artic{e history: Background: Species of phylum Basidiomycota are of great interest in many studies as a source of valuable
Received 20 June 2013 biological compounds.

Accepted 29 October 2013 Aims: To estimate the levels of antioxidant compounds (phenolic acids, indole compounds and sterols)

in edible species of Aphyllophorales (sensu lato): Hydnum repandum L. and Sparassis crispa (Wulf.) Fr.
Key}"/‘_)rds-' Methods: A reversed-phase high performance liquid chromatography (RP-HPLC) method was used for
Basidiomycota the quantitative and qualitative analyses of antioxidant components (phenolic acids, indole compounds,
Indole Fompounds and sterols).
Phenolic acids . . .
Sterols Results: Analysis of phenolic acids revealed that 8 out of the 10 analyzed compounds were present.
The quantitatively predominant in Hydnum repandum was protocatechuic acid (75.23 mg/100g DW),

and in Sparassis crispa it was p-hydroxybenzoic acid (43.92 mg/100 g DW). In turn, analysis of indole
compounds identified 5 out of the 12 analyzed compounds: indole, melatonin, serotonin, tryptamine, and
L-tryptophan. Moreover, ergosterol was also identified and quantitatively determined (150.37 mg/100 g
DW) in Sparassis crispa extracts.
Conclusions: The data presented in this paper confirm the significant potential of chemical components
with recognized antioxidant activity. The species can be considered as an alternative source of phenolic
acids and ergosterol.

© 2013 Revista Iberoamericana de Micologia. Published by Elsevier Espafia, S.L.U. All rights reserved.

Compuestos antioxidantes en setas autéctonas comestibles del antiguo orden
Aphyllophorales

RESUMEN

Palabras clave: Antecedentes: Los hongos del filo Basidiomycota son de gran interés en diversas investigaciones por ser
Basidiomycota una fuente de compuestos biol6gicos valiosos.
Compuestos de indol Objetivos: Determinar los niveles de compuestos antioxidantes (4cidos fenélicos, compuestos de indol y
E\;lzl;)osl;inohcos esteroles) en las especies comestibles de Aphyllophorales (sensu lato) Hydnum repandum L. y Sparassis
crispa (Wulf.) Fr.
Métodos: El método RP-HPLC se empled en el andlisis cuantitativo y cualitativo de los siguientes compo-
nentes con actividad antioxidante: acidos fenélicos, compuestos de indol y esteroles.
Resultados: El analisis de los acidos fenélicos revelé que 8 de los 10 compuestos analizados estaban
presentes. El dcido cuantitativamente predominante en Hydnum repandum era el acido protocatéquico
(75,23 mg/100g DW) y en Sparassis crispa el acido p-hidroxibenzoico (43,92 mg/100g DW). A su vez,
el andlisis de compuestos de indol identificé 5 de los 12 compuestos en estudio: indol, melatonina,
serotonina, triptamina y L-tript6fano. Por otra parte, en los extractos de Sparassis crispa se determind
también cuantitativamente la presencia de ergosterol (150,37 mg/100 g DW).
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Conclusiones: Los datos presentados en este trabajo confirman el gran potencial de los componentes
quimicos con actividad antioxidante reconocida. Las especies pueden ser consideradas como una fuente
alternativa de acidos fendlicos y ergosterol.

© 2013 Revista Iberoamericana de Micologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos

reservados.

The role of antioxidants in the prevention of oxidative stress and
associated diseases has led to the search for new, safe and natural
sources of antioxidants. Edible mushrooms can be used directly in
the human diet to combat oxidative stress, while inedible species
represent a source of extractable phenolic compounds for use
either as additives in the food industry or as components in phar-
maceutical formulations because of their well-known antioxidant
properties.!?> The antioxidants found in mushrooms are mainly
phenolic compounds, but there are also carotenoids, flavonoids,
indole compounds, vitamins and sterols.®

The object of the present study were two wild edible mush-
rooms: Hydnum repandum L. (Hydnaceae) and Sparassis crispa
(Wulf.) Fr. (Sparassidaceae) commonly growing in Polish forests.
These species belong to the artificial taxon known as Aphyl-
lophorales.

