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a  b  s  t  r  a  c  t

The  present  study  was  conducted  to evaluate  the  chemical  composition  and antioxidant  activity of  the
essential  oils  and  ethanol  extracts  of  Ocimum  basilicum  L. obtained  from  Assiut,  Minia  and  BeniSuef  of
Egypt.  The  major  constituents  of  sweet  basil  essential  oils  from  three  locations  were  linalool,  estragole,
methyl  cinnamate,  bicyclosesquiphellandrene,  eucalyptol,  �-bergamotene,  eugenol,  �-cadinene  and  ger-
macrene  D  by  the  method  of  GC–MS.  The  relative  concentration  of  these  compounds  varies.  The basil
extracts  contained  appreciable  levels  of  total  phenolic  contents  and  exhibited  good  DPPH  radical  scav-
enging  capacity  higher  than  that  of essential  oils.  The  highest  TPC  (82.45  mg  PE/g)  and  maximum  radical
scavenging  activity  with  IC50 value  (1.29  mg/mL)  was  obtained  from  Minia  basil  extract.  High  correlation
between  antioxidant  activity  and  total  phenolic  contents  of  basil  extracts  was  observed.  High  variation
in  free radical  scavenging  activity  of  essential  oils  was  found.  The  essential  oil  from  Minia  basil  showed
high  activity  in DPPH  radical  scavenging  with  IC50 (11.23  mg/mL)  and  contained  the  highest  content  of

phenolic  (41.3  mg  PE/g).  On  contrary,  low  correlation  between  antioxidant  activity  and  total  phenolic
contents  of  basil  essential  oils  from  different  locations.  The  results  of the  present  investigation  demon-
strated  significant  variations  in  the antioxidant  activities  of sweet  basil  essential  oils  and  extracts  from
Egypt.

© 2019  “Society  information”.  Production  and  hosting  by  Elsevier  B.V.  on  behalf  of KeAi
Communications  Co.,  Ltd.  This  is an  open  access  article  under  the  CC BY-NC-ND  license  (http://
. Introduction

Antioxidants have been widely used as food additives to avoid
he degradation of the foods. Also, antioxidants have an important
ole in preventing a variety of lifestyle-related diseases and aging
ecause these are closely related to the active oxygen and lipid per-
xidation [1]. Current research of free radicals confirmed that food
∗ Corresponding authors at: National R & D Center for Edible Fungus Processing
echnology, Henan University, Kaifeng 475004, China.
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rich in antioxidants play an essential role in reducing the risk of inci-
dence of cardiovascular diseases as well as other chronic diseases
and certain types of cancer [2,3]. A large number of plant species
have already been tested for potential antioxidant activity [4,5].
Ocimum basilicum L., named commonly as sweet basil, is a popular
culinary herb belonging to the Lamiaceae family is originally native
to India and other Asian regions. Nowadays, it is cultivated all over
the world [6].

Traditionally, the basil leaves are used in folk medicine as a
remedy for a large number of diseases, including cancer, con-
vulsion, diarrhea, epilepsy, gout, nausea, sore throat, toothaches,
and bronchitis [7–9]. It is also a source of essential oil contain-
ing biologically-active constituents which possess antioxidant and
antimicrobial properties [6–11].
The chemical composition of basil oil has been the subject of
several studies. Basil oils have been classified into four chemo-
types according to their chemical composition and geographical
source. The European type, cultivated in Europe, USA, and Africa,
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s characterized by linalool and methyl chavicol as the major
il constituents. The Reunion type, located in the Comoros and
eychelles Islands, Africa, and Reunion Island, is characterized by

 high concentration of methyl chavicol. Tropical type originated
rom India, Pakistan, Guatemala, Haiti, and Africa is rich in methyl
innamate. Another basil chemotype, with eugenol as the main
omponent, is common in North Africa, Russia, Eastern Europe, and
arts of Asia [6,12–14]. In addition to these, other basil oils have
lso been reported which contained various quantities of linalool,
amphor, methyl chavicol, methyl cinnamate, and eugenol [15].

Several studies have investigated the chemical composition and
ntioxidant activity of the essential oil of basil from different ori-
ins. However, there are few reports on the antioxidant properties
f basil extracts. Therefore, the aim of this study was to evaluate the
hemical composition and antioxidant activity of the essential oils
nd extracts of sweet basil obtained from three locations of Egypt.

. Materials and methods

.1. Plants material

Sweet basil samples (leaves and stems) were collected from 3
ocations of Egypt, Assiut, Minia and BeniSuef governorates. The
amples were collected during summer 2018 and identified by
r. Atef A. Kader Department of Medicinal and Aromatic Plants

esearches, Horticulture Research Institute, Agricultural Research
enter. The current study was conducted during 2018 and 2019
ears at National R & D Center for Edible Fungus Processing Tech-
ology, Henan University, kaifeng, Henan, China.

able 1
ssiut basil essential oil composition (%), obtained by GC–MS.

