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In this  study,  the total  phenolic  content,  the antioxidant  activity  and  toxicity  of selected  Greek  medicinal
aromatic  namely  Melissa  officinalis  L., Origanum  vulgare  L.,  Origanum  dictamnus  L., Salvia  officinalis  L.  and
Hyssopus  officinalis  L., were  investigated  under  three  different  extraction  processes.  Among  the plants
studied,  Melissa  officinalis  L. showed  the highest  values  in  total  phenolic  content  (0.985  ±  0.001  mg  caffeic
acid/mL)  and  antioxidant  activity  (6.61  ±  0.04  �mol Trolox/mL)  independently  of  the  extraction  process.
Toxicity  evaluation  of  the infusions  prepared  in concentrations  contained  in commercial  portions  showed
amiaceae
ynergism
otal phenolic content
ntioxidant activity

that  inhibition  values  of  Origanum  vulgare  L. and Origanum  dictamnus  L. were  greater  than  20%  thus
further  research  is necessary.  Although  toxicity  of  plant  extracts  examined  is  not  correlated  to  their  total
phenolic  content  and antioxidant  activity,  it was  linked  to the  interaction  of  water  soluble  and  volatile
organic  compounds.  Interaction  of  water  soluble  and  volatile  organic  compounds  was  evaluated  through
the  estimation  of synergism  ratios  (SR),  where  Origanum  vulgare  L., presented  the  maximum  synergism
(SR  =  4.2)  in  toxicity.
. Introduction

The importance of dietary antioxidant components for the
revention of some diseases and health quality improvement
as attracted much research attention through the last decade
Alvarado et al., 2006; Blasa et al., 2010; Pérez-Jiménez et al., 2008;
urkmen et al., 2005; Wootton-Beard and Ryan, 2011). Vegetables
nd herbal infusions have been recognized as important sources of
ntioxidants (Alarcón et al., 2008; Almajano et al., 2008; Chan et al.,
010). Total phenolic content, antioxidant activity and antimicro-
ial activity of herbal extracts are of particular interest to food

ndustry which is looking for plant extracts with significant antimi-
robial activity to be used as alternatives to conventional food
reservatives (Almajano et al., 2008; Madsen and Bertelsen, 1995;
horsen and Hildebrandt, 2003).

Plant extracts obtained by different solvents and several extrac-
ion techniques are mixtures of numerous compounds. Their
ossible biological activity as mixtures is being investigated
hrough various screening models such as plant (Bouchagier et al.,

008; Bouchagier and Efthimiadis, 2010), bioassays (Daferera et al.,
003), tissue or cell culture (Wang et al., 2011), receptor enzyme

∗ Corresponding author. Tel.: +30 210 529 4262; fax: +30 210 529 4265.
E-mail address: ptara@aua.gr (P.A. Tarantilis).
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© 2013 Elsevier B.V. All rights reserved.

(Peelman et al., 2006) and biochromatography (He et al., 2008;
Kotecha et al., 2007; Kvalheim et al., 2011).

Aqueous herbal extracts have attracted attention since they
can be consumed in a daily basis as decoctions. Many Lami-
aceae extracts are extensively used in traditional diet and popular
medicine (Barros et al., 2011; Carrió and Vallès, 2012; Degner et al.,
2009; Liolios et al., 2010; Nedorostova et al., 2009; Noorbala et al.,
2005). Their therapeutic actions are assigned to biologically active
polyphenol components, such as flavonoids and phenolic acids,
which possess antioxidant activities (Pietta, 2000; Surveswaran
et al., 2007; Zheng and Wang, 2001). However, attention should
be given in case of high doses (Tajkarimi et al., 2010), since their
toxicity has not yet been fully elucidated. Conforti et al. (2008)
introduced Microtox® test as an evaluation tool for toxicity esti-
mation of dietary plants extracts.

Microtox® analyzer uses the marine bioluminescent bacteria
Vibrio fischeri as a reference test species and provides a sensitive,
rapid, cost effective and reproducible method for the estimation of
toxicity of toxicity of single compounds and mixtures of organic
and inorganic compounds (Backhaus et al., 2000; Fulladosa et al.,
2005; Hernando et al., 2007; Park and Que Hee, 2001), biomaterials
(Bulich et al., 1990; Burton et al., 1986), without raising any ethical

considerations (Conforti et al., 2008; Cotou et al., 2002; Parvez et al.,
2006; Shettlemore and Bundy, 2002; Zhao et al., 1998). Conforti
et al. (2008) were the first to propose its use to determine toxicity of
herbal infusions and decoctions and evaluate interaction between

dx.doi.org/10.1016/j.indcrop.2013.12.013
http://www.sciencedirect.com/science/journal/09266690
http://www.elsevier.com/locate/indcrop
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ater soluble and volatile compounds extracted by a non-polar
rganic solvent.

Recently, there is, also, an increasing interest in the evaluation
f potential synergism or antagonism in antimicrobial activity (Al-
ayati, 2008; Endo et al., 2010; Hemaiswarya and Doble, 2009;
oon et al., 2011; Ncube et al., 2012) and antioxidant activity

Romano et al., 2009) of single compounds or mixtures. Biolumi-
escence inhibition test using Vibrio sp. has been used by Zhang
t al. (2011) for the evaluation of toxicity antagonism or synergism
n mixtures.

In the present work, aqueous extracts of medicinal and aromatic
lants of Lamiaceae family, namely Melissa officinalis L., Origanum
ulgare L., Origanum dictamnus L., Salvia officinalis L. and Hysso-
us officinalis L., were screened in reference to their total phenolic
ontent, antioxidant activity and toxicity, as they are representa-
ive species of the Mediterranean flora. The aim of this study is to
nvestigate a possible correlation between total phenolic content,
ntioxidant activity and toxicity and the interaction of water sol-
ble and volatile organic compounds of the plant species extracts
xamined.