The aim of the study was to determine the levels of antioxidant
compounds in extracts of fruiting bodies. This study is a contin-
uation of an extensive analysis of the chemical composition of
mushrooms to confirm their usefulness as potential sources of com-
pounds with antioxidant properties.!?1>19 As far as we know, our
study is the first where sterols and indole compounds have been
described in the examined fungi species.

Materials and methods
Fungal materials

Samples of mushrooms were collected in 2008-2010 in mixed
forests of northern Poland. The mature fruiting bodies were
lyophilized at temperature —40°C. Taxonomic identification was
conducted according to Gumifiska and Wojewoda.” Representative
voucher samples are deposited in the Department of Pharmaceuti-
cal Botany UJCM, Krakéw, Poland.

Determination of phenolic acids

Five grams of powdered mushroom material were hydrol-
ysed with 2M hydrochloric acid for 2h at 100°C. Hydrolysates
were extracted with 50ml of ethyl acetate and concentrated
to dryness in a rotary vacuum evaporator (Biichi, Germany) at
40°C. The HPLC method was performed according to Ellnain-
Wojtaszek and Zgérka.> HPLC analyses were conducted using an
HPLC VWR Hitachi-Merck apparatus: autosampler L-2200, pump
L-2130, LiChrospher RP-18e column (250 mm x 4 mm, 5 um) ther-
mostated at 25°C, column oven L-2350, diode array detector
L-2455 at UV range 200-400 nm. The mobile phase consisted of
solvent A: methanol/0.5% acetic acid 1:4 (v/v), and solvent B:
methanol. The gradient was as follows: 100:0 for 0-25 min; 70:30
for 35min; 50:50 for 45min; 0:100 for 50-55min; 100:0 for
57-67 min. Phenolic acid standards of ferulic, p-hydroxybenzoic,
and vanillic acids were from Fluka (Chemie AG), and those of caf-
feic, chlorogenic, cinnamic, o-coumaric, protocatechuic, sinapic,
and syringic acids were from Sigma (St. Louis, USA). The quan-
titative analysis of phenolic acids was performed with the use
of a calibration curve with the assumption of the linear size of
the area under the peak and the concentration of the reference
standard. Three calibration curves for each reference standard were

prepared using the following concentrations: 0.5, 0.125, 0.0625,
0.03125, 0.015625 mg/ml.

Determination of indole derivatives

Five grams of powdered mushroom material were extracted
with 100 ml of methanol for 2 h on a magnetic stirrer at 22 +2°C.
Mixed extracts (500ml) were concentrated to dryness using a
rotary vacuum evaporator at 22 + 2 °C. The HPLC method was per-
formed according to the procedure described by Muszyfska.!'®
HPLC analyses were conducted using a Hitachi apparatus with
an L-7100 pump, L-7400 UV Detector (A =280 nm) and Purospher
RP-18e column (250 mm x 4mm, 5um) thermostated at 25°C.
The mobile phase was composed of methanol/water/ammonium
acetate 15:14:1 (v/v/v). Indole standards: L-tryptophan, 5-
hydroxytryptophan, 5-methyltryptophan, serotonin, melatonin,
tryptamine, 5-methyltryptamine, kynurenine, indole-3-acetic acid,
3-indoleacetonitrile, indole and indole-acetamide were from
Sigma-Aldrich (Germany).