NO. RTa RA%b Compounds 

1 2.9441 0.3169 trans-1,2-dimethy
2  3.0193 0.159 Heptane 

3  3.3767 0.1072 methyl-Cyclohexa
4  7.1567 0.0664 1S-.alpha.-Pinene
5  7.5328 0.0165 Camphene 

6  8.1252 0.3049 (1S)-�-pinene 

7  8.3226 0.2377 beta.-Pinene 

8  9.357 4.0395 Eucalyptol 

9  9.5356 0.5826 �-ocimene 

10  10.4189 0.0275 2-carene 

11  11.1248 31.657 linalool 

12  11.9522 0.6783 d-Camphor 

13  13.5695 17.3749 Estragole 

14  14.9424 0.1428 geraniol 

15  15.4031 0.556 bornyl acetate 

16  18.177 3.5959 Eugenol 

17  19.5781 15.1444 methyl cinnamate
18  20.02 3.9469 �-bergamotene 

19  20.4902 0.2229 �-muurolene 

20  20.7629 0.438 alpha.-Caryophyll
21  20.9509 0.3936 Bicyclo[4.4.0]dec-
22  21.5339 1.5695 germacrene D 

23  21.9194 0.4077 elixene 

24  22.0323 0.7574 �-bulnesene 

25  22.4648 2.4227 �-cadinene 

26  23.7906 0.1781 nerolidol 

27  24.4771 0.8597 (-)-Spathulenol 

28  26.4329 6.0184 bicyclosesquiphel
29  28.9811 0.1057 6-Isopropenyl-4,8
30  31.3131 0.0775 phytone 

31  34.9802 0.1869 3-Carene 

32  36.3437 0.0378 Pyridine-3-carbox
33  40.5187 0.1258 13-Tetradecen-1-
Total  93.7561

a Retention time.
b Value expressed as relative area percentages to total identified compounds.
c Retention index: Kovats retention index relative to n-alkanes on column.
man Wellness 8 (2019) 299–305

2.2. Essential oil isolation

Dried basil samples (100 g) were crushed and subjected to
hydrodistillation with sterile water (1 L) for 3 h using a Clevenger-
type apparatus. The obtained essential oil was dried over anhydrous
sodium sulphate, and stored at 4 ◦C for further use.

2.3. Gas chromatography/mass spectrometry analysis of oils

GC–MS analysis was  carried out by an Agilent 6890 N gas
chromatograph equipped with a capillary column DB-5 ms  (30
m × 250 �m × 0.25 �m,  Agilent Technologies, USA and coupled
with a 5975 B mass selective detector spectrometer from the same
company. The front inlet was  kept at 250 ◦C in split mode. The tem-
perature program was  as below: the initial column temperature
was 60 ◦C, held for 2 min, and then programmed to 120 ◦C at a rate
of 6 ◦C per minute and held for 2 min; finally programmed to 230 ◦C
at a rate of 4 ◦C per minute, held at 5 min. Flow rate of split injection
was 1.0 mL  per minute. As a carrier gas helium at 1.0 mL per minute
was used. The MS  detector was used in the EI mode with an ion-
ization voltage of 80 eV. The ion source temperature was at 230 ◦C.
The transfer line was at 280 ◦C. The spectra were collected over the
mass rang (m/z) 30-1000. Retention indices were calculated by the
retention times of C6-C26 n-alkanes that were injected at the same
chromatographic conditions. The volatile constituents were iden-
tified by comparison of their relative retention indices and their
mass spectra with Nist 08.L library of essential oil constituents.
2.4. Preparation of basil samples extracts

Dried samples of basil were crushed and extracted by 70%
ethanol under 50 ◦C three times for 9 h totally. The extracts were

KIc

l-Cyclopentane 711.9259
717.391

ne 743.3648
 952.7687

970.8157
999.2418
1008.714
1059.549
1068.296
1111.008
1143.948
1182.557
1245.218
1295.142
1311.115
1405.309

 1452.389
1467.238
1483.038

ene 1492.201
1-ene, 2-isopropyl-5-methyl-9-methylene- 1498.518

1518.519
1531.766
1535.646
1550.509
1596.069
1620.425

landrene 1690.25
a-dimethyl-1,2,3,5,6,7,8,8a-octahydro-naphthalen-2-ol 1784.513

1873.362
2023.956

amide, oxime, N-(2-trifluoromethylphenyl)- 2081.952
ol acetate –
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ltered under Buchner funnel and concentrated under reduced
ressure at 40 ◦C by a rotary evaporator. The extracts kept at – 40 ◦C
vernight then dried in a freeze dryer then collected and stored at

 4 ◦C until used for further analyses.