. Materials and methods

.1. Plant material

Air dried samples (harvest 2010) of the Lamiaceae family
ere offered by Aetoloakarnania’s Rural Cooperative of Aro-
atic, Pharmaceutical and Energy Plant Cultivators (Agrotikos

yneterismos Kalliergiton Aromatikon, Farmakeftikon, Energiakon
yton Aetoloakarnanias, ASKAFEFA), Greece. These samples were,
amely, lemon balm (Melissa officinalis L.), sage (Salvia officinalis
.), oregano (Origanum vulgare L.; chemotype carvacrol), and hyssop
Hyssopus officinalis L.). Dittany (Origanum dictamnus L.; chemotype
arvacrol) was supplied from the local market in Crete, Greece. Only
he leaves were used, except oregano and hyssop, for which leaves
nd flowers were used together. Dry plant material was stored at
20 ◦C until used.

.2. Materials

2,2-Azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
iammonium salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH),
ere purchased from Sigma–Aldrich (St. Louis, MO,  USA). Folin-
iocalteau phenol reagent, potassium persulfate (K2S2O8), sodium
arbonate (Na2CO3), absolute ethanol and petroleum ether 40–60◦

ere supplied by Merck KGaA (Darmstadt, Germany), Trolox
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) and
affeic acid were purchased from Aldrich (Steinheim, Germany).

Toxicity tests were performed using the Microtox® Toxicity ana-
yzer model 500, equipped with 30 temperature controlled wells
egulated at 15 ◦C in addition with a reactivation well regulated at
◦C used to store the bacteria suspension before dilution. Acute

oxicity reagents such as Diluent (sterile 2% sodium chloride), OAS
osmotic adjusting solution 22% sodium chloride), reconstitution
olution and test organisms V. fischeri,  formerly known as Photobac-
erium phosphoreum,  NRRL No B-11177 were supplied by Strategic
iagnostic INC.

.3. Preparation of extracts

For total phenolic content and antioxidant activity assessment
ests, the extracts were prepared by adding 2 g of individual freshly

rushed herb (n = 5) in 200 mL  (1 cup) deionized water and steeped
nder three different processes. (a) at 85 ◦C, (b) at room tempera-
ure and, (c) at room temperature with the assistance of ultrasound
ater bath (35 MHz). Each treatment lasted for 15 min. The herbal
d Products 53 (2014) 46– 54 47

infusions were then filtered through a Whatman filter No. 1. Prior
to analysis, an aliquot was further filtrated with a PTFE filter with
0.45 �m pore size.

For toxicity determination, infusions were prepared as above
and were then filtrated through a nylon 0.2 �m membrane filter,
in order to remove any suspended material that may  interfere with
luminescence readings (Parvez et al., 2006).

Total phenolic content, antioxidant activity and toxicity deter-
mination was  performed for all plant species. All the infusions
described above were then extracted three times with petroleum
ether in order to further analyze the aqueous phase derived from
this extraction. Three individual preparations for each extract were
prepared.

2.4. Determination of total phenolic content

Total phenolic content was  determined in herbal infusions prior
and after extraction with petroleum ether using Folin-Ciocalteu
assay (Singleton et al., 1999), with some modifications. Thus 100 �L
of each tested infusion, 500 �L of Folin-Ciocalteu reagent and 6 mL
of deionized water were transferred in a 10 mL  flask and mixed
thoroughly. After 3 min, 1.5 mL of 20% Na2CO3 was added in the
flask which was  filled to 10 mL  with water. After two hours stand-
ing, absorbance was measured at 725 nm.  Caffeic acid was  used as a
standard (0–500 mg/L) and the results were expressed as mg  caffeic
acid per mL.  All measurements were performed in triplicate.

2.5. Determination of antioxidant activity

Herbal infusions were examined for antioxidant activity prior
and after extraction with petroleum ether applying both the
ABTS assay 2,2-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (Ree et al., 1999) and the DPPH assay 2,2-
diphenyl-1-picrylhydrazyl radical (Surveswaran et al., 2007) with
some modifications.

The ABTS radical cation (ABTS•+) solution was  prepared by
the reaction of 7 mM ABTS and 2.45 mM potassium persulphate,
after incubation at room temperature in the dark for 12–16 h.
The (ABTS•+) solution was then diluted with ethanol to obtain an
absorbance of 0.700 ± 0.020 at 734 nm.  After the addition of 3.0 mL
of diluted (ABTS•+) solution (A734 nm = 0.700 ± 0.020) to 30 �L of
extracts, the absorbance reading was acquired at 30 ◦C exactly
t = 6 min  after initial mixing (Asample). Absorbance of control (3.0 mL
(ABTS•+) solution with 30 �L water) was recorded in advance
(Acontrol). The percentage of absorbance inhibition at 734 nm was
calculated using the formula:

Inhibition (%) =
[

Acontrol − Asample

Acontrol

]
× 100

where Acontrol and Asample are the absorbance values of the control
and the test sample at t = 6 min, respectively.

A standard curve was  obtained by using Trolox standard solu-
tion at various concentrations (ranging from 0 to 15 �M final
concentration) in ethanol. The inhibition percentage of the test
samples was  compared to that of the Trolox standard and the results
were expressed in terms of Trolox Equivalent Antioxidant Capac-
ity (TEAC), as mmol  Trolox equivalents per mL. All determinations
were carried out three times.

The DPPH radical (DPPH•) solution (60 �M)  was prepared in
ethanol. The DPPH• solution had an absorbance of 0.680 ± 0.050
at 515 nm.  A volume of 3.0 mL  of the DPPH• solution was  mixed

with 30 �L of the tested extracts. The resulting solution was vig-
orously mixed, incubated at room temperature in the dark for
30 min  and the absorbance was  recorded at 515 nm. The percent-
age of absorbance inhibition at 515 nm was  calculated as above.
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 Trolox standard curve was obtained as above. The results were
lso expressed as TEAC units (�mol  Trolox equivalents per mL.  All
eterminations were carried out three times.

.6. Toxicity test

Toxicity assessment of the plant extracts was performed accord-
ng to a protocol known as Basic Test 81.9% (AZUR, 1997) applied for
queous samples, but with appropriate primary dilution of samples
n order that the EC50 (Effective Concentration where biolumines-
ence inhibition is 50%) could be obtained without extrapolation of
ata. A dilution factor 2.0 was used. Activated bacteria were used
ithin 1–2 h after reconstitution, stirred sufficiently before each

est. Test performance and sensitivity were monitored with a phe-
ol standard solution. pH was tested in all the samples to ensure
hat values were in the range of 6–8.