Determination of sterols

Five grams of each powdered mushroom were mixed with
100 ml of a 75:25 (v/v) mixture of methanol and dichloromethane,
followed by sonication for 10 min and centrifugation at 10000 rpm
for 5 min. Merged extracts (300 ml) were concentrated to dryness
using a rotary vacuum evaporator at 22 + 2 °C. The HPLC method
was performed according to the procedure developed by Yuan.2?
The mobile phase consisted of solvent A: methanol/water 20:80
(v/v), and solvent B: methanol/dichloromethane 75:25 (v/v). A gra-
dient procedure was used as follows: starting at sample injection,
60% of B for 5 min; a linear gradient from 60 to 100% of B for 10 min;
and 100% of B for 10 min. The flow rate was 1.0 ml/min. The chro-
matographic peaks were recorded at a wavelength of 280 nm to
facilitate the detection of ergosterol and 266 nm for ergocalciferol.
Sterol standards, ergosterol, and ergocalciferol were obtained from
Fluka. The quantitative analysis of ergosterol was performed with
the use of a calibration curve with the assumption of the linear size
of the area under the peak and the concentration of the reference
standard. Three calibration curves for each reference standard were
prepared using the following concentrations: 0.5, 0.125, 0.0625,
0.03125, 0.015625 mg/ml.

Statistical analysis

All the analyses were performed in triplicate and the results
were presented as mean values with standard deviations. The
differences in appropriate chemical compound contents between
species were compared by ANOVA at significant level p <0.05.

Results and discussion

The results of the performed analyses are shown in Table 1.
Among the 10 studied phenolic acids, five of them were detected
in the extracts from the fruiting body of H. repandum; additionally,
cinnamic acid was identified. However, seven phenolic acids were
found in similar extracts of S. crispa. The total amounts of phenolic
acids and cinnamic acid were 97.96 and 85.65 mg/100g DW in H.
repandum and S. crispa, respectively (Fig. 1).
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Table 1
Amounts (mg/100 g DW) of antioxidant compounds in extracts of Hydnum repandum
and Sparassis crispa species.

Metabolites Hydnum repandum Sparassis crispa

Indole compounds
Indole 0.13+£0.05 1.7+0.02°
Melatonin 0.32+0.28 0.26 +£0.08
Serotonin nd nd
Tryptamine 1.46+1.05 0.43+0.11
L-Tryptophan 0.37 £0.09 nd

Phenolic acids
Gallic acid 9.16+£0.12 12.27+0.34
Gentisic acid 4.03+0.11° 0.1+0.01°
p-Hydroxybenzoic acid nd 4392+04
Caffeic acid nd 0.1+0.16
o-Coumaric acid nd 245+0.21
Protocatechuic acid 75.23+0.02° 24.55+0.3
Syryngic acid 1.41+0.21 2.26+0.02
Vanillic acid 4.60+0.56 nd
Cinnamic acid 3.53+0.01 nd

Sterols
Ergosterol nd 150.37+0.3
Ergocalciferol nd nd

Values are means of three experiments + SD.
nd - not detected.

" Significant differences at p <0.05.

The analysis of phenolic acids presented here is a supple-
mentation of earlier studies conducted by Barros et al.* Phenolic
acids derived from benzoic and cinnamic acids (7.40 mg/100 g DW)
were detected in extracts from the fruiting bodies of mushrooms
collected in Portugal. In the fruiting bodies of H. repandum, gal-
lic acid predominated (4.17 mg/100g DW).* Our studies on H.
repandum have proved the presence of the above-mentioned phe-
nolic acids, i.e., gallic and protocatechuic (the highest levels being
75.23 mg/100 g DW), as well as cinnamic acid. Additionally other
phenolic acids, not mentioned by Puttaraju, were detected: i.e.
gentisic, syringic, and vanillic acids.'® Previous chemical analy-
ses of S. crispa had shown the presence of numerous phenolic
acids in the fruiting bodies, with the highest levels of benzoic
acid (0.348 mg/100g DW).10.18 In our studies of S. crispa extracts,
the presence of the following acids was confirmed: gallic, gen-
tisic, p-hydroxybenzoic, caffeic, o-coumaric, protocatechuic and
syringic acids; p-hydroxybenzoic acid was the dominant one
(43.92mg/100g DW). Qualitative and quantitative differences in
the levels of phenolic compounds in mushroom fruiting bodies
might be the result of dissimilar genetic parameters, specific sites
where they were acquired, variations in environmental conditions
during growth and maturation, and air pollution.
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Fig. 1. Total amounts of indole compounds, phenolic acids and ergosterol in the
fruiting bodies of Hydnum repandum and Sparassis crispa (mg/100 g DW).
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Fig. 2. HPLC chromatogram of the Sparassis crispa fruiting bodies extract
(1) tryptamine, (2) melatonin, (3) (indole).