.5. DPPH radical scavenging assay

The method of Kang et al. [16] was used to assay the DPPH radi-
al scavenging activity. The stable free radical DPPH was dissolved
n methanol to give a 200 �mol/L solution; 10 �L of the essential
il and extract samples in methanol (or methanol itself as blank
ontrol) was added to 175 �L of the methanol DPPH solution. For
ach test compound, different concentrations were tested (20, 10,
, 2.5 and 1.25 mg/mL  for extracts. 100, 50, 25, 12.5 and 6.25 mg/mL
or oils). After further mixing, the decrease in absorbance was

easured at 515 nm after 20 min. The actual decrease in absorp-
ion induced by the test compound was calculated by subtracting
hat of the control. The antioxidant activity of each test sample
as expressed as an IC50 value, i.e. the concentration in mg/ml

hat inhibits DPPH absorption by 50% and was calculated from the
oncentration-effect linear regression curve. BHT was used for pos-
tive control. The DPPH radical scavenging activity of each sample

as calculated as the percentage inhibition.

 Inhibition of DPPH radical activity = [(A0 − A1)/A0] × 100%

here: A0 is the absorbance of the DPPH itself; A1 is the absorbance
f sample and the positive control.
.6. Determination of total phenolic contents (TPC)

The contents of total phenolic in basil samples extracts and
ils were determined spectrophotometrically according to the

able 2
inia basil essential oil composition (%), obtained by GC–MS.

NO. RTa RA%b Compoun

1 2.8972 0.2212 cis-1,3-d
2  2.9442 0.2469 trans-1,2
3  3.3767 0.1244 methyl-C
4  7.1567 0.0587 1S-.alpha
5  7.5235 0.0207 Camphen
6  8.3227 0.6413 .beta.-Pin
8  9.3288 4.7398 Eucalypt
9  9.5169 0.5332 �-ocimen
10  9.8178 0.1873 �-terpine
7  10.4221 0.3304 2-carene
11  11.1154 28.1812 linalool 

12  11.9335 0.7719 d-Camph
13  13.4474 16.9779 Estragole
14  14.9142 0.1334 geraniol 

15  16.9641 0.0911 2-Acetox
16  18.0831 7.3363 Eugenol 

17  19.2961 13.3946 methyl c
18  19.9637 4.2091 �-bergam
19  20.7065 0.3773 .alpha.-C
20  20.904 0.5386 �-cubebe
21  21.4776 2.4126 germacre
22  21.8631 0.4015 Patchoul
23  21.9853 0.9028 �-bulnes
24  22.4367 2.6411 �-cadine
25  23.0573 0.165 Bicyclo[4
26  23.7531 0.1441 nerolidol
27  24.1104 0.1359 �-maalie
28  24.4301 0.37 (-)-Spath
29  26.4236 6.8374 bicyclose
30  31.3132 0.0673 phytone 

31  33.0527 0.0155 Cyclohex
Total 93.2085

a Retention time.
b Value expressed as relative area percentages to total identified compounds.
c Retention index: Kovats retention index relative to n-alkanes on column.
man Wellness 8 (2019) 299–305 301

Folin-Ciocalteau method of Kang et al. [17] with slight modification.
The diluted extract and oil (1.25 and 5 mg/mL  methanol), respec-
tively were used in the analysis. A 0.2 mL  aliquot of the diluted
extract was  mixed with 2.5 mL  of 10% Folin-Ciocalteu’s reagent in
water. The mixture was  covered and incubated for 2 mints in dark
place then 2 mL  of 7.5% Na2CO3 dissolved in water was added. The
mixture was incubated for 1 h at room temperature. The absorbance
was measured at 765 nm against blank. The blank had the same con-
stituents except that the extract was replaced by distilled water.
Pyrocatechol was  used as standard for preparing the calibration
curve. The total phenolic content was  expressed as mg pyrocatechol
equivalents (PE) per g of extract.

2.7. Statistical analysis

Data were analyzed statistically using Statistix Version 8.1 soft-
ware. Differences between means were determined using the least
significant difference test at P < 0.05. The data are presented as
mean ± SD.