Dilutions and assays were performed in incubator wells at
5 ± 0.5 ◦C. Color correction, by measuring testing sample and dilu-
ions absorbance at 490 nm (Ashworth et al., 2010) was not applied
hile the absorbance values of all samples tested was negligible.

Toxicity estimations were obtained after 15 min  exposure and
xpressed as EC50 value, at which 50% loss of luminescence is
btained. EC20 values (sample concentration that gives 20% lumi-
escence inhibition) were also calculated, as described below.

Effect estimation includes the correction factor (Rt) which is
he fraction obtained when the light output of the Control (Blank)
emaining after time t (It) is divided by the initial light output of
he untreated Control (Blank) (I0):

t = It
I0

 Bioluminescence inhibition = 100 × Ec − Ei

Ec

here Ec is the light emission of control and Ei is the light emission
f sample.

 Effectt =
[

Gt

1 + Gt

]
× 100

here (G) value is the ratio of the light lost at time (t) for a given time
 to the light remaining at time (t) for a given sample concentration.

Additionally, OMNI software provided the linear correlation of
amma  (G) values with sample concentration. The relationship
etween the concentration of a toxic material and the response
f a susceptible organism, when the response is measured in terms
f Gamma  (G) values, can be described by a linear equation for the
rediction of concentration from Gamma  values:

og C = b log G + log a

This equation describes a line with a slope of b and an intercept
f log a, in which C represents concentration and G the correspond-
ng Gamma  value. EC20 concentrations were calculated by placing

 = 0.250 (effect 20%) in correlation equations. As, according to the
SO 11348 (1998) guidelines, a toxic sample shows an effect higher
han 20%, the above values are the maximum concentrations for
hich a sample can be considered as non-toxic. In case of infusions

 reference volume of 200 mL  was assumed, which is the average
up volume, and calculated the corresponding dry plant mass and
ompared to the commercial decoction portions that are available
n markets which contain usually 2 g of dry plant mass. Referring
o their use in nutrition, the corresponding dry plant masses for
regano, which is used as raw herb in salads it was  calculated

ssuming a reference volume of 500 mL  on treatment (b). In order
o approach the use of herbs in cooking processes, the reference
olume was assumed to be (5 L) and evaluated on treatment (a) for
regano and sage, respectively.
nd Products 53 (2014) 46– 54

All the assays were performed in triplicate. Final values were
calculated as an average of the values from triplicate assay.

2.7. Synergism evaluation

During the extraction procedure, a small quantity of essential
oil compounds is extracted into the infusion. The volatile organic
compounds of the essential oil in the extracts may interact with
water-soluble compounds and influence the total phenolic con-
tent, the antioxidant activity and the toxicity of samples. In order
to evaluate this possible interaction, extracts prepared of all the
three different treatments were further extracted with petroleum
ether in order to remove the volatile organic compounds and all the
assays were repeated then in triplicate. Evaluation of total pheno-
lic content, antioxidant activity and toxicity of samples before and
after the extraction with petroleum ether allowed the calculation
of synergism ratios (SR) between water soluble and volatile organic
compounds of the initial extract.

The synergism ratios (SR) were calculated as proposed by
Hewlett and Placket (1969) and used in several cases of possible
synergism evaluation (Anderson and Zhu, 2004; Otitiloju, 2002), as
follows:

SRtoxicity = EC50-pte

EC50 infusion

where EC50-pte is the EC50 of the aqueous phase after the extrac-
tion with petroleum ether, and EC50 infusion is the initial EC50 of each
infusion.

SRtotal phenolics = Total phenolic value-pte

Total phenolic valueinfusion

SRDPPH = DPPH value-pte

DPPHinfusion

SRABTS = ABTS value-pte

ABTS valueinfusion

where ‘-pte’ referred to the aqueous phase after the extraction with
petroleum ether.

2.8. Statistical analysis

Data were expressed as means ± S.D. For statistical analysis,
one-way-analysis of variance (ANOVA) was applied followed by
Tukey’s test. Differences were considered significant at p < 0.05.
Pearson’s correlation was  used to determine the correlation of
antioxidant activity and toxicity versus total phenolic content. All
statistical analyses were performed with SPSS version 14.0 statis-
tical package.

The inhibitory concentration 50% was calculated using the OMNI
software accompanying the Mictotox® analyzer by a dose-response
curve obtained by plotting the percentage of inhibition versus the
concentrations.

3. Results

3.1. Total phenolic content

Total phenolic content was  estimated in both infusions and
the aquatic phase derived from the extraction with petroleum
ether, expressed in mg of caffeic acid/mL. Estimated values of
total phenolic content varied from 0.052 to 0.985 mg  of caffeic

acid/mL (Table 1). Total phenolic content of infusions determined
in mg of caffeic acid/mL ranged between 0.197-0.985 for pro-
cess (a), 0.054–0.679 for process (b) and 0.066–0.800 for process
(c).The respective values for the aqueous phase from the extraction
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Table 1
Total phenolic content, antioxidant activity estimated by DPPH• , ABTS•+ method, and Toxicity of the examined herbs and extraction processes.

Sample Treatment Total phenolic
content
(mg  caffeic acid/mL)

Antioxidant
activity DPPH•

(�mol Trolox/mL)

Antioxidant
activity ABTS•+

(�mol  Trolox/mL)

Toxicity as EC50 (mg/mL)
after 15 min incubation
time

Lemon balm (a)a 0.985 ± 0.001f*** 6.34 ± 0.05e 6.61 ± 0.04e 119.8 ± 14.5a
(a-pte)b 0.930 ± 0.017e 6.20 ± 0.03e 6.59 ± 0.05e 210.7 ± 6.9b
(b)  0.679 ± 0.006b 3.22 ± 0.07b 3.83 ± 0.03b 200.6 ± 28.8b
(b-pte) 0.596 ± 0.001a 3.03 ± 0.09a 3.42 ± 0.02a 216.3 ± 30.3b
(c)  0.800 ± 0.002d 3.76 ± 0.05d 4.36 ± 0.02d 113.1 ± 7.9a
(c-pte) 0.724 ± 0.004c 3.38 ± 0.06c 4.18 ± 0.01c 126.9 ± 31.1a