Among the 12 indole compounds analyzed, four of them were
detected in the extracts from H. repandum as well as in those of
S. crispa; i.e. indole, melatonin, tryptamine and L-tryptophan. In
addition, trace amounts of serotonin were detected in H. repan-
dum. The total amounts of indole compounds were similar (2.28
and 2.39 mg/100 g DW in H. repandum and S. crispa extracts, respec-
tively) (Fig. 1). A representative chromatogram is presented in
Fig. 2.

Our previous study concerned on the concentrations of non-
hallucinogenic indole compounds in the fruiting bodies of edible
mushrooms. In the methanolic extracts of Armillaria mellea, Agar-
icus bisporus, Boletus edulis, Boletus badius, Cantharellus cibarius,
Lactarius deliciosus, Leccinum rufum, Pleurotus ostreatus, Suillus
luteus, and Tricholoma equestre, the amounts of indole compounds
ranged from 0.01 to 34.11 mg/100g DW. Serotonin, tryptamine
and methyltryptamine were present in the highest quantities.!4-16
The present study is the first one in which indole compounds in
H. repandum and S. crispa have been examined, and the results
show much lower quantities of the components previously stud-
ied in edible species.!” Only tryptamine in H. repandum and indole
in S. crispa were at certain levels that suggested that these mush-
rooms might be a potential source of these medicinally important
compounds. Tryptamine is found in trace amounts in the brains
of mammals and is believed to play a role as a neuromodulator or
neurotransmitter.8211

Ergosterol was the only representative of the analyzed com-
pounds with a sterol structure, and was detected in high amount
in S. crispa extracts (150.37 mg/100g DW) (Fig. 1). It is the main
constituent of mushroom cell membranes. The highest levels of
ergosterol have been noted in saprophytic fungi and may constitute
up to 83-89% of the entire amount of sterols.

Studies on the sterol concentration in certain higher mush-
rooms have shown that the overall sterol levels ranged from 625
to 774mg/100g DW. To compare, the average ergosterol level
in genus Lactarius is 296-300mg/100g DW, and in Cantarellus
304-377 mg/100g DW.12

Other studies have shown the occurrence of ergosterol in
numerous wild-grown and cultivated edible mushrooms belong-
ing to Ascomycota and Basidiomycota.? Quantitative analysis with
HPLC has confirmed the presence of ergosterol (55-352mg/100g
DW) in fruiting bodies and also proved that ergosterol is accumu-
lated in significant amounts. Our research has shown that S. crispa is
an example of fungi with a significant ergosterol content in fruiting
bodies.

Conclusions

The wild mushrooms studied in this project contain important
antioxidant molecules that could play a protective role in dis-
eases related to oxidative stress, such as cancer and cardiovascular
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eases and can be considered as potential sources of phenolic

acids and ergosterol.

Conflict of interest

The authors declare they have no conflict of interest.

References

. Antonieta M, Brizuela MA, Garcia L, Pérez L, Mansur M. Basidiomycetes: a new

source of secondary metabolites. Rev Iberoam Micol. 1998;15:69-74.

. Ayala-Zavala JF, Silva-Espinoza BA, Cruz-Valenzuela MR, Villegas-Ochoa MA,

Esqueda M, Gonzalez-Aguilar GA, et al. Antioxidant and antifungal potential
of methanol extracts of Phellinus spp. from Sonora, Mexico. Rev Iberoam Micol.
2012;29:132-8.

. Barreira JC, Oliveira MB, Ferreira IC. Development of a novel methodol-

ogy for the analysis of ergosterol in mushrooms. Food Anal Method. 2013,
http://dx.doi.org/10.1007/s12161-013-9621-9.

. Barros L, Duenas M, Ferreira IC, Baptista P, Santos-Buelga C. Phenolic acids deter-

mination by HPLC-DAD-ESI/MS in sixteen different Portuguese wild mushrooms
species. Food Chem Toxicol. 2009;47:1076-9.