3. Results and discussion

3.1. Chemical composition of essential oils

The chemical compositions of the investigated essential oils
of tested basil from three locations; Assiut, Minia and BeniSuef
of Egypt are shown in Tables 1–3, respectively. GC–MS analysis
of Assiut basil essential oil identified 33 constituents, repre-

senting 93.75% of the total oil. The major constituents of the
essential oil were linalool (31.65%), estragole (17.37%), methyl
cinnamate (15.14%) bicyclosesquiphellandrene (6.01%), eucalyp-
tol (4.04%), ˛-bergamotene (3.94%), eugenol (3.59%), �-cadinene

ds KIc

imethyl-Cyclopentane 708.5174
-dimethyl-Cyclopentane 711.9331
yclohexane 743.3648
.-Pinene 952.7687
e 970.3695
ene 1008.898

ol 1058.168
e 1067.38
ne 1082.116

 1111.157
1143.509

or 1181.685
 1240.778

1294.116
y-1,8-cineole 1364.156

1402.154
innamate 1442.913

otene 1465.346
aryophyllene 1490.306
ne 1496.942
ne D 1516.584

ene 1529.832
ene 1534.031
ne 1549.543
.4.0]dec-1-ene, 2-isopropyl-5-methyl-9-methylene- 1570.869

 1594.78
ne 1607.333
ulenol 1618.747
squiphellandrene 1689.918

1874.579
ene, 4-(4-ethylcyclohexyl)-1-pentyl- 1944.337



302 A.F. Ahmed et al. / Food Science and Human Wellness 8 (2019) 299–305

Table 3
BeniSuef basil essential oil composition (%), obtained by GC–MS.

NO. RT a RA% b Compounds KI c

1 2.8877 0.2841 Cyclopentane, 1,3-dimethyl- 707.827
2  2.9441 0.4604 trans-1,2-dimethyl-Cyclopentane 711.9259
3  3.3672 0.1933 methyl-Cyclohexane 742.6744
4  6.9874 0.0168 �-thujene 944.6449
5  7.1661 0.1511 1S-.alpha.-Pinene 953.2198
6  7.5328 0.0495 Camphene 970.8157
7  8.0123 0.2527 sabinene 993.8244
8  8.332 1.1792 .beta.-Pinene 1009.354
9  9.3194 5.4865 Eucalyptol 1057.708
10  9.5262 0.7278 �-ocimene 1067.835
11  9.8271 0.308 �-terpinene 1082.571
12  10.4289 0.4246 2-carene 1111.475
13  11.0495 27.6454 linalool 1140.434
14  11.8958 0.7278 d-Camphor 1179.925
15  12.7609 1.0138 4-terpineol 1215.815
16  13.3909 15.9668 Estragole 1238.724
17  14.9518 0.2241 geraniol 1295.484
18  15.3843 0.9929 bornyl acetate 1310.476
19  17.9231 2.7891 Eugenol 1396.741
20  19.0421 10.4896 methyl cinnamate 1434.378
21  19.1643 2.1239 methyleugenol 1438.485
22  19.5311 0.376 Caryophyllene 1450.81
23  19.926 4.5247 �-bergamotene 1464.079
24  20.3867 0.2962 �-muurolene 1479.56
25  20.6876 0.4444 .alpha.-Caryophyllene 1489.671
26  20.8663 0.5842 Bicyclo[4.4.0]dec-1-ene, 2-isopropyl-5-methyl-9-methylene- 1495.675
27  21.4399 2.3752 germacrene D 1515.289
28  21.8348 0.4021 Patchoulene 1528.859
29  21.9664 0.9519 �-bulnesene 1533.381
30  22.4178 3.2631 �-cadinene 1548.893
31 24.1009 0.1615 �-maaliene 1606.994
32  24.4394 0.5432 (-)-Spathulenol 1619.079
33  26.4047 7.0101 bicyclosesquiphellandrene 1689.243
34  31.3225 0.1163 phytone 1874.942
Total  92.2722
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chesie et al. [24]. It was also reported that four major compounds
characterize the basil essential oil of Austria: linalool, methyl chavi-
col, methyl cinnamate, and –cadinol, Politeo et al. [25]. These results
a Retention time.
b Value expressed as relative area percentages to total identified compounds.
c Retention index: Kovats retention index relative to n-alkanes on column.