Hyssop  (a) 0.197 ± 0.002d 1.03 ± 0.01d 1.03 ± 0.02d 38.3 ± 3.8a
(a-pte) 0.159 ± 0.004d 0.91 ± 0.01b 0.95 ± 0.02c 139.6 ± 23.0c
(b)  0.054 ± 0.002a 0.26 ± 0.03a 0.35 ± 0.02a 150.7 ± 7.0c
(b-pte) 0.052 ± 0.002b 0.20 ± 0.01a 0.36 ± 0.03a 162.8 ± 1.5c
(c)  0.066 ± 0.003b 0.25 ± 0.01a 0.43 ± 0.04b 96.1 ± 14.8b
(c-pte) 0.075 ± 0.006c 0.28 ± 0.04a 0.43 ± 0.01b 101.5 ± 25.8b

Oregano (a) 0.643 ± 0.003f 3.16 ± 0.06f 3.35 ± 0.01f 8.6 ± 1.9a
(a-pte) 0.526 ± 0.005e 2.83 ± 0.01e 2.98 ± 0.01e 36.4 ± 7.5b
(b)  0.318 ± 0.007c 1.45 ± 0.01c 1.55 ± 0.01c 41.0 ± 7.9b
(b-pte) 0.270 ± 0.006a 1.31 ± 0.01a 1.34 ± 0.01a 52.3 ± 5.8c
(c)  0.342 ± 0.006d 1.62 ± 0.03d 1.73 ± 0.01d 22.1 ± 2.8a
(c-pte) 0.288 ± 0.002b 1.38 ± 0.01b 1.44 ± 0.02b 77.7 ± 23.9d

Dittany  (a) 0.320 ± 0.001c 1.50 ± 0.01e 1.61 ± 0.01f 10.6 ± 0.3a
(a-pte) 0.257 ± 0.007b 1.14 ± 0.02d 1.56 ± 0.01e 42.9 ± 7.3b
(b)  0.142 ± 0.006a 0.77 ± 0.01b 0.85 ± 0.01c 60.5 ± 11.4b
(b-pte) 0.140 ± 0.002a 0.62 ± 0.02a 0.70 ± 0.03a 110.7 ± 5.4c
(c)  0.173 ± 0.002a 0.89 ± 0.02c 0.90 ± 0.01d 62.2 ± 7.5b
(c-pte) 0.173 ± 0.001a 0.78 ± 0.02b 0.80 ± 0.01b 96.9 ± 8.3c

Sage  (a) 0.331 ± 0.005b 1.64 ± 0.01e 1.63 ± 0.02e 52.2 ± 3.9a
(a-pte) 0.320 ± 0.010b 1.54 ± 0.01d 1.62 ± 0.03e 107.8 ± 25.7b
(b)  0.086 ± 0.005a 0.39 ± 0.02b 0.50 ± 0.02b 199.5 ± 21.4c
(b-pte) 0.083 ± 0.003a 0.33 ± 0.02a 0.45 ± 0.01a 198.8 ± 19.1c
(c)  0.102 ± 0.020a 0.42 ± 0.02c 0.62 ± 0.01d 137.2 ± 2.7b
(c-pte) 0.095 ± 0.003a 0.34 ± 0.01a 0.54 ± 0.01c 224.9 ± 5.3c

a (a) at 85 ◦C, (b) at room temperature and, (c) at room temperature with the assistance of ultrasounds.
her.
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b pte indicates the aqueous phase of infusions after extraction with petroleum et
*** Different letter indicates significant differences (p < 0.05) among treatments for

ith petroleum ether ranged between 0.159–0.930 forprocess (a-
te), 0.052–0.596 for process (b-pte) and 0.075–0.724 mg  of caffeic
cid/200 mL  for process (c-pte).

Results show that there is a scaling increase in total pheno-
ic content among the species tested. Lemon balm exhibited the
ighest phenolic content and hyssop the lowest, regardless the
xtraction procedure. Very interestingly ranking remains the same
n the aqueous phase after the extraction with petroleum ether for
ll the infusions tested (Table 1).

.2. Antioxidant activity

Antioxidant activity was determined by DPPH• method and
xpressed as �mol  Trolox/mL. The estimated values of antioxidant
ctivities by DPPH•, expressed as �mol  Trolox/mL varied from 0.35
o 6.61 (Table 1). DPPH• antioxidant activity of infusions ranged
etween 1.03–6.61 for process (a), 0.35-3.83for process (b) and
.43–4.36 �mol  Trolox/mL for process (c). The respective values
f the aqueous phase from the extraction with petroleum ether
anged between 0.95–6.59 for process (a-pte), 0.36–3.42 for process
b-pte) and 0.43–4.18 �mol  Trolox/mL for process (c-pte).

The antioxidant activity, as determined by ABTS•+ method, was
lso expressed as �mol  Trolox/mL (Table 2). Values of antioxi-
ant activity, estimated by ABTS•+, varied from 0.20to 6.34 �mol
rolox/mL (Table 1).
Lemon balm presented the highest values of antioxidant activ-
ty. The ranking of antioxidant activity values of plant extracts,
egardless the method according to which they were deter-
ined (DPPH• or ABTS•+), were found to be the same with the
me herb sample.

ranking of values of the total phenolic content for the same plant
extracts.

3.3. Toxicity

The estimated EC50 toxicity values expressed as mg/mL (Table 1)
varied from 8.61 to 224.87. Toxicity of infusions ranged between
8.61–119.75 for process (a), 40.96–200.61 for process (b) and
22.09–137.19 mg/mL  for process (c). The same values for the
aqueous phase from the extraction with petroleum ether ranged
between 36.38–210.68 forprocess (a), 52.32–216.30 for process (b)
and 77.69–224.87 mg/mL  for process (c).

Oregano presented the lowest EC50 values for all treatments.
The highest values were obtained by lemon balm in (a), (a-pte), (b),
(b-pte), and by sage in (c) and (c-pte) processes.(Table 1).