. Ellnain-Wojtaszek M, Zgérka G. High-performance liquid chromatography and

thin-layer chromatography of phenolic acids from Ginkgo biloba L. leaves col-
lected within vegetative period. ] Liq Chrom Rel Technol. 1999;22:1459-71.

. Ferreira IC, Barros L, Abreu RM. Antioxidants in wild mushrooms. Curr Med

Chem. 2009;16:1543-60.

. Gumifska B, Wojewoda W. Grzyby i ich oznaczanie. Fungi and their identifica-

tion [Polish]. Warszawa: PWRIL; 1988.

. Jones RS. Tryptamine: a neuromodulator or neurotransmitter in mammalian

brain? Prog Neurobiol. 1982;19:117-39.

9. Juorio AV, Durden DA. The distribution and turnover of tryptamine in the brain

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

and spinal cord. Neurochem Res. 1984;9:1283-93.

Kim MY, Seguin P, Ahn JK, Kim ]JJ, Chun SC, Kim EH, et al. Phenolic compound
concentration and antioxidant activities of edible and medicinal mushrooms
from Korea. ] Agric Food Chem. 2008;56:7265-70.

Martin WR, Sloan JW. Effects of infused tryptamine in man. Psychopharmacolo-
gia. 1970;18:231-7.

Mattila P. Sterol and vitamin D2 contents in some wild and cultivated mush-
rooms. Food Chem. 2002;76:293-8.

Muszynska B, Sutkowska-Ziaja K, Ekiert H. An antioxidant in fruit-
ing bodies and in mycelia from in vitro cultures of Calocera viscosa
(Basidiomycota)—preliminary results. Acta Pol Pharm. 2012;69:135-8.
Muszyiska B, Sutkowska-Ziaja K, Ekiert H. Analysis of indole compounds in
fruiting bodies of Armillaria mellea fruiting bodies. Acta Pol Pharm. 2011;68:
93-7.

Muszynska B, Sutkowska-Ziaja K, Ekiert H. Indole compounds in fruiting bodies
of some edible Basidiomycota species. Food Chem. 2011;125:1306-8.
Muszynska B, Sutkowska-Ziaja K, Ekiert H. Indole compounds in some culi-
nary — medicinal higher basidiomycetes from Poland. Int ] Med Mushrooms.
2011;13:449-54.

Muszynska B, Sutkowska-Ziaja K, Ekiert H. Indole compounds in fruiting bodies
of some selected Macromycetes species and in their mycelia cultured in vitro.
Pharmazie. 2009;64:479-80.

Puttaraju NG, Venkateshaiah SU, Dharmesh SM, Urs SM, Somasundaram R.
Antioxidant activity of indigenous edible mushrooms. ] Agric Food Chem.
2006;54:9764-72.

Sutkowska-Ziaja K, Muszynska B, Motyl P, Pasko P, Ekiert H. Phenolic compounds
and antioxidant activity in some species of polyporoid mushrooms from Poland.
Int ] Med Mushrooms. 2012;14:385-93.

Yuan JP, Kuang HC, Wang JH, Liu X. Evaluation of ergosterol and its esters in
the pileus, gill, and stipe tissues of agaric fungi and their relative changes in the
comminuted fungal tissues. Appl Microbiol Biotechnol. 2008;80:459-65.


http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0005
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0010
dx.doi.org/10.1007/s12161-013-9621-9
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0020
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0025
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0030
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0035
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0040
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0045
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0050
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0055
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0060
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0065
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0070
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0075
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0080
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0085
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0090
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0095
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100
http://refhub.elsevier.com/S1130-1406(14)00016-3/sbref0100

	Antioxidant components of selected indigenous edible mushrooms of the obsolete order Aphyllophorales
	Materials and methods
	Fungal materials
	Determination of phenolic acids
	Determination of indole derivatives

	Determination of sterols
	Statistical analysis

	Results and discussion
	Conclusions
	Conflict of interest
	References