2.42%) and germacrene D (1.56%).31 constituents were identi-
ed from Minia basil essential oil, representing 93.20% of total oil.
inalool (28.18%), estragole (16.97%), methyl cinnamate (13.39%),
ugenol (7.33%), bicyclosesquiphellandrene (6.83%), eucalyptol
4.73%), ˛-bergamotene (4.20%), �-cadinene (2.64%) and germa-
rene D (2.41%) were the major constituents of the essential
il tested. Whereas, 34 constituents, representing 92.27% of
otal oil were identified for BeniSuef essential oil by GC–MS
nalysis and the major constituents were, linalool (27.64%),
stragole (15.96%), methyl cinnamate (10.48%), bicyclosesquiphel-
andrene (7.01%), eucalyptol (5.48%), �-bergamotene (4.52%),
-cadinene (3.26%), eugenol (2.78%), and germacrene D (2.37%).
s a result, the composition of three basil essential oils was var-

ed.
The variation in chemical compositions of essential oils may  be

robably due to environmental conditions. Linalool and methyl
havicol and methyl cinnamate as the major oil constituents of
ssential oils. Our results in agreement to the previous results
eported by Simon et al. [6] and Chenni et al. [18], linalool and
ethyl chavicol as the major oil compounds of essential oil from

gypt. However, Ismail [19] reported linalool, 1,8-cineole, eugenol,
nd methyl cinnamate as the major components of Egyptian basil
ssential oil.

A high diversity in the constituents of basil essential oil with
ifferent chemotypes from many regions of the world have been
reviously investigated; As reported by Nurzyńska-Wierdak et al.
20], linalool, geraniol, and 1,8-cineole are the major compounds in

asil leaf essential oil of Poland. These results are consistent with
hose obtained in previous works in Oman, Hanif et al [11] and
razil, Oliveira et al. [21]. Marotti et al. [12] reported the presence
of linalool, methyl chavicol, and eugenol as main components of
Italian basil essential oil.

Klimankova et al. [22] reported linalool and eugenol are the
major compounds of basil essential oil native to Czech Republic
corroborating with Guinea, Keita et al. [23], as well as Reunion, Luc-
Fig. 1. Total phenolic content in basil extracts and essential oils at different loca-
tions. Data are mean ± SD (n = 3). Columns in figure that are headed with the different
letter are significantly different (P < 0.05) according to the least significant difference
test.
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re in agreement with those obtained in previous works in Bul-
aria (Opalchenova et al. [26] and USA Lee et al. [27]. Linalool was
eported as the main component in O. basilicum essential oil from
omania, Benedec et al [28].

The major compounds of essential oil extracted from Algeria
eaves of basil, were linalool, linalyl acetate, elemol, and geranyl
cetate Hadj-Khelifa et al. [29]. Regarding Pakistan basil, Hussain
t al. [5] reported four major compounds were found: linalool,epi–
ardinol, -bergamotene, and -cadinene. Concerning basil from
urkey, Chalchat et al. [30] cited three major compounds: methyl
havicol, limonene, and p-cymene. In addition, Iranian basil essen-
ial oil is rich in methyl chavicol, Shirazi et al. [31] as well as Thailand
asil essential oil, Bunrathep et al. [32].

On the other hand, Purkayastha and Nath [33] reported that
amphor, followed by limonene and –selinene were the major com-
ounds in O. basilicum essential oil from Northeast India. However,
ethyl cinnamate was the first major compound from French Poly-

esia basil leaf essential oil, Adam et al. [34]. These variations in the
onstituents of basil essential oil between countries may  be proba-
ly due to environmental conditions and genetic factors, different
hemotypes, and the nutritional elements of the plants, as well as
ther factors that can influence the oil composition.

.2. Total phenolic contents of essential oils and extracts

The total phenolic contents (TPC) for basil essential oils and
xtracts from different locations of Egypt are presented in Fig. 1.
he results indicated that the phenolic contents in different
ssential oils and extracts varied significantly. In among essen-
ial oils the highest TPC (41.3 mg  PE/g) was obtained from Minia

asil essential oil followed by 25.91and 24.61 mg  PE/g for Assiut
nd BeniSuef basil essential oils, respectively. The TPC of extracts
xhibited similar trends to TPC of essential oils. The highest TPC

ig. 2. DPPH radical scavenging assay of basil essential oils at different locations.
ata are mean ± SD (n = 3). Columns in figure that are headed with the different

etter are significantly different (P < 0.05) according to the least significant difference
est. BHT used as a positive control.

able 4
he major constituents (%) in basil essential oils.

Oil constituents Assiut Minia BeniSuef

Linalool 31.657 28.1812 27.6454
Estragole 17.3749 16.9779 15.9668
methyl cinnamate 15.1444 13.3946 10.4896
bicyclosesquiphellandrene 6.0184 6.8374 7.0101
Eucalyptol 4.0395 4.7398 5.4865
�-bergamotene 4.9469 4.2091 4.5247
Eugenol 3.5959 7.3363 2.7891
�-cadinene 2.4227 2.6411 3.2631
germacrene D 1.5695 2.4126 2.3752
man Wellness 8 (2019) 299–305 303

(82.45 mg  PE/g) was  obtained from Minia basil extract followed
by 69.12 and 66.48 mg  PE/g for Assiut and BeniSuef basil extracts,
respectively. In general, basil extracts exhibited higher contents of
phenolic than that of essential oils. This difference in the amount
of TPC may  be due to varied agroclimatic (climatical, seasonal, geo-
graphical) conditions of the locations.