The correlation equations of Gamma  values with sample con-
centration, provided by OMNI software, allowed to calculate the
concentrations corresponding to 20% effect (Gamma  value: 0.25)
where a concentration below this value can be considered as non-
toxic. Based on the above, the non-toxic levels of dry plant mass that
can be used in diet were calculated (Table 2). In case of infusions,
dry plant mass values referred to concentrations that cause inhibi-
tion 20% were all calculated higher than 2 g except oregano (0.66 g)
and dittany (0.81 g). Referring to their use in nutrition, the corre-
sponding dry plant masses for oregano, was calculated at 6.48 g

in salads and 16.5 g in cooking process. For sage, the corresponding
value in cooking process calculated at 94.75 g. According to Table 4,
no correlation was established between toxicity and total pheno-
lic content (R = 0.002), as well as between toxicity and antioxidant
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Table 2
Concentration that causes 20% luminescence inhibition, maximum plant mass per reference volume.

Treatment Concentration that causes 20%
luminescence inhibition
(mg/mL)

Plant mass per reference
volume that cause 20%
luminescence inhibition (g)

Reference
volume

Use in diet

Lemon balm (a)a 48.00 9.60 200 mL  Decoction
(b)  92.33 18.47 200 mL  –

Hyssop  (a) 11.90 2.38 200 mL  Decoction
(b)  65.10 13.02 200 mL  –

Oregano (a) 3.29 0.66 200 mL  Decoction
16.5 5000 mL During cooking process

(b)  12.95 6.48 500 mL  Raw in salads

Dittany (a) 4.04 0.81 200 mL  Decoction
(b)  21.03 4.21 200 mL  –

Sage  (a) 18.95 3.79 200 mL  Decoction
94.75  5000 mL During cooking process

(b)  83.79 16.76 200 mL  –
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alues in Bold are those that are lower than 2(g).
a (a) at 85 ◦C, (b) at room temperature.

ctivity (R =0.008, R = 0.015 for DPPH• and ABTS•+ method respec-
ively).

.4. Interaction of water soluble and volatile organic compounds

According to the results of SR values calculation (Table 3), no
ignificant interaction was observed between volatile organic and
ater-soluble compounds regarding the total phenolic content and

he antioxidant activity (SR values 0.7–1.0). In terms of toxicity,
he maximum synergy was observed in oregano (4.2), dittany (4.1)
nd hyssop (3.6) infusions derived from process (a), indicating the
trong influence of the volatile organic compounds of each plant
o the toxicity of infusions. Between the treatments, for all species
xamined, the synergism in toxicity was more intense in process (a)
nd less intense in process (b), indicating that extraction temper-
ture influenced the toxicity of extracts mainly due to the higher
uantity of volatile organic compounds of essential oil that being
xtracted when hot water is used.
. Discussion

In all samples examined, higher levels of total phenolic content
ere obtained when infusions were prepared at high temperature,

able 3
Rtoxicity , SRtotal phenolic, SRDPPH· , SRABTS·+ indexes for the studied samples.

Sample Treatmenta SRtotal phenolic Effectb SRDPPH·

Lemon balm (a) 0.9 Synergism 1.0 

(b)  0.9 Synergism 0.9 

(c)  0.7 Synergism 0.9 

Hyssop (a) 0.9 Synergism 0.9 

(b)  1.0 Additive 0.8 

(c)  1.1 Antagonism 1.1 

Oregano (a) 0.8 Synergism 0.8 

(b)  0.8 Synergism 0.9 

(c)  0.8 Synergism 0.9 

Dittany (a) 0.8 Synergism 0.8 

(b)  1.0 Additive 0.8 

(c)  1.0 Additive 0.9 

Sage  (a) 1.0 Additive 0.9 

(b)  1.0 Additive 0.9 

(c)  0.9 Synergism 0.8 

a (a) at 85 ◦C, (b) at room temperature and (c) at room temperature with the assistance
b In case of total phenolic content and antioxidant activity, SR < 1 indicates synergism, 

c In case of toxicity, SRtoxicity < 1 indicates antagonism, SRtoxicity > 1 indicates synergism 
compared to those obtained with aqueous solvent at room tem-
perature, either with or without ultrasound assistance. Scarce
literature exists for the aqueous infusions and decoctions, since
most studies examined organic solvents for the extraction of
polyphenols from dried parts of plants (Čanadanović-Brunet et al.,
2008; Miliauskas et al., 2004; Shan et al., 2005; Kamatou et al.,
2010). In this study, total phenolics were higher in lemon balm,
followed by oregano, sage, dittany and finally hyssop. In compara-
tive studies with aqueous plant extracts, lemon balm showed the
highest phenolic content in relation to the others (Katalinic et al.,
2006; Fecka and Turek, 2007). Among infusions of 70 different
plants from Croatia, lemon balm was  also the richest in phenolic
compounds followed by sage (Katalinic et al., 2006). Ivanova et al.
(2005), found high levels of total phenolic content in oregano and
lemon balm infusions. Recently, in two studies applied the same
preparation process, herbal infusions of oregano had high levels of
phenolic content, followed by dittany and sage (Kaliora et al., 2014;
Kogiannou et al., 2013).

Regarding the antioxidant activity, lemon balm again exhibited

the highest antioxidant activity and hyssop the lowest in all three
extraction processes in both methods applied, while the activities
exhibited by sage and dittany were alike in the case of hot water
preparation. Recently, when the DPPH• method was applied, the

Effectb SRABTS·+ Effectb SRtoxicity Effectc

Additive 1.0 Additive 1.8 Synergism
Synergism 0.9 Synergism 1.1 Synergism
Synergism 1.0 Additive 1.1 Synergism

Synergism 0.9 Synergism 3.6 Synergism
Synergism 1.0 Additive 1.1 Synergism
Antagonism 1.0 Additive 1.1 Synergism

Synergism 0.9 Synergism 4.2 Synergism
Synergism 0.9 Synergism 1.3 Synergism
Synergism 0.8 Synergism 3.5 Synergism

Synergism 1.0 Additive 4.1 Synergism
Synergism 0.8 Synergism 1.8 Synergism
Synergism 0.9 Synergism 1.5 Synergism

Synergism 1.0 Additive 2.1 Synergism
Synergism 0.9 Synergism 1.0 Additive
Synergism 0.9 Synergism 1.6 Synergism

 of ultrasounds.
SR > 1 indicates antagonism and SR = 1 additive action.
and SR = 1 additive action.
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Table 4
Correlation between total phenolic content, antioxidant activity and toxicity of
plants studied.

DPPH• ABTS•+ Total phenolic
content

Toxicity

DPPH• 0.995 0.979 0.008
•+
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ABTS 0.995 0.986 0.015
Total phenolic content 0.979 0.986 0.002
Toxicity 0.008 0.015 0.002

nfusion of dittany had highest antioxidant activity against the sage
Kaliora et al., 2014). Using the ABTS•+ method, in a comparative
tudy of plants used as spices, plants of Lamiaceae family showed
igh antioxidant activity. Sage infusion felt sort by 50% of the cor-
esponding value of the oregano infusion (Shan et al., 2005). In the
resent study, the two aforementioned methods were used for the
stimation of the antioxidant activity, as there is no specific stan-
ardized method yet. Several methods have been published, as well

n vitro antioxidant activity determination protocols (Armstrong,
998; Packer and Ong, 1998; Rajalakshmi and Narasimhan, 1996).
o consistent results exist as the evaluation of antioxidant activ-

ty depends strongly on the assay being used. According to the
esults of the present study, a positive linear correlation was estab-
ished between the two  methods of antioxidant activity estimation
Table 4).

The correlation coefficient (R) for DPPH• and ABTS•+ assay was
.995. R-value was positive at the p < 0.001 significance level, indi-
ating that the values of antioxidant activities assayed by the
wo different methods were strongly correlated. Both methods
re spectrophotometry-based and are widely used to measure the
ntioxidant activity of natural extracts based on their ability to
educe the radical cation.

The effect of extracts toward DPPH• and ABTS•+ radicals indi-
ates the presence of compounds that have the ability to interact
ith the free radicals by acting as an electron donor or hydrogen

toms. Numerous studies correlate the antioxidant activity of the
lant extracts in the presence of phenolic compounds (Cai et al.,
006; Čanadanović-Brunet et al., 2008; Dorman et al., 2004; Li et al.,
008; Shan et al., 2005). However, other studies have come to oppo-
ite results (Kahkönen et al., 1999) and there are others that show
ery little correlation (Stagos et al., 2012). In the current study,
ositive correlation was also found between total phenolic content
nd antioxidant activity in all plant extracts (Table 4). The correla-
ion coefficient (R) between the antioxidant activity obtained from
BTS•+ assay and the phenolic content was 0.986 and the R between

he antioxidant activity obtained from DPPH• assay and the pheno-
ic content was 0.979, which indicates that high levels of phenolic
ontent correlate to higher antioxidant activity.

It appears that phenolic compounds extracted depend on plant
pecies (Tavassoli and Emam Djomeh, 2011) and the solvent used
Liu et al., 2007; Moure et al., 2001). Furthermore, environmental
actors such as climate, soil, irrigation, temperature range, exposure
o diseases and pests, the harvest season, the way of drying and
torage or even the part of the plant tissue to be used, the content
f this water are parameters that should be taken into consideration
Bergonzi et al., 2001; Wang and Zheng, 2001).

The extraction procedure appears to affect total phenolic con-
ent and antioxidant activity of each plant. Extraction with hot
ater differs significantly from the other infusion preparation tech-
iques (Table 1). Similar results have been previously reported

ndicating the efficiency of the hot water in the extraction of
henolic compounds in various types of tea (Yang et al., 2007;

enditti et al., 2010), oregano (Teixeira et al., 2013) and mushrooms

Vamanu and Nita, 2013). Studies on the use of ultrasound for the
xtraction of bioactive compounds from plant materials have been
eported (Caniova and Brandsterova, 2001; Paniwnyk et al., 2001;
d Products 53 (2014) 46– 54 51

Proestos and Komaitis, 2006; Vinatoru, 2001). The possible bene-
fits of ultrasonic extraction are mass transfer intensification, cell
disruption and improved penetration of solvent to the plant tissue.
The ultrasonic waves break the vegetal cells and release the cells’
contents into the extraction medium. Attention should been given
in the case of the system of ultrasound extraction, since the use of
probe may  result in the degradation of compounds through the for-
mation of hydroxyl radicals during the sonication of the aqueous
solvent (Paniwnyk et al., 2001). Lamiaceae aromatic plants included
in this study are extensively used in Mediterranean diet either
as decoctions or food spices and food industry which also tends
to use more sophisticated extraction techniques such as ultra-
sounds (Vilkhu et al., 2008). The toxicity evaluation of plant extracts
studied in this research provided (a) direct comparative toxicity
evaluation, (b) determination of non-toxic levels for each extract,
(c) comparative evaluation of three extraction procedures in terms
of toxicity of the derived extracts, (d) identification of synergism
or antagonism of volatile organic and water soluble compounds in
the extracts.

Toxicity found not to correlate either with antioxidant activ-
ity or total phenolic content. In case of -pte extracts, where the
volatile fraction has been removed, toxicity should be related with
specific phenolic and flavonoid compounds extracted. The charac-
teristic phenolic compound of Lamiaceae species is the rosmarinic
acid (Lamaison et al., 1991; Pettersen and Simmonds, 2003). Ros-
marinic acid content, as has determined by high performance liquid
chromatography (HPLC), varied between 86 mg/g in lemon balm,
39.50 mg/g for sage, 60 mg/g for oregano and 12 mg/g for hyssop
(Saltas et al., 2013). According to the rosmarinic acid values referred
in literature, the toxicity cannot be attributed to rosmarinic acid
while the lemon balm although contains the highest values of ros-
marinic acid, found to be the least toxic compared to the other -pte
treatments. From the–pte extracts higher toxicity values presented
in oregano and dittany. This activity can be attributed to other phe-
nolic compounds have been identified in common for dittany and
oregano such as �-coumaric acid, ferulic acid, caffeic and vanil-
lic acid (Chun et al., 2005; Kouri et al., 2007; Proestos et al., 2005)
or flavonoids like apigenin, keampferol, quercetin, eriodictyol, taxi-
folin and naringenin (Chatzopoulou et al., 2010). As rosmarinic acid
levels of plants examined did not also interpret toxicity variations
of their aqueous extracts further investigation is necessary to iden-
tify, quantify and evaluate toxicity of the specific components in
each extract.