3.3. DPPH radical scavenging assay of essential oils and extracts

Free radical scavenging activities of the basil essential oils and
extracts were measured by DPPH assay. Free radical scavenging
capacity increased with increasing essential oil and extract con-
centrations. In Fig. 2, basil essential oils from different locations
exhibited good radical scavenging activity but lower than that of
synthetic antioxidant BHT (IC50 = 6.80 mg/mL). The highest radical
scavenging activity was recorded by Minia essential oil with IC50
value (11.23 mg/mL) followed by 17.52 and 55.15 mg/ml for Assiut
and BeniSuef essential oils, respectively.

These variations were probably due to differences in environ-
mental condition. Low correlation (R2 = 0.441) was  found between
antioxidant activity data from DPPH assays (IC50) and total phenolic
contents of basil essential oils from different locations (Fig. 4). This
result can be concluded that antioxidant activity of basil essential
oils is not limited to phenolic. It may  also come from the presence
of other antioxidant secondary metabolites.

In this study the increment in radical scavenging activity of
Minia essential oil was probably due to an increase of eugenol
content which recorded higher concentration about 2 times and
3 times than that of Assiut and BeniSuef essential oils, respectively,
as illustrated in Table 4. However eugenol was not the main com-
ponent of oils. Our findings are in agreement with Politeo et al. [25]
who clearly suggests that the antioxidant capacity (IC50 = 1.4 g/L)
of basil essential oil from Austria is due only or mainly to the pres-
ence of eugenol (5.9%) in its chemical composition and that other
constituents do not have significant effect on eugenol capacity.

The same finding was reported by Pripdeevech et al. [35]
who observed that the essential oil of O. basilicum from Thailand
(linalool/eugenol chemotype) exhibited high scavenging ability of
DPPH radicals (IC50 = 26.53 g/mL). Also, Dabire et al. [36] reported
that the decrease in the rate of eugenol in essential oil of O. basilicum
causes a decrease of its antioxidant power. Lee et al. [27] also found
that eugenol (0.896 mg/g) was  the main contributor of the antiox-

idant activity of volatile extract of basil collected from USA than
major components.

The variation in the antioxidant activity of essential oil in differ-
ent origins has been previously investigated by other researchers.

Fig. 3. DPPH radical scavenging assay of basil extracts at different locations. Data
are mean ± SD (n = 3). Columns in figure that are headed with the different letter
are  significantly different (P < 0.05) according to the least significant difference test.
BHT used as a positive control.
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ig. 4. Linear correlation between the antioxidant activity data from DPPH assays (
A):  Linear correlation between the antioxidant activity and the total phenolic cont
B):  Linear correlation between the antioxidant activity and the total phenolic cont

adj-Khelifa et al. [29] who reported that O. basilicum essential
il from Algeria containing linalool as a major compound exhib-
ted lower antioxidant effects (IC50 = 83.4 mg/mL) than the vitamin

 (IC50 = 22.0 mg/mL). Hussain et al. [5] showed that sweet basil
ssential oil from Pakistan which is rich in linalool offered antioxi-
ant activity comparable to synthetic antioxidant BHT. However,
ozin et al. [37] found that basil oil containing methyl chavicol
45.8%) and linalool (24.2%) as major components exhibited very
trong radical scavenging activity, reducing the DPPH radical for-
ation (IC50) in the range of 0.4 g/mL.
Quite a different situation was observed by Mahmoud et al. [38]

ho found that the main component methyl chavicol exhibit a
oderate antioxidant activity (DPPH assay). Also, Dawidowicz et al.

39] which showed that the main component methyl chavicol, do
ot exhibit antioxidant properties.

Depending on our results and pervious researches we  can con-
ucted that the main component does not always determine the
ntioxidant activity of the examined essential oil. It is possible that
omponents present at lower concentrations might be involved in
ome type of synergy with other active compounds.

On the other hand the ethanol extracts of basil from different
ocations exhibited stronger radical scavenging activity than that
f synthetic antioxidant BHT (IC50 = 6.80 mg/mL). As illustrated in
ig. 3 Minia basil extract recorded the highest radical scavenging
ctivity in among locations with IC50 value (1.29 mg/mL) followed
y 2.50 and 2.98 mg/ml  for Assiut and BeniSuef extracts, respec-
ively.