The calculated plant mass per reference volume that cause 20%
luminescence inhibition in Microtox® (Table 2), in case of lemon
balm decoction was fivefold more compared to the commercial
portions of 2 g, indicated that its toxicity is negligible similarly to
sage and hyssop. The corresponding plant mass of oregano and
dittany decoctions was calculated at 0.66 and 0.81 g, respectively,
values that are much lower than the usual portions consumed and
so moderate use is suggested until further research on maximum
daily consumption portions will be completed. The calculated plant
mass of oregano and sage in cooking process or in salads found too
much higher compared to the actual quantity used, so their use in
diet is not raising concerns.

In case of aqueous plant extracts derived through several
extraction techniques, a very small quantity of essential oil com-
pounds comes into the aqueous phase and either promotes or
inhibits partially the bioactivity of water soluble compounds.
The strong influence of the volatile organic compounds to the
toxicity of hyssop can be addressed to the major constituents
of its essential oil which are pinocamphone (49.1%) > �-pipene

(18.4%) > isopinocamphone (9.7%) (Shah et al., 1986; Garg et al.,
1999) and have shown remarkable antimicrobial activity in vitro
(Fathiazad and Hamedeyazdan, 2011). The same synergistic ten-
dency in dittany and oregano can be attributed to their essential
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il common constituents, such as carvacrol, �-terpinene and p-
ymene (Daferera et al., 2000, 2002, 2003; Lolios et al., 2010), to
igh antimicrobial activity.

Up to day, food industry has benefited from the synergistic
nd/or additive effects of essential oils and their isolated com-
onents (Bassole and Juliani, 2012). These effects have also been
sed by pharmaceutical industry in the context of essential oils
r herbal extracts and synthetic drugs (Ghavami et al., 2011; Silva
t al., 2011). Identification of possible interactions between essen-
ial oil compounds and water soluble compounds in herbal extracts,
n terms of total phenolics, antioxidant activity and toxicity, should
rovide useful information to food and pharmaceutical indus-
ry, where health safety and health improvement is of primary
oncern.

. Conclusions

Results of this study indicate that, among the examined plant
pecies, lemon balm presented the highest phenolic content and
ntioxidant activity values, whereas hyssop presented the lowest
nes. The extraction procedure was found to influence significantly
he total phenolic content and antioxidant activity, as differences
ere observed between extractions at high and room tempera-

ure. When ultrasound assisted extraction was used, an increase
n phenolic content was observed. Similar results were obtained
or the aquatic phase derived from the extraction with petroleum
ther. A linear positive correlation was established between
otal phenolic content and antioxidant activity in the infusions
tudied.

Extraction procedures found also to influence infusions toxic-
ty, but no correlation was  detected between toxicity and the total
henolic content or antioxidant activity. The interaction between
ater soluble compounds and essential oil compounds was  syn-

rgistic only in case of toxicity, but no significant synergism was
bserved between total phenol content and antioxidant activity.
he toxicity of herbal extracts is vital to be further investigated,
o their use in diet as antioxidant sources would be placed in safe
imits for human health.
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L.,  Goñi, I., Saura-Calixto, F., 2008. Effects of grape antioxidant dietary fiber in
cardiovascular disease risk factors. Nutrition 24, 646–653.

Pettersen, M.,  Simmonds, M.S.J., 2003. Rosmarinic acid. Phytochemistry 45,
1165–1172.

Pietta, P.G., 2000. Flavonoids as antioxidants. J. Nat. Prod. 63, 1035–1042.
Proestos, C., Chorianopoulos, N., Nychas, G.-J.E., Komaitis, M., 2005. RP-HPLC analysis

of  the phenolic compounds of plant extracts. Investigation of their antioxidant
capacity and antimicrobial activity. J. Agric. Food Chem. 53, 1190–1195.

Proestos, C., Komaitis, M.,  2006. Ultrasonically assisted extraction of phenolic
compounds from aromatic plants: comparison with conventional extraction
techniques. J. Food Qual. 29, 567–582.

Rajalakshmi, D., Narasimhan, S., 1996. Food antioxidants: sources and methods of
evaluation. In: Madhavi, D.L., Deshpande, S.S., Salunkhe, D.K. (Eds.), Food Antiox-
idants. Marcel Dekker, New York, pp. 65–157.

Ree, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M.,  Rice-Evans, C., 1999. Free
Radic. Biol. Med. 26, 1231–1237.

Romano, C.S., Abadi, K., Repetto, V., Vojnov, A.A., Moreno, S., 2009. Synergistic antiox-
idant and antibacterial activity of rosemary plus butylated derivatives. Food
Chem. 115, 456–461.

Saltas, D., Pappas, C.S., Daferera, D., Tarantilis, P.A., Polissiou, M.G., 2013. Direct deter-
mination of rosmarinic acid in Lamiaceae herbs using diffuse reflectance infrared
Fourier transform spectroscopy (DRIFTS) and chemometrics. J. Agric. Food Chem.
61, 3235–3241.

Shah, N.C., Kahol, A.P., Sen, T., Uniyal, G.C., 1986. Gas chromatographic examination
of  Hyssopus officinalis. Parfumerie und Kos 67, 116–118.

Shan, B., Cai, Y.Z., Sun, M.,  Corke, H., 2005. Antioxidant capacity of 26 spice extracts
and  characterization of their phenolic constituents. J. Agric. Food Chem. 53,
7749–7759.

Shettlemore, M.G., Bundy, K.J., 2002. Assessment of dental material degrada-
tion product toxicity using a bioluminescent bacterial assay. Dent. Mater. 18,
445–453.

Silva, F., Ferreira, S., Duarte, A., Mendonca, D., Domingues, F., 2011. Antifungal activ-
ity  of Coriandrum sativum essential oil, its mode of action against Candida species
and potential synergism with amphotericin B. Phytomedicine 19, 42–47.