On contrary high correlation (R2 = 0.985) between antioxidant
ctivity data from DPPH assays (IC50) and total phenolic con-
ents of basil extracts from different locations was observed
Fig. 4). This result suggests that the antioxidant capacity of basil
xtracts results from the contribution of phenolic contents. Also
ndicates that the variation in radical scavenging activity was
ue to differences in phenolic content which recorded higher
oncentration in Minia basil extract than that of another two
ocations.

Our findings are in agreement with Javanmardi et al. [40] who
eported that 71% of the antioxidant capacity of Iranian Ocimum
ccessions results from the contribution of phenolic compounds.
n general, the free radical scavenging activity of ethanol extracts

as superior to that of essential oils.
Phenolic compounds are very important plant constituents
ecause of their scavenging ability on free radicals due to their
ydroxyl groups. Therefore, the phenolic content of plants may
ontribute directly to their antioxidant action [41]. Several investi-
ations of the antioxidant activity of plant extracts have confirmed
nd the total phenolic content of basil from different locations.
 essential oils.

 extracts.

a correlation between total phenolic content and antioxidant activ-
ity [42,43].

4. Conclusions

Our results showed that variations in chemical composition of
essential oils of O. basilicum obtained from three locations; Assiut,
Minia and BeniSuef of Egypt. The basil extracts contained appre-
ciable levels of total phenolic contents and exhibited good DPPH
radical scavenging capacity higher than that of essential oils. High
correlation between antioxidant activity and total phenolic con-
tents of basil extracts was observed. High variation in free radical
scavenging activity of essential oils was  found. On contrary, low
correlation between antioxidant activity and total phenolic con-
tents of basil essential oils from different locations. The results of
the present investigation demonstrated significant variations in the
antioxidant activities of sweet basil essential oils and extracts from
Egypt and it should be addressed in future research.
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Essential oil composition of sweet basil cultivars as affected by nitrogen and
potassium fertilization, Turk. J. Agric. For. 37 (2013)
427–436.

21] J.S. Oliveira, L.A. Porto, C.S. Estevam, R.S. Siqueira, P.B. Alves, E.S. Niculau, A.F.
Blank, N. Reinaldo, R.N. Almeida, M.  Marchioro, et al., Phytochemical
screening and anticonvulsant property of Ocimum basilicum leaf essential oil,
Bol.  Latinoam. Caribe Plantas Med. Aromát 8 (2009) 195–202.

22] E. Klimankova, K. Holadova, J. Hajslova, T. Cajka, J. Poustka, M. Koudela, Aroma
profiles of five basil (Ocimum basilicum L.) cultivars grown under conventional
and organic conditions, Food Chem. 107 (2008) 464–472.

23] S.M. Keita, C. Vincent, J.P. Schmit, A. Belanger, Essential oil composition of
Ocimum basilicum L., O. gratissium L. and O. suave L. in the Republic of Guinea,
Flavour Fragr. J. 15 (2000) 339–341.

24] M.E. Lucchesie, F. Chemat, J. Smadja, Solvent free microwave extraction of
essential oil from aromatic herbs: comparison with conventional

hydrodistillation, J. Chromatogr. A 1043 (2004)
323–327.

25] O. Politeo, M.  Jukic, M.  Milos, Chemical composition and antioxidant capacity
of  free volatile aglycones from basil (Ocimum basilicum L.) compared with its
essential oil, Food Chem. 101 (2007) 379–385.

[

man Wellness 8 (2019) 299–305 305

26] G. Opalchenova, D. Obreshkova, Comparative studies on the activity of
basil—an essential oil from Ocimum basilicum L. against multidrug resistant
clinical isolates of the genera Staphylococcus, Enterococcus and Pseudomonas
by  using different test methods, J. Microbiol. Methods 54 (2003) 105–110.

27] S.J. Lee, K. Umano, T. Shibamoto, K.G. Lee, Identification of volatile
components in basil (Ocimum basilicum L.) and thyme leaves (Thymus vulgaris
L.)  and their antioxidant properties, Food Chem. 91 (2005) 131–137.

28] D. Benedec, I. Oniga, R. Oprean, M.  Tamas, Chemical composition of the
essential oils of Ocimum basilicum L. cultivated in Romania, Farmacia 57
(2009) 625–629.

29] L. Hadj-Khelifa, M.  Brada, F. Brahmi, D. Achour, M.L. Fauconnier, G. Lognay,
Chemical composition and antioxidant activity of essential oil of Ocimum
basilicum leaves from the northern region of Algeria, Topcl. J. Herb. Med. 1
(2012) 25–30.

30] J.C. Chalchat, M.M.  Özcan, Comparative essential oil composition of flowers,
leaves and stems of basil (Ocimum basilicum L.) used as herb, Food Chem. 110
(2008) 501–503.