Singleton, V.L., Orthofer, R., Lamuela-Raventos, R.M., 1999. Analysis of total phenols
and other oxidation substrates and antioxidants by means of Folin-Ciocalteu
reagent. Methods Enzymol. 299, 152–178.

Stagos, D., Portesis, N., Spanou, C., Mossialos, D., Aligiannis, N., Chaita, E., Panagoulis,
C.,  Reri, E., Skaltsounis, L., Tsatsakis, A.M., Kouretas, D., 2012. Correlation of
total polyphenolic content with antioxidant and antibacterial activity of 24
extracts from Greek domestic Lamiaceae species. Food Chem. Toxicol. 50,
4115–4124.

Surveswaran, S., Cai, Y.-Z., Corke, H., Sun, M.,  2007. Systematic evaluation of nat-
ural phenolic antioxidants from 133 Indian medicinal plants. Food Chem. 102,
938–953.

Tajkarimi, M.M.,  Ibrahim, S.A., Cliver, D.O., 2010. Antimicrobial herb and spice com-
pounds in food. Food Control 21, 1199–1218.

Tavassoli, S., Emam Djomeh, Z., 2011. Total phenols, antioxidant potential and
antimicrobial activity of methanol extract of rosemary (Rosmarinus officinalis
L.).  Global Vet. 7, 337–341.

Teixeira, B., Marques, A., Cristina Ramos, C., Serrano, C., Matos, O., Neng, N.R.,
Nogueira, J.M.F., Saraiva, J.A., Nunes, M.L., 2013. Chemical composition and
bioactivity of different oregano (Origanum vulgare) extracts and essential oil.
J.  Sci. Food Agric. 93, 2707–2714.

Thorsen, M.A., Hildebrandt, K.S., 2003. Quantitative determination of phenolic diter-
penes in rosemary extracts, aspects of accurate quantification. J. Chromatogr. A
995,  119–125.

Turkmen, N., Sari, F., Velioglu, Y.S., 2005. The effect of cooking methods on total
phenolics and antioxidant activity of selected green vegetables. Food Chem. 93,
713–718.

Yang, D.-J., Hwang, L.S., Lin, J.-T., 2007. Effects of different steeping methods and
storage on caffeine, catechins and gallic acid in bag tea infusions. J. Chromatogr.
A 1156, 312–320.

Vamanu, E., Nita, S., 2013. Antioxidant Capacity and the Correlation with Major
Phenolic Compounds, Anthocyanin, and Tocopherol Content in Various Extracts

from the Wild Edible Boletus edulis Mushroom. BioMed Research International,
Article ID 313905.

Venditti, E., Bacchetti, T., Tiano, L., Carloni, P., Greci, L., Damiani, E., 2010. Hot vs. cold
water steeping of different teas: do they affect antioxidant activity? Food Chem.
119, 1597–1604.

http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0160
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0165
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0170
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0175
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0180
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0185
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0190
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0195
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0200
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0205
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0210
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0215
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0220
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0225
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0230
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0235
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0240
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0245
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0250
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0255
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0260
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0265
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0270
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0275
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0280
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0285
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0290
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0295
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0300
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0305
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0310
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0315
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0320
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0325
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0330
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0335
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0340
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0340
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0340
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0340
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0340
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0340
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0340
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0345
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0350
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0355
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0360
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0365
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0365
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0365
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0365
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0365
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0365
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0365
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0365
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0370
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0375
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0380
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0385
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0390
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0395
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0400
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0405
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0410
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0415
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0420
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0425
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0430
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0435
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0440
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0445
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0450


5 rops a

V

V

W

W

4 E. Skotti et al. / Industrial C

ilkhu, K., Mawson, R., Simosn, L., Bates, D., 2008. Applications and opportunities
for ultrasound assisted extraction in the food industry – a review. Inn. Food Sci.
Emerg. Technol. 9, 161–169.

inatoru, M.,  2001. An overview of the ultrasonically assisted extraction of bioactive
principles from herbs. Ultrason. Sonochem. 8, 303–313.
ang, B., Deng, J., Gao, Y., Zhu, L., He, R., Xu, Y., 2011. The screening tool-
box of bioactive substances from natural products. A review. Fitoterapia 82,
1141–1151.

ang, S.Y., Zheng, W.,  2001. Effect of plant growth temperature on antioxidant
capacity in Strawberry. J. Agric. Food Chem. 49, 4977–4982.
nd Products 53 (2014) 46– 54

Wootton-Beard, P.C., Ryan, L., 2011. Improving public health? The role of
antioxidant-rich fruit and vegetable beverages. Food Res. Int. 44, 3135–3148.

Zhang, J., Liu, S., Dou, R., Liu, H., Zhang, J., 2011. Evaluation of the toxicity of ionic
liquid mixture with antagonism and synergism to Vibrio qinghaiensis sp.Q67.
Chemosphere 82, 1024–1029.
Zhao, Y.H., Ji, G.D., Cronin, M.T.D, Dearden, J.C., 1998. QSAR study of the toxicity of
benbzoic acids to Vibrio fischeri, Daphnia magna and carp. Sci. Total Environ. 216,
205–215.

Zheng, W.,  Wang, S.Y., 2001. Antioxidant activity and phenolic compounds in
selected herbs. J. Agric. Food Chem. 49, 5165–5170.

http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0455
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0460
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0465
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0470
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref1475
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0480
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485
http://refhub.elsevier.com/S0926-6690(13)00690-0/sbref0485

	Total phenolic content, antioxidant activity and toxicity of aqueous extracts from selected Greek medicinal and aromatic p...
	1 Introduction
	2 Materials and methods
	2.1 Plant material
	2.2 Materials
	2.3 Preparation of extracts
	2.4 Determination of total phenolic content
	2.5 Determination of antioxidant activity
	2.6 Toxicity test
	2.7 Synergism evaluation
	2.8 Statistical analysis

	3 Results
	3.1 Total phenolic content
	3.2 Antioxidant activity
	3.3 Toxicity
	3.4 Interaction of water soluble and volatile organic compounds

	4 Discussion
	5 Conclusions
	Acknowledgements
	References