31] M.T. Shirazi, H. Gholami, G. Kavoosi, V. Rowshan, A. Tafsiry, Chemical
composition, antioxidant, antimicrobial and cytotoxic activities of Tagetes
minuta and Ocimum basilicum essential oils, Food Sci. Nutr. 2 (2014) 146–155.

32] S. Bunrathep, C. Palanuvej, N. Ruangrungsi, Chemical compositions and
antioxidative activities of essential oils from four Ocimum species endemic to
Thailand, J. Health Res. 21 (2007) 201–206.

33] J. Purkayastha, S.C. Nath, Composition of the camphor-rich essential oil of
Ocimum basilicum L. native to Northeast India, J. Essent. Oil Res. 18 (2006)
332–344.

34] F. Adam, I. Vahirua-Lechat, E. Deslandes, J.M. Bessiere, C. Menut, Aromatic
plants of French Polynesia. III. Constituents of the essential oil of leaves of
Ocimum basilicum L, J. Essent. Oil Res. 21 (2009) 237–240.

35] P. Pripdeevech, W.  Chumpolsri, P. Suttiarporn, S. Wongpornchai, The chemical
composition and antioxidant activities of basil from Thailand using retention
indices and comprehensive two-dimensional gas chromatography, J. Serbian
Chem. Soc. 75 (2010) 1503–1513.

36] C. Dabire, H.C. Roger, R.H.C. Nebie, A. Belanger, M. Nacro, F.S. Sib, Effet du
séchage de la matière végétale sur la composition chimique de l’huile
essentielle et l’activité antioxydante d’extraits d’Ocimum basilicum L, Int. J.
Biol. Chem. Sci. 5 (2011) 1082–1095.

37] B. Bozin, N. Mimica-Dukic, N. Simin, G. Anackovj, Characterization of the
volatile composition of essential oils of some lamiaceae spices and the
antimicrobial and antioxidant activities of the entire oils, J. Agric. Food Chem.
54  (2006) 1822–1828.

38] G.I. Mahmoud, Biological effects, antioxidant and anticancer activities of
marigold and basil essential oils, J. Med. Plants Res. 7 (2013) 561–572.

39] A.L. Dawidowicz, M.  Olszowy, Does antioxidant properties of the main
component of essential oil reflect its antioxidant properties? The comparison
of  antioxidant properties of essential oils and their main components, Nat.
Prod. Res. 28 (2014) 1952–1963.

40] J. Javanmardi, C. Stushnoff, E. Locke, J.M. Vivanco, Antioxidant activity and
total phenolic content of Iranian Ocimum accessions, Food Chem. 83 (2003)
547–550.

41] M.  Tosun, S. Ercisli, M.  Sengul, H. Ozer, T. Polat, Antioxidant properties
andtotal phenolic content of eight Salvia species from Turkey, Biol. Res. 41
(2009) 175–181.

42] A.F. Ahmed, M.  Shi, C. Liu, W.Y. Kang, Comparative analysis of antioxidant

activities of essential oils andextracts of fennel (Foeniculum vulgare Mill.)
seeds fromEgypt and China, Food Sci. Hum. Wellness 8 (2019) 67–72.

43] A.F. Ahmed, N. He, Z.Y. Xia, W.Y. Kang, Total phenolic and flavoniod
contentand antioxidant properties of Nigella sativa L. seeds, Curr. Top.
Nutraceut. Res. 16 (2018) 147–154.

http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0035
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0040
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0045
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0050
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0055
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0060
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0065
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0070
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0075
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0080
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0085
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0090
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0095
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0100
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0105
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0110
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0115
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0120
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0125
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0130
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0135
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0140
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0145
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0150
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0155
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0160
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0165
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0170
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0175
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0180
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0185
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0190
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0195
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0200
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0205
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0210
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215
http://refhub.elsevier.com/S2213-4530(19)30095-3/sbref0215

	Antioxidant activity and total phenolic content of essential oils and extracts of sweet basil (Ocimum basilicum L.) plants
	1 Introduction
	2 Materials and methods
	2.1 Plants material
	2.2 Essential oil isolation
	2.3 Gas chromatography/mass spectrometry analysis of oils
	2.4 Preparation of basil samples extracts
	2.5 DPPH radical scavenging assay
	2.6 Determination of total phenolic contents (TPC)
	2.7 Statistical analysis

	3 Results and discussion
	3.1 Chemical composition of essential oils
	3.2 Total phenolic contents of essential oils and extracts
	3.3 DPPH radical scavenging assay of essential oils and extracts

	4 Conclusions
	Declaration of Competing Interest
	Acknowledgement

	References

